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Arsenic Contamination in Agriculture : A Threat to
Water-Soil-Crop-Animal-Human Continuum in 21st Century

S.  K.  SANYAL

Bidhan  Chandra  Krishi  Viswavidyalaya,  Kalyani  -741   235,  Nadia,  West  Bengal

The widespread arsenic (As) contamination  in  ground water in  parts of West Bengal (India) and
Bangladesh is well documented.  In West Bengal alone, 85 blocks, located primarily in 9 districts,
covering an  area  of about 39000  sq  kin on the eastern  bank  of the  river Bhagirathi,  are affected
with  9  to  10  million  population  reportedly  drinking  gi.ound  water  laden  with  various  degrees
with  arsenic  contamination.  Such  contamination  has  been  reported to  be of both geogenic and
anthropogenic  in  origin.  In  India,  however,  arsenic  contamination  has  been  mainly of geogenic
origin  in wliich widely practised wetland summer (boro) paddy cultivation,  using large quantum
of  ground  water,  is  believed  to  play  a  role.  The  ground  water As  concentration  (50-1600  ~g  L-i),
reported  from  the  affected  areas  of West  Bengal,  are  several  orders  of magnitude  higher than
the  stipulated  Indian  standard  for  the  permissible  limit  in  drinking  water  (50  «g  L-1,  which  is
also the  maximum  acceptable concentration,  MAC,  tor drinking water in  Bangladesh,  India and
several  other  countries),  as  well  as  the  WHO  guideline  value  (10  #g  L-1).

The  main  focus  of attention,  until  recently,  lias  been  exclusively  on  arsenic  contamination  in
groiind  water derived  drinking  water.   However,  of tlie  total  ground  water  used  in  the  affected
belt,  loss ttian  10% ac.counts  for drinking  purpose,  leaving  more than  90%  of it in the agricultural
sector,  leading  to  its  entry  in the food  chain.  Interestingly,  the surface water bodies,  located  in
the  affected  belt,  have  remained  largely  free  of arsenic.

Arsenic  held  by  solid  phases  within  the  sediments,  especially  iron  oxides,  organic  matter  and
sulphides may constitute the  primary arsenic sources  in ground water under conditions conducive
to  arsenic  release  from  these  Solid  phases.  These  include  abiotic  reactions  (oxidation/reduction,
ion  exchange,  chemical  transformations)  and  bjotic  reactions  (microbial  methylation).   Arsenic  in
ground water is 9enerally present as dissolved, deprotonated/protonated oxyanions, nam®Iy arsenitos
(As"'O..-;  HnAs"loo(3-n)-, wlth  n = 1,2) or arsenate (AsV04S-,  HnAsVO.(.-n)-, with  n = 1,2), or both,  besides
the organic forms which have different levels of toxicity following the order: arsine >organo-arsine
compounds  >arsenites  and  oxides  >arsenates  >arsonium  metals>native  arsenic  metal.  Different
crop  plants  raised  in  one  ot  our  crop  cafeteria  experiments  exhibited  varying  tendencies  to
accumulate arsenic. Such accumulation in different plant parts also tended to fall off in the following
sequence:  root  >  stem  >  leaf  >  economic  produce.   A  large  number  of  other  significant  findings
have ensiied from the extensive research stildies performed at Bidhan Chandra Krishi Viswavidyalaya
and  elsewhere.  The  retention  of As  by  the  soil  organic  fraction  in  the  affected  sites  of study  has
been amply demonstrated, so also the relea§e potential of As from the resumng organo-As complexes
by the competing oxyanions such as  phosphate and  nitrate. The application of FYM and phosphate
was found to  have  opposing  effect on  release of native and  applied  As  in  the  contaminated  soils,
with  FYM  reducing  such  release.  thereby  tending  to  moderate the  toxic  effect  of As  in  soil-plant
system.  A  number of other  manures,  namely  compost,  poultry  manure.  neem  cake.  etc.  have also
been  examined  as  ameliorants,  not only for rice,  but for other crops as well  (e.g.,  potato,  elephant
footyam),  with  encouraging  results.  Alternative  and  promising  cropping  sequences  with  market
demand,  but  of  less  irrigatlonal  requirement,  were  examined  as  substitute  for the  dominant  rice.
rice-fallow sequence in the affected areas to minimize the arsenic uptake by food crops.  This apart.
inclusion  of  pulses  /other  legumes  /green  manure  crops  in  the  cropping  sequence,  coupled  with
organic  manure  acldition,  was  found  helptul  in  moderating  arsenic  build-up  in  soil  and  plant  parts.

Furthermore,   pond   stored   contaminated   ground   water  was   also   found   to   get  partially
decontaminated   over  time   by  sedimentation-cum-dilution   due  to   rainfall,  and   conjunctive
irrigation  using  silch  water  bodies  reduced  the  dependence  on  ground  water  Irrigation.  Our
current  researcli  thrust  covers,  among  otliers,  arsenic  speciation  in  different  food  crops  for
ascertaining  the  net toxicity,  and  the  corresponding  risk  assessment  due  to  the  toad  intake.

(Pay ro~rds :. A:.s.en:c in s_ou q u)?ter, Ground a surf ace ujater coritarmnatiorL, Geogewic origin, Complexes
in soul, Permissible lrmt for dnrLking, Uptok:e in food chjim, Cropping sustem, Aiiteliorc[ri6n mewil)

Arsenic  (As),  which  is  placed  in  Group  V  and
Period   4   of  the   Periodic   Table,   is   a   naturally
occurring element that  has  both  metallic  and  non-
metallic  properties.   One  of  the  earliest  references

to  the  use  of arsenic  (around  3000  BC)  was  found
in   brc)nze   alloys   (Partingtc)n,    1935).   Arsenic  also
found   use  in   medicines  well   before   400   BC.   In
agriculture,   arsenic   compounds  were  used  as
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insecticides such as sanc!cirach (realgar, Ass), which
was effective for protection of grapes, and reports of
use of arsenic as insecticide by the Chinese workers
was  found   in   the   loth  century   (Sanyal,   1999).
Widespread  use  of  arsenic  in   agriculture   may

possibly be traced as an insecticide to control pc)tato
beetle.   This  was  followed   by   London   Purple   (a
mixture of calcium arsenate and arsenite with some
organic  matter)   as  an  Insecticide   (Sanyal,   1999).
Presently high toxicity and increased appearance of
arscnic  in  the  biospherc  has  triggered  public  and

polilical  concern.  Arsenic  contamination  in  ground
water, and the Influence thcrcof on soil-plant-animal-
human  continuum,  have  bccn  reported  from various

parts   of  the   globe   at  different   points  of  time
(Chowdhury et a!.,  2001, Mukhopadhyay and Sanyal,
2004,  Sanyal,  2005).  Such  contamination  has  been
reported to be of both geogenic and anthropogenic in
origin.  In  India,  however,  arscnic  contamination  has
been  mainly of geogenic  in  origin  (Sanyal,  2005).

Arsenic contamination in ground water has been
reported  at different  times  from  West Bengal,  India
and  countries like U.S.A.,  Argentina,  Chile,  Mexico,
Taiwan,  Hungary,  Finland,  Nepal  and  Bangladesh

(Sanyal,1999).  Out of 20 countries in different parts
of   the   world,   where    ground   water   arsenic
contamination and human suffering there from have
been  reported  so  far,  the  magnitude  is  considered
to  be  the  highest  in  Bangladesh,  followed  by  West
Bengal,   India   (Sanyal,   2005).   The   scale   of  the

problem  is  grave  and  unprcccdented,  covering  a
geographic  area  of 0.173  million  square  kilometer,
while exposing 36  mlllion people ln the  Bengal delta
basin to risk (Ghosh  ef a!., 2004,  Sanyal and Dhillon,
2005)    The  widespread  arsenic  contamination   in

ground  water  in  different  parts  of  West  Bengal,
distributed  over 85  blocks,  located  primarily in five
districts (namely, Malda, Murshldabad,  Nadia, North
and   South   24   Parganas)   adjoining   the   river
Bhagirathi,  as  well  as  the  contiguous  districts  in
Ba.ngladesh,   is  of  great  concern   (Sanyal,   2005).
Recently,   several   agencies   like   UNICEF;   Central
Ground  Water  Board,  Government  of India;  School
of  Environmental  Studies,   Jadavpur  University,
Jadavpur and others also reported that many parts
of  the  ground  water  of  the  entire  Ganga  basin  is
contaminated     with     arsenic     (appeared     in
Artciridabazar Pafrlkci,  Kolkata,  March  24,  2004).

Dissolved  arsenic  concehtrations  in  natural
waters  (except  ground  water)   are  generally  low,
except  in  areas  characterized  by  geothermal  water
and/or  mining  activitics.   The   sedimentary  rocks

generally  have  higher  arsenic  content  than   do
igneous  and  metamorphic  rocks,  while  suspended
and  bottom   sediments  in  most  aquatic  systems
contain  more  arsenic  than  most  natural  waters
(Sanyal,   2005).   The  capacity  to  retain  arsenic  is
primarily  governed  by  the  sediment  grain  size  and
the presence of surface coating composed of clays, clay-
sized  iron,  manganese  oxides  and  organic matter.

Arsenic   held   by   solid   phases   within   the
sediments, especially iron oxides, organic matter and
sulphides,   may  constitute  the  primary  arsenic
sources in ground water under conditions conduciv€
to  arsenic  release  from  these  solid  phases.  These
include  abiotic  reactions  (oxidation/rcduction,  ion
exchange,  chemical  transformations)   and  biotlc
reactions  (microbial  methylation)  (Sanyal,  2005)

The  ground  water As  concentration  (50  -1600
wgL-I),  noted  in  the  affected  areas  of West  Bengal,
are  several  orders  of  magnitude  higher  than  the
stipulated  Indian  standard for  the permissible limit
ln   drinking   water   (50   wgL-1,   which   is   also   the
maximum   acceptable   cc)ncentration,   MAC,   for
drinking  water  in  13angladesh,   India  and   several
other countnes),  as well as the WHO guideline value

(10 wgL-I)  (WHO,1993,  Ghc)sh  etai.,  2004).  However,
such  guidelines  for  soil,  plant  and  animal  systems
are  not  available  (Ghosh  et al.,  2004).

The  effect  of  Ingestion  of  inorganic  arsenic  in
drlnking water  and  the  health effects in adults has
been well established (Guha Mazumdar ef ci!.,  1998)
As .small as 0.1  g of arsenic trioxlde can prove lethal
to  humans  (Jarup,   1992).   Toxicity  of  arsenic   to
human depends on the concentration and the length
of exposure.  Arsenical  toxicity  develops  insidiously
after six months to  two years or more  dL`pcnding on
the amount of intake of arsenic laden ground water
(in  case  of  contaminated  ground  water  scrving  as
the  drinking  water  source  as  in  West  Bengal  and
Bangladesh)  and  arsenic  concentration  in  it.  Early
symptoms   of  arsenlc   poisoning   include   skin
disorders, weakness, languor, anorexia, nausea and
vomiting  with  diarrhoea  or  constipation.  with  the
progress  of  poisoning,  the  symptoms  attain  more
characteristic   features,   which   include   acute
diarrhoea,   oedema  (especially  of  the  eyelids  and
ankles), skin pigmentation, arsenical melanosis and
hyperkeratosis,   enlargement  of  liver,   respiratory
diseases and skin cancer. In severe cases, gangrene
in  the  limbs  and  malignant  neoplasm  are  also
observed  (Mandal  ef  aJ„   1996).  "Bell  Ville  Disease"

(typical  arsenic  induced  cutaneous  manifestations
aLmong  the  people  of Bell  Ville)  in  Argentina,  "Black
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Foot  Disease"  in  Taiwan  and  "Kai  Dam"  disease  in
Thailand  are  well  established  as  health  disorders
due to arsenic poisoning (Sanyal and  Dhillon,  2005).
As  a  matter  of fact,  the  hair,  nail,  skin  scale  and
urine  samples of a large  number of people,  residing
in   the   affected   belt   of  Wc`st   Bengal   (India)   and
Bangladesh, have been analyzed by several workers.
Many  of  these  samples  had  arsenic  loading  more
than  the  corresponding  toxic  lcvcls  [Normal  levels
of arsenic  in  hair range  from  80  to  250  ttg kg-I,  while
1000  wg kg-t  is  the  indication  level  of toxicity;  normal
levels  of  arsenic  in  nail  range  from  430  to   1080
ttg kg-t ; normal levels of arsenic in urine range from 5
to  40  ttg  in  15  L  (per  day)]  (Chowdhury  ef ciJ.,  2001).

The  concerned  scicnlific  community,  planners
and   executing   agcncics   have,   so   far,   focused
attent,ion  mainly on  arsenic in  drinking water.  That
arsenic   contamlnated   irrigation   water  used   in
agriculture can inject the heavy metal into food web,
and  thereby into man,  was largely Ignored.  Actually
more  than  90%  of the  total  ground  water  used  in
the  affected  belt of West Bengal  finds application in
the  agricultural  sector  to  meet the  crop  irrigational
requirements  (Sanyal  and  I)hillon,   2005).   Indeed,
uptake  by crop  plants  grown  in  soils contaminated
with high concentration of arscnic and irrigated with
such  arsenic  contaminatcd  ground  water has been
noted  by several workers  (Ghosh  et a!.,  2004).  Such
findings  call  for an  immcdiatc  attention  since  what
remains  essentially  a  po!`nt  and   fixed   source  of
arsenic contamination as for drinking water (e.g.,  a
tubewell discharging contaminated watfir) , may well
become   a   d{/rtise   and   uncertain   source   of
contamination  when  arscnic  finds  its  way  into  the
food       web,       accompanied       with       possible
biomagnification up in the food chain. This assumes
added  significance in view of the  reported finding of
higher (than permissible) level of arsenic in the urine
samples   of  some   people   having  no   history   of
consuming  arsenic  contaminated  drinking  water
(Sanyal, 2005). Besides, arsenic contamination alone
can  limit,   or  even  negate,   the  productivity  and

quality  of  the  agricultural  produ`e.  The  outflow  of
contaminated   products   to   local,   national  and
internationa.I markets may also be further restricted
by sanitary and phytosanilary measures. Thus,  the
complexities  of  arsenic  problem   in   management
system,  as  emphasizcd  above,  warrants  sustained
research  work  to  characterize  the  entire  gamut  of
the  intricacies  of arsenic  toxicity  in  ground  water-
soil-crop continuum,  and come up with the effective
remedial  measures  to  contain   the   toxic  effect  of
arsenic  thereon.

Arsenic in ground water is generally present as
dissolved,   deprotonated/protonated  oxyanions,
namely arsenites (As"'033-;  Hn As"]03(3-n)-, with n =  1,2)

or  arsenate  (AsV043-,  HnAsV04(3-n)-,  with  n  =  1,2),  or

both,   t)esides   the   organic  forms.   The  toxicity  of
arsenic     compounds     in     ground     water/soil
environment depends  largely on  Its  oxidation  state,
and  hence  on  redox  status  and  pH,   as  well  as,
whether arsenic is present in organic combinations.
The  toxicity  follows  the  order:  arsine  |ASH3;  valence
state  of  arsenic  (As):   -3]>organo-arsine  compounds
>arsenites (As3+form) and oxides (As3+ form)>arsenates

(Ass+ form)>arsonium metals (+ 1)>native arsenic metal
(0).  The  arsenites  are  much  more  soluble,  mobile,
and   toxic   than   arsenates   in  aquatic  and   soil
environments.  At  pll  6-8,  in  most aquatic  systems,
both   H2AsV04-and   HAsV042-   Ions   (pentavalent

arsenic  forms)  occur  in  considerable  proportions in
an  oxidized  environment  (redox  potential,  Eh=0.2-
O.5V),   while   the   arsenous   acid,   H3AS"'03,   ls  the

predominant  species  (trivalent  arsenic  form)  under
reduced  conditions  (Eh=0-0.1V)    (Sanyal,1999).

The  arsenic  loading  of the  ground  water  which
is used  as irrigation  source vai.led from 0.06 to 0.53
mgL-t  in  Nonaghata  mouza of the  Haringhata block
of Nadia district in West Bengal (Ghosh  et aJ.,  2004)
A high degree of such contamination was also found
in different parts of the affected belt, to name a few,
Gotera  and  Ghentugachi   mottzas  of  Chakadaha
block  of  Nadia  district  (ranging  from  trace  to  0.89
mgL-I);    Ambikanagar,     Chakla,     Iajpur    and
Chyangdana  villages  under  Deganga  block  or  North
24-Parganas district of west Bengal (varying from 0.05
to 0. 50 mgL-I), etc. by a group of researchers at Bidhan
Chandra  Krishi Viswavidyalaya  (Sanyal,  2005).

Some  of our  research  studies,  conducted  at  the
selected  affected  areas,  revealed  that  the  tc)tal  and
Olsen   extractable   (I.e.,   0.5M   NaHC03,   pH   8.5  -
extractable  As  which  constitutes  the  soil  As  pool
amenable to plant uptake) arsenic varied from 8.4 mg
kg-I  to 24.3 mg kg-I  and from 2.90 mg kg-I  to  15.8 mg
kg-I,  respectively,  in  the  given  affected  soils  of West
Bengal  (Sanyal,  2005).  The  soil  arsenic  contents  of
these areas were generally higher than those reported
for the soils of several other countries  like Argentina,
China,  Italy,  Mexico,  France,  Australia,  etc.

As  mentioned   earlier,   several  crops  (such  as
elephant  footyam,   green   gram,   co,vpea,   sesame,

groundnut,  etc.) tended to show a build-up of arsenic
in  substantial quantities in  different plant parts.  A
number  of  other  vegetables,   namely  cauliflower,
tomato,  bittergourd  were  also  noted  to accumulate
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arsenic  in  their  economic  produce   (Ghosh   ef  cz!.,
2004). The  arsenic content  of the  leaves,  stem  and
potato  tuber  at  harvest  were  5.51,  9.34  and   10.2
mg   kg-i,  respectively,  when potato was grown with
irrigation  water  having  an  arsenic  loading  of 0.22
mg ASL-I  (Adak  et al.,  2002).  Thus,  the  distribution
of arsenic content in  plant parts  generally followed
the  order:  root  >  stem>leaf >  economic  produce.

Reduction Of ars€nate  to more  toxic arsenite  is
facilitated  by  lowering of redox potential  (Eh)  which
is  encountered  under  anoxic  soil  conditions,  with
arsenite   being  more   soluble   and  mobile   than
arsenate.  Thus,  rice  plant  is  rather  susceptible  to
arsenic toxicity  since  it is grown under  submerged
soil  conditions  (low  Eh)  (Sanyal,   1999).  Indeed,  the
total arsenic loading of rice crop was to the tune of
10  mg kg-I  and  even  more  at  14%  moisture  level  in
the  selected  districts of Bangladesh  (Duxbery  ef ciJ.,
2003).  Application  of  graded  doses  of  arsenic  in  a

pot  culture   experiment,   conducted   at  Bidhan
Chandra  Krishi  Viswavidyalaya,  West  Bengal,  led
to visual symptoms of arsenic poisoning in the leaves
of rice  plants  (Ghosh,  2005).  The  symptoms  were
reddening  of leaf tip  followed  by  lateral  expansion
towards  the  leaf  blade.   Such  reddening  of  leaves
proceeded  from  the  margin  of  the  leaves  to  their
midribs.  In  general,   the  symptom  of  the  affected
leaves  became  visible  in  the  pots  treated  with  40
mg  kg-t   arsenic  and  beyond  although  no  visual
symptom  was  found  in  lhc  pots  treated  with  upto
20 mg kg-I  arsenic rate  (Ghosh,  2005).  Further,  the

processing of rice  (i.e„  parboiling and  milling,  etc`)
was found to increase the arsenic loading in rice for
both the traditional  and  the  high yielding cultivars
(Ghosh  et  aJ.,  2004).

The concentrations of arsenic in flowering plants
were  found  to  be  0.114,   0.203,   0.214,   0.235  and
0.293  mg  kg-I  when  the  levels  of  soil  arsenic  were
0,  <20,  20-30,  40-50  and  >50  mg kg-I,  respectively

(Zhou,1986). Tuberose and marigold, two important
flowers   of   the   country,   were   also   found   to
accumulate  arsenic  in  their  floral  body  with  such
arsenic content in the flower samples ranging from
1.8  to  3.6  mg  kg-I   (Ghosh,   2005).  The  toxicity  of
arsenic  species  in  plant  body  is  reported  to  follow
the   order:   Arsine   (ASH3)   >   As3+   >   As   5+>   MMA

(Monomethyl arsenic acid)> DMMA (dimethyl arsenic
acid)  (NRC,   1978).

Several weed species, namely Ludr/giv.a panJlflora,
Filmbrtstylis sp. , Agerarfum conyzaldes , Eleusme indica,
ctc.  showed  promise  of  accumulating    substantial
amounts  of arsenic  (e.g.,  50  times  or  even  more  of

their biomass) in their plant biomass when present in
the  arsenic  affected  areas,  in  comparison  with  the
situation where such weeds grew in arsenic free areas
under  observation.  Thus,   the  latter  could  be  of
importance in regard to cost effective phytoremediation
optlons  for the  given  arsenic contamination  problem
(Ghosh,  2005).   However,  speciation  of  the  different
forms  of arsenic  revealed  that the  rret toxicity of the
arsenic increased when arsenic entered into the food
chain from the contaminated ground water irrigation
source  L/ia  soil  (Ghosh,  2005).

It is thus apparent that arsenic uptake by crops,
irrigated  with  arsenic contamlnated  ground  water,
caused  entry  of  arsenic  in  the  food  chain,  which
could  be  of  importance  in  regard  to  the  health
hazards  to  humans  as  well  as  the  animals  of  the
affected   areas.   On   the   other   hand,   arsenic
contamination  in  agroecosystem,  which  'acts  as  a
conduit  for  the  passage  of  the  toxicant  to  human
population   u!.a   food   web,   came   under   serious
consideration     only    recently.     The     present
communication  demonstrates  that  equal,  if  not
greater, attention is necessary for understanding the
complex  aspects  of accumulation  of arsenic  in  the
food  web   L/t.s-a-I/I.s  drinking  water  alone,   and  its
ultimate   passage   to   the   humaLn   populations.
Notwithstanding  what  is  discussed  above,  much
more  and  sustained  research  work  remains  to  be
done to characterize  the entire gamut of Intricacies
of  arsenic  contammation  spectrum  in  soil-plant-
animal-human  system.  This  covers  evolving  the
effective  remedial  measures  [e.g.,  incorpctration  of
organic  manures  (namely,  FYM,  poultry  manure,
neem  cake,  oil  cake,  etc.),  cultivation  of low water
requiring  cropping  sequences,   Identification  of
bioremediating  species,  conjunctive  use  of surface
and ground water, exploration of the genetic make-
up of several important plant species, including the
varieties  of  such  cultivars  commonly  used  in  the
arsenic  belt,   I/i.s-a-uts  arsenic  accumulation  and
tolerance  by  these  species  worth  undertaking  for
identifying  the  relevant  DNA  markers  and  enzyme
systems from to contain the toxin in the said system.
Immediate  needs,  among  others,  are  improvement
of  field  and  laboratory  protocols  for  large  scale
measurement of arsenic, and that for different forms/
species of arsenic in ground water-Soil-plant-ahimal-
human continuum, strengthening of inter-Institutional
and inter-disciplinary action Programme, on-demand
testing  of  arsenic  presence  in  abiotic  and  biotic
systems,  long term  technical  alternatives  to  reduce
dependence  on  arsenic  contaminated  resources,
awareness and involvement of the affected populations
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for  the  confinement  through  mass  movements,
gradually  leading  to  the  zcroing  of  arsenic  related
problem,  and  promotion  of international  networking
in  support  of arsenic  mitigation  options  (Sanyal  and
Nasar,  2002,  Sanyal,  2005).
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The  entire  coastal   region   in  India  except  north  Gujarat  receives  a   normal  annual  rainfall  of
more than  100  cm.  Availability  of freshwater  is  a  major  problem  in  the  coastal  region.  Since the
major  source  of  water  in   coastal  areas   is   rainfall   and  ground   water,   inefficient  rainwater
manag®mont and over-exploitation of ground water tor irrigation in the west and south coastline
have caused acute shortage of water. While, the major part of the east coaGt suffers from severe
waterlogging  problem  diie  to  flat  topography  and  low  hydraulic  conductivity.  All  along  the
coastline,  ground water quality  is  being  threatened  due to the  surface  or subsurface s®awater
intrusion.  Major  issiies  rolated  to  water  management  in  coastal  areas  are  waterlogging  and
salinity,  rainwater management and  seawater intrusion.  Water management  policies  in  coastal
areas  must  focus  on  providing  adequate  drainage  facility,  appropriate  rainwater  harvesting
structures  and   developing  appropriate  ground  water  pumping   rate  and   pumping  schedule
combinations. This  requires  location specific studies to investigate the surface and subsurface
hydrologic  behaviour.   Field   investigation   of  hydrologic   behaviour  is  a   time  consuming   and
costly  affair.  This  investigation  can  easily  and  conveniently  be  carried  out through  modeling  of
procossos  governing  the  hydrology  of coastal  ecosystem.  There  are several  models  available,
which can  be used for design of drainage system and rainwater harvesting structure and simulate
the seawator intrusion. Tlie most appropriate model can  be calibrated  arid  validated for the use
in local  conditions.  This  paper covers  the various aspects  of water management and the  utility
of modeling  for water  management in  coastal  ecosystem.

(Key  ulord.:  Modeting,  Coastal  ecosystems,  Seawater  Intrusion,  Hydrologic  behauiour,   Water
Tn.ar\agement)

Coastal   ecosystem   is   a   zone   where   sea
influences  the  life  of all  living  beings  including  the
human  population  residing  there.   It  includes  the
coastal  land  and  the  part  of  river  basin  adjoining
the  sea.  This  ecosystem  also   supports  a  broad
diversity  of  terrestrial  and  marine  habitats.  The
Indian coastline is more than 8000 kin long bounded
by the ArabiaLn Sea in west,  the Bay of Bengal in the
east,   and  the  Indian  Ocean  in   the   south.   The
topography  of  coastal  region  in  India  varies  from
lowlying  to  high  hills.   The  deltaic  region  of  river
Ganges,  land  between  eastern   Ghats  and  Bay  of
Bengal in the eastern coast, between western  Ghats
and the Arabian Sea in the western coast, the coast
of KeralaL and the coast of Valsad and Surat districts
in  Gujarat  are  nearly  level  to  lowlying.   Deltas  of
eastern coast with  marshy lands  of Sundarbains  in
the  north  and  with  natural  depression  lakes  like
Chilka, Killeru and Pulikhat along the eastern coast
are   generally   lowlying.   The   coastal   area   of
Lakshadweep   group   of   Islands   exhibits   flat
topography  while  the  Andaman  and  Nicobar  group
of Islands  fall  under  lowlying  lo  high  hills.

The  major  Indian  shore  lini`s  are:

•      Deltaic  (deltas  of  Ganga,  Mahanadi,  Godavari,
Krishna  and  Cauvery)

•      Shoreline  of  emergence  between  Ganga  and
Godavari,  and  Krishna delta and  Kanyakumari

•      Compc)und  shorcline  of Kerala and  Karnataka

•      Submergent  shoreline  of Maharashtra
•      Estuarine  shorelinc  of Gulf of cambay

•      Submergent  shoreline  of Gulf of Kutch

•      Natural  shoreline  of Lakshadweep
•      Compound  shorelines ofAdamans and  Nicobars

The   Indian   coastline   offers   an   excellent
opportunity  for  agricultural  growth  particularly on
east coast,  which  has vast stretch  of fertile alluvial
land.  Agriculture in  the coastal ecosystem  is mostly
rain fed  or  irrigated  by  ground  water.  Though  the
availability of both  the rainfall and  ground water is
in abundance in most of the coastal region of India,
scarcity of water is felt particularly in post-monsoon

r)eriod   due   to   the   seasonal  characteristic  of  the
rainfall   and   the   seawater   Intrusion   in   coastal
aquifer.  Entire  coastal  region  except  north  Gujarat
receives  a. normal  annual rainfall  of more  than  100
cm.   In  the  west  coast,   it  is  as  high   as  250  cm.
However,  more  than  80%  of  the  annual  rainfall  is
received   during   ra-iny   season   except   coastal
Tamilnadu, which  rccc.ivcs maximum rainfall during
October  and  November.  The  major  source  of water
in   coastal   areas   is   rainfall   and   ground   water.
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Inefficient   rainwater   management   and   over-
exploitation of ground water for Irrigation in the west
and  south  coastline  has  caused  acute  shortage  of
water   On the other hand, thc? major part of the east
coast suffers from scvcre walcrlogging problems due
to  flat  topography  and  low  hydraulic  conduc`tivity.
All along the coastline, ground water quality is being
threatened   due   to  the   surface   or   subsurface
seawater intrusion.

The  coastal  ecosystcms  are  vulnerable   to   a
variety  of  natural  hazards  including  erosion,   salt
water  intrusions,  subsidcncc,   fsuriom[.  and  floods.
Exposure  to  such  natural  hazards  is  expected  to
increase due  both  to Increase  in  popula.tion  density
in  lowlying  coastal  areas  and  the  effects  of  global
climate   change   (e.g.   sea   level   rise   and   possible
increases in the frequency of cxtrcme weather such
as  tropical  cyclones)  (loos,  2004)

Ivlajor  issues   related   to  water  management  in
coastal  areas

The major issues related  to water management
in   coastal   areas   are  watcrlogging  and   salinity,
rainwater management, and scawater intrusion. Due
to  heavy and  concentrated  rainfall,  flat topography
and  low  hydraulic  conductivity  of soils,  the  coastal
soils  are  subjected  to  intense  waterlogging.  Excess
rain  during  monsoon  and  poor water  management

practices result in  excessive  surface  runoff and  soil
loss. Water balance analysis of coastal areas for LJune
to  September  and  October  to  December  (Table   1)
shows substantial surplus water in monsoon period
in all the coastal regions except Andhra Pradesh and
Saurashtra  (Rao  and   Dhruvanarayan,   1979).   It
indicates  that  there  arc  ample  opportunities  for
rainwater harvesting for supplem€ntal irrigation and

ground  water  recharge.   Seawater  intrusion  is
another  serious  problem  in  coastal  region.  Due  to
excessive  pumping  of  coastal  aquifer,  the  natural
balance   between   freshwater   and   seawater  is
disturbed,  as  a  result,  fresh  water  flow  to  coastal
waters is reduced and seawater moves towards fresh
water  aquifers  (Fig.   1).  Lowering  of the  water table
by drainage canals also lead to salt water Intrusion.
Seawater intrusion is the movement of seawater into
fresh  water  aquifers  due  to  natural  processes  or
human  activities.  Seawater  intrusion  is  caused  by
decrease  in  ground  water  levels  or  by  increases  in
seawater  levels.  Intrusion  can  affect  the  quality  of
water  not  only  at  the  pumping well  sites,  but  also
at  other  well  sites  and  at  undeveloped  portions  of
the  aquifer

People  leaving  in  coastal  areas  have  evolved
effective  indigenous  methods  for  water  harvesting.
Indigenous  techniques  are  playing effective  role  in
several  parts  of  the  coastal  region  in  India.   Vt.rdas
in  Banni  grasslands  of  Great  Rann  of Kutch  built
by the  nomadic  Maldharis for rainwater harvesting
helped the Maldharis to separate potable freshwater
from  non-potable  salt water.  In  Kasaragod  district
of  the  northern  Malabar  region  of  Kerala,  people
depend  on   StJrangcim  for  water.   StJrangam  is  a
horizontal well mostly excavated in hard laterite rock
formations  to  construct  a  tunnel  like  structure.
Water  which  seeps  out  of the  hard  rock  and  flows
out of the tunnel, is usually collected in an open pit
constructed  outside  the   surangam  for  use.   Er['s

(tanks)  are  very  common  for  water  harvesting  in
coastal  region  of Tamilnadu.  En.s  plays  important
roles  in  maintainmg  ecological  harmony  as  flood
control systems, preventing soil erosion and wastage
of  runoff  during  periods  of  heavy  rainfall,   and

Table  1.  Water balance analgsis of coastal areas for June to September ancl October to December

State Rainfall Potential Water  surplus Rainfall Potential Water surplus

(mm) ET  (mm) ordeficit  (mm) (mm) BT  (mm) or dcficit  (mm)

West  Bengal I,325 519 806 177 310 -123

Orissa I,140 477 663 180 280 -loo

^ndhra  Pradesh 570 590 -20 330 337 -7

Tamil  Nadu 340 640 -300 480 357 -123

Karnataka 2850 375 2,475 250 345 -85

Kerala 2010 395 1614 550 335 -215

Maharashtra 2700 475 2225 130 344 -214

GUJarat 930 556 365 30 357 -327

Saurashtra andKutch 450 714 -264 20 413 -393

(Rao  and  Dhruvanarayan,   1979)
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Fig.1.  Schematic  representation  of salt water  intruslon  in  coastal  aqiilfers

recharging  the  ground  water  in  the  surrounding
areas.  It i§ an important source of irrigation for the
farmers  of  Tamilnadu.   A   series   of  jackwells,
connected by split bamboos to collect the overflows,
are  a  common  practice  to  harvest  through falls
(rainfall)  from the leaves and are being used  by the
tribals of Great Nicobar Island.  One jackwell  leads
to another, ultimately leading to the biggestjackwell,
with an approximate  diameter of 6  in and  depth of
7 in. There is need to promote the indigenous water
harvesting  techniques   with   scientific   input.
Simulation  models  can  be  used  to  develop  and
improve the design of indigenous technologies to suit
the local needs.

Water managem.nt policies  in  coastal areas
Water  managcmcnt  policies  in  coastal  areas

must focus on providing adequate drainage facility,
appropriate  rainwater  harvesting  structures  with
developing appropriate ground water pumping rate
and   pumping   schedule   combinations.   Some
important  measures  to  control  the  salt  water
intrusion are reduction of the rates of ground water
pumping to keep it within the sustainable yield (van
Dam,   1999),  relocation  of  abstraction  works  to
reduce the losses of fresh ground water by outflow,
increase  of  natural  recharge,  artificial  recharge,
abstraction  of saline  ground  water  to  increase  the
volume of fresh ground water and reduce the losses
of fresh ground water by outflow.

Modeling  for  water  resources  development  and
management

Development  of  water  management  policies
requires location  specific studies  to  investigate  the
surface and subsurface hydrologic behaviour.  Field
investigations  of  hydrologic  behaviour  are  a  time
consuming and costly affair and such investigations

can be easily and  conveniently carried  out through
modeling  of  processes  governing  the  hydrology  of
coastal  ecosystems.   There  arc   several  models
available,  which can be used for design of drainage
system and  rainwater harvesting structures as well
as  for  simulation  of  seawater  Intrusion.  The  most
appropriate  model  can  be  calibrated  and  validated
for  its  application  at  specific  locations.  Efforts  are

going  on  to  validate  or  develop  models  for  water
management in coastal regions. An attempt has been
made here to review the modeling efforts and discuss
on  important  models  which  can  be  used  for  water
management in coastal  areas.

Ferreira  ef ciJ.  (2005)  used  GALD]T  method  for
assessing the vulnerability to  seawater intrusion in
Portuguese  aquifer  of  Monte  Gordo.  According  to
them,   the   most  important  factors  controlling
seawater  intrusion  were  Ground  water  occurrence
(aquifer  type;   unconfined,   confined  and   leaky
confined);  Aquifer  hydraulic  conductivity;  Depth  to

ground  water  Level  above  the  sea;  Distahce  from
the  shore  (distance  inland   perpendicular  from
shoreline);  Impact  of  existing  status  of  seawater
intrusion in the area; and Thickness of the aquifer,
which  is  being  napped.  The  acronym  GALDIT was
formed from the highlighted letters of the parameters
for ease of reference. These factors were determined
to include the basic requirements needed to assess
the  general  seawater  intrusion  potential  of  each
hydrogeologic  setting.   GALDIT  factors  represent
measurable   parameters   for  which   data  were

generally available froin a variety of sources without
the  need  for  a  detailed  investigation.  A  numerical
ranking   system   to   assess   seawater   intrusion

potential  in  hydrogeologic  settings  was  devised  by
them using GALDIT factors.
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13hosale  and  Kumar  (2002)  simulated  seawater
intrusion  in  a  section  of Ernakulam  coast  through
Saturated-Unsaturated  TRAnsport  (SUTRA)  model
and  examined  the  Impact  of  increased  pumping
scenarios  on  extent  of  seawater  intrusion.  They
reported  that the sensitive zone  (salinity more than
500 mg 1'`)  in this area was between 400 in to 2000 in
from the high tidc line and the ground water in this
zone was already contaminated due  to  saline water

(total   dissolved   solid   concentration   above   the
standard  limit).  They  concluded  that  any  ground
water  development  activity  in  the  region  needs  to
be  carefully  planned  with  remedial  measures  in
order to  contain  further  intrusion  of seawater.

Chachadi   et  aJ.   (2003)  used  GALDIT  model  to
assess  the  impact  of  sea  level  rise  on  salt  water
intrusion  in  the  coastal  area  of  North  Goa.  They
concluded  that  the  rise  of  0.5  in  sea  level  would
cause   maximum   surface   inundation   in   the
estuaries/creeks compared  to  the  main coast.  This
was  because  of  the  fact  that  the  main  coast  had
rocky and  steeply elevated  ground  surface at many

places.  On  the  other  hand,  the  estuaries/creeks
have  very  flat  topography  and  very  low  elevations
above  the  sea  level.  They  also  concluded  that  the
seawater intrusion in the area along the creeks was
widespread  and  has  an  increased  level  of  Ingress
after 0.5  in  sea  level  rise as  seen  from  the  GALDIT
score  contour map.

Seawater   intrusion   in   coastal   aquifers   is
generally three dimensional (3-D) in nature but there
are  very  few  reported  results  on  3-D  simulations.
Das and  Datta (2001)  conducted  3-D simulations to
study   the   response   of   coastal   aquifers   and
demonstrated that a series of pumps near the oceaLn-
face boundary induced a hydraulic head distribution
which can be effectively used for controlling seawater
intrusion.

Some  important  models  for water  management  in
coastal  aquifers

SEAWAT-2000  :

SEAWAT-2000  is  a  computer  program  for  the
simulation  of  three-dimensional,  variable  density,
transient  ground   water   flow   in   porous   media

(Langevin  etaJ.,  2005).  It combines MODFLOW-2000
and  MT3DMS  into  a  single  computer  program  and
contains   all   of  the   processes   simulated   by
MODFLOW-2000.

SEAWAT  requires  a  set  of  initial  conditions,
hydraulic  properties,   and  stresses  to  be  specified
for  every  model  cell  in   the  finite  difference  grid.

Primary  output  is  head  and  concentration,  which
can be written to the listing file or to separate binary
files.  Other output includes  the  complete listing  of
all input data, drawdown, flow budget, and transport
budget  data.   F`low  budget  data  are  printed  as  a
summary in the listing file, and detailed budget data
for  all  model  cells  can  be  written  into  a  separate
file.

SUTRA Version 2D3D.1: USGS: This is a model
for 2D or 3D saturated-unsaturated, variable density

ground  water  now  with  solute  or  energy  transport
(Voss  and  Provost,  2002)

SUTRA-MS  Version  2004.1:  SUTRA-MS  is  a
modification   of  SUTRA   Version   2D3D.I.   It   can
simulate variably  saturated  to fully saturated  flow,
advection,   and  production  and  the  transport  of
multiple species, and allow for dependence of density
and  viscosity  on   any  of  the  simulated   species

(Hughes  aLnd  Sanford,  2004).

FEFLOW   :   F`EFLOW   (Diersch,    1998)   is   a
complete   ground  water   model  combined   with

powerful  graphical  features,  sophisticated analysis
tools and  robust numerical algo,ithms for:

•     ` Density-dependent  flow  (salt  water  intrusion)

•      Transient or  steady state  flow

•      Saturated  and  unsaturated  flow
•      Multiple  free  surfaces  (perched  water table)

•      Mass and heat transport
FEFLOW  can  be  used  to  determine  the  spatial

and  temporal  distribution  of  ground  water  heads
and contaminants,  estimate the duration and travel
times of a pollutant in aquifers, evaluate the impact
of seawater intrusion due to ground water pumping
and/or  mining  activities   along  coastal  regions,
simulate   the   combined   effects   of  geothermal
gradients and saline ground water flow for deep well
injection  of  nuclear  wastes,  design  and  optimize

pumping   well   locations   and   pumping  rates,
determine  the  influence  of dewatering  activities  on
lc)cal  and  regional  ground  water  supplies,  evaluate
remediation    alternatives,    plan    remediation
strategies,   optimize   ground   water  remediation
system  designs,   analyze  moisture  dynamics  and
seepage  through  the  dam,   predict  the  rates  of
infiltration/aquifer  recharge  due  to  precipitation,
storm  water  retention  ponds  or  artificial  aquifer
recharge  schemes.

8eav&ter  intrusion  (awl)  paclage  for
MOI)FLOW-USGS:  The  Seawater  intrusion  (SWI) tis
a  package  for  the   mc)deling  of  regional  seawater
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Table 2.  SorrLe mportc.nt hgdrologtc s{mulatron mociels

Model Type Scale  of application Source Time  step

WATFLOODPRMSSWIMSWATTOPMODELNAVM02 Hydrologic  budget  of Large  basins  (>10000  km2)Smallandmedium(maybe Department  of Civil DallyDaily

watershed Engineering,  University  ofWaterloo,Canada

Precipitation  runoff USGSScientrfrc`Software--

model tried  for large)  basins

l}ailyDailyI)a,lyDailySoil +rateT iBffltratien- Small-hasmsSmallandmedium  (could
and  movement Group„  Washington

Soil and water R  Srinivasan,  13lackland

assessment  tool be  tried for  large)  basins Research  Centre,  Temple,  TX

Topography based Small  (could  be  tried  for Institutc  of I<;nvironmental

hydrologic  modeling medium  and large)  basins Sciences,  UnLversity  ofLancaster,UK

Precipitation-runoff- Large  (2x2  kin  grid  sizes) K Jasper,  University  of

evapotranspiration Bundeswehr,  Water

model Resources  Institute,Neubiburg,Germany

Source.  Narula  et  cil.  (2002)

intrusion  with   MODFLOW   (T3akker  and   Schaars,
2005).  The  Swl  package  simulates  the  evolution  of
the  three-dimensional density  distribution  through
time and can model each  aquifer with  a single layer
of  cells.  An  existlng  MO[)Ii`LOW  model  of  a  coastal
aquifcr   can   be   modificd   to   simulate   seawater
Intrusion through the addition of one Input file. The
SWI  package  can  simulatc  Interface  flow,  stratified
flow,  and  continuously  varying  density  flow.

Some  of  the  other  popularly  used   hydrologic
simulation  models  have  been  listed  in  Table  2.

CONCLUSION

Water  management  in  coastal   region   is   a
complex  issue.  Salt  water  Intrusion,  severe  runoff
and  soil  erosion,  backwater  flows  and  waterlogging
and   salinity  are   major  challenges   before   water
management  scientisls.  Though  the  problems  are
complex, they can be solved if appropriate strategies
are  dcvcloped    Studics   prcsentcd   in  this   paper
demonstrate that these problems can be minimized.
IIowever,   there   is   an   urgent   need   to   develop

guidelines   for   pumping   of   coastal   aquifers.
Indigenous  techniqucs  of  water  harvesting  should
be   promoted   with   proper   scientific   designs.
Simulation   models   can   bc   used   to   analyze   the
different   water   resources   development   and
management  scenarios  to  selccl  the  most optimum
one.  There  are  a  number  of models  available  which
can  be calibrated  and validatcd  for  local  conditions

to generate the water management scenarios.  Some
of the Important models presented in this paper are
widely used  and  can  be  tried  out  for  Indian  coastal
regions.
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Soils  in coastal  India  are  acidic (red and  lateritic soils), salino and  deltaic alluvial. These soils
are  low  in  bases,  available  N,  P,  and  K  and  high  in  Fe.  The  major  problems  in  those  soils  are
acidity,  nutrient deficiencies,  strong  P fixation  and  Fe toxicity,  and  in  some  cases,  toxicity due
to  Mn  and  Al  as  well.  Increasing  intensity  of cropping  to  feed  the  ever-growing  population  of
coastal  areas  has  led  to  persistent  nutrient  mining  from  the soil,  which  has  an  adverse  effect
on  soil  health.  The  rice growing  soils  of coastal  India  are  oithor  undorfod  with  plant available
nutrients  (like  eastern  India)  or  overfed  in  areas  liko  Krishna  and  Godavari  deltas  of  Andhra
Pradosh  and  Cauvery  delta  of Tamil  Nadu.  In  recent years the  nutrient  management strategies
have  gained  importance  in  crops  and  cropping  systems  for maintaining  soil  available  nutrient
status without  nutrient  mining  for §ustainable  higher  productivity  under  long  term  basis.

Long term  experiments  have  shown  that  neither organic  sources  nor  mineral  fertilizers  alone
can  achieve  sustainability  in  the  crop   production.    Continuous   use  of  FYM   is  etfective  in
stabilizing rjc® productivity under low to medium cropping lntonsity where the nutrient demand
is  relatively  small.    Nonetheless,   integrated  use  of  organic  and  mineral  fertilizers  has  been
found  to  be  more  effective  in  maintaining  higher  productivity  and  stability  through  correction
of deficiencies  of secondary  and  micronutri®nts  in  the  course  of minoralization,  on  one  hand,
and favourable physical and soil ®cological conditions, on the other. Organlc manuring improved
the  physical  and  microbial  conditions  of soil  and  also  enhanco8  fortilizor  use ®lficioncy when
applied  in  conjunction  with  mineral  fortiliz®rs.   Thus,  all  the  major sources  of plant  nutr!onts,
such  as  soil,  mineral,  organic  and  biological  should  be  utillzod  ln  an  efficient  and  judicious
manner for sustainablo  higher crop  production  in  rice-I.ased  cropping  system.

(Kes| u]ords . R.ce-based cropping systems, Nuirfronal corrstralrLts, Balanced f ertilraation, integrated
nutnent management)

Among  the  food   grains,   rice  is  the  principal
cereal  crop  and  is  cultivated  in  44  in  ha  land  area
of India with production of 93 in tonnes. The coastal
areas of India contribute  significantly with  an area
of 18.2 in ha and 5.5% of the total geographical area
of  the  country  with  food  grain  production  of  37
million  tonnes.  The  ecosystem  is  characterized  by
tropical   and   subtropical   conditions  with   hot
summers  and  mild  winters.  Yet  the  productivity  of
the  principal  cereal  crop  is  quite  low  as  compared
to the  rest of the  country.  It is primarily due  to the
soil  and  edaphic  factors  (acid,   saline  and  sandy
nature with deficiencies c)f major and micronutrients
in soils), climate, and the poor cultural management
practices  followed.  There  is  still  ample  opportunity
to  increase  the  productivity  of  rice  in  these  areas
through  suitable  nutrient  management  practices,
which  may  be  the  most  important  factor  of  crop
production.   This   paper   examines   the   existing
nutrient status of soils in these areas and the nutrient
management options to boost the productivity of rice
based cropping systems in a sustainable manner.

Climate and soils under coastal agroecosystems..
The  National  Bureau  of Soil  Survey  and  Land  use
Planning  prepared  an  agroecological  region  map
consisting  of  21   regions  based  on  physiography,
soils,  bioclimatic,  natural vegetation,  and  length of

growing   period   (Sehgal   et  aJ.,    1992).   Coastal
agroecosystem  falls  under  the  agroeeoregions  no.
19,  20  and  21.

Plant nutritional  constraints to crop production  in
coastal  ecosystem

Coastal  salt  affected  soils  constitute  2.1  in ha
area  out  of the  total  7  in  ha  Salt  affected  soils  in
India.  The coastal  saline  soils,  earlier estimated  to
cover  2.I  in  ha  are  now  believed  to  cover  2.5  -3.0
in ha (Bandyopadhyay and Sinha,1985). About 90%
of the  coastal  saline  soils  are  in the  three  states of
Gujurat (34%),  Orissa (19%)  and West Bengal (38%)

(Yadav  et  a!.,   1979).  These  soils  are  having  pH  of
less  than  8.2,  SAR  less  than   15  and  chloride  and
sulphates of Ca and  Mg as  predominant salts.
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Acid  soils  in  India  are  mostly  distributed  in
coastal regions of India. They extend over 49 in ha,
out  of which  470/o  have a  pH  of 5.6-6.5  and  in  50%
of  them   the  pl]   is  less  than   5.5   (Panda,   1987).
Coastal acid red and lateritic soils are found mostly
in the Konkan-Malabar west coast, West Bengal and
Orissa.  Moderately acid soils under flooded rice are
not considered as problem soils since submergence
can  raise  their  pH  towards  neutrality.  These  acid
soils  are  low  in  cation  exchange  capacity,  bases,
available  NPK,  but high  in  Fe.  The  major problems
in  these  soils  are  acidity,   nutrient  deficiencies,
strong  P fixation,  and  toxicities of Fe  and,  in  some
cases,  Mn and Al as well (Maha.patra and Patanaik,
1982,  Patnaik and  Bhadrachalam,  1985).

The soils of coastal Andhra Pradesh are coarse
texturcd, porous, alluvial, dcltaic alluvial and coastal
sandy,  and  are  deficient  in  N  and  P.  Deficiency  of
Zn is  also  wide  spread.  Leaching losses of nutrient
is a  great concern  in these  areas.  The coastal  soils
of Tamil Nadu are alluvial in nature and are medium
to high in available P. Zn deficiency is predominant
in   these   regions.   The   coastal   alluvial   soils   of
Karnataka  representing  high  rainfall  areas  are
acidic.  The  soils  formed  under  high  rainfall  areas
representing  mostly   the   lateritic  and   coastal
alluvium  are  acidic  in  nature  in  Kerala.   Prc)blem
soils,  particularly  the  acid  sulphate  soils,  require
special  treatment  and  management  practice.  The
acid  sulphate  and  related  problem  soils  occupy
nearly  108000 ha in western Kerala and 280000 ha
in southern part of West Bengal (Van Breeman and
Pons,1978). These occur in the areas, which remain
submerged in most part of the year aLnd  are  situated
i-I.5  in below the  mean  sea  lcvcl.  It  is  reported  that
almost 0. 5 in ha of coastal soils of Sundarbans, which
are  saline  and  acidic,  may  be  called  potentially  acid
sulphate  soils  (Bandyopadhyaya and  Sarkar,  1987).

Due to intensive cultivation practices, secondary
and   micronutrient  deficiencies   are   emerging,
especially due to the use of high analysis fertilizers
such  as  urea,   DAP  and   high  grade  complexes.
Sulphur  is  now  considered  as  the  fourth  major
nutrient  in  crop  production  especially  in  irrigated
paddy and positive response to S in paddy has been
reported  in Andhra Pradesh  and Tamil  Nadu.

Fertilizer use  in  cropping  systems  depends  on
the  characteristics  c)I  the  previous  crop,  and  the
quantity and kind of fertilizer applied. Since the last
one  and  half  decade,   systems  approach  to  plant
nutrition  involving  integrated  use  of  all  sources  of

plant nutrients has been attempted. This is because
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single nutrient approach has often caused reduced
fertilizer use-efficiency and consequent problems of
multi-nutrient deficiencies in the exhaustive cereal-
based   cropping  systems.   Therefore,   balanced
fertilization  is  considered  necessary  for  increasing
crop   productivity  and   maintaining  soil  fertility.
Integrated  Plant  Nutrient  Supply  (IPNS)  envisaging
conjunctive use of inorganic and organic sources of
nutrients and biofertilizers is a novel system of plant
nutrient  use  for  sustaining  soil  health  and  crop
productivity.  It has been amply demonstrated by All
India Coordinated Long Term Fertilizer Experiments
Project of ICAR that integrated  use of optimal dose
of  NPK  and  FYM  ensures  better  and  sustainable
yields,  while  correcting  some  of  the  micro-  and
secondary  nutrient  deficiencies.  The  integrated
nutrient  management  and  increasing  nutrient.use
efficiency,  would  lower the cost of production. This
will  also  help   in   maintaining  soil   health   and

productivity and minimize contamination of ground
waters  with  nitrates.

Nutrient  management  under  rice-based  cropping
system

Rain fed  situations

Under  rain fed  conditions  the  grain  yield  and
response  of  rice  to  fertilizers  are  lower  than  under
irrigated condition.  An  application of 30-60  kg N ha-i

preferably  in  split  doses  in  light  textured  soils  is
considered optimum under upland conditions (Acharya
et  cz!.,   2003).  Upland  rice  is  also  mixed  sown  with
various  legumes  like  groundnut,  pigeon  pea,  green
gram and black gram in eastern India. These legumes
benefit the associating cereal crop to the extent of 25-
40 kg N hal  through biological N rixation.

Balanced fertiltzation  with  N,  P  and  K:  Under
rain fed  lowlands,  the  grain  yield  of rice  decreases
with   increase   in   water  depth   and   the  yield
stabilization occurs at a progressively lower level of
N  (Sharma,  1994).  The  response  to  N  was  found  to
be significant up to 80 kg N ha-I  in shallow  lowland

(0-30   cm   water  depth),   up   to  60   kg  N   ha-I   in
intermediate  lowland  (30-50  cm)  and  up  to  40  kg
N  ha-I   under  semideep  (50-100  cm)  to  deepwater

(>  100  cm)  conditions.  Root zone placement of N  as
urea  supergranules  or  single  basal  application  of
sulphur  coated  urea,  urea  givpsum  and  Mussoorie
phos-coated  urea  was  promising  under  lowland
conditions    (Sharma,     1994).    Application    of

phosphorus  along with  N  has been found  essential
particularly under the deficient soil and flash flood
conditions  (Reddy  et a!.,1991).  Under intermediate
deepwater,  there waLs response  to different levels of
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P in  the  first year  but in  the  second year when  the
crop was grown in the same layout as clf the previous

year,  a.progressive increase in rice yield up to 60 kg
P205  ha-I   Was  observed.  This  was  possibly  due  to
the   residual   effect   suggesting   application   of
moderate dose of P for better submergence tolerance
and  higher productivity.  Response  to  K application
has been found to be significant,  particularly in the
high  rainfall  regions  and  in  light  textured  soils  of
the coastal regions under continuous rice cropping.

Sequence  crops  after  the  harvest  of  rice  are
normally  grown  without  fertilizer  or  with  meager
dose  or N.  It is  well  known  that  nitrogen  applied  to
khari./  rice   has   little   carry   over  effect  to   the
succeeding  crops  and  therefore  it  is  necessary  to
apply required doses of N to these crops.  It does not
matter much if N is not applied to  rabi. pulses or not
but oilseeds like groundnut, mustard, sunflower and
safflower  show  good  response  to  moderate  dose  of
fertilizers.  On the other hand,  khart/rice can make
better  use  of  residual  P  because  of  its  increased
availability   due   to   higher   temperature   and
submergence of the soil.  In rice-groundnut and rice-

green   gram   cropping   system   under   rain fed
conditions, application of acidulated rock phosphate
or a mixture of rock phosphate and superphosphate
in  25:75  or  50:50  proportions  has  also  been  found
to   be   a   better   Source   of   P   compared   with
superphosphate  in  acid  soils  of  eastern  India.   In
acid  lateritic  soils  of coastal  regions,  applica-tion of`
60-80  kg  N  and  40-60  kg  P205  ha-I   is  generally
recommended.   Rice  workers  agreed  that  direct
application of powdered  rock  phosphate  i§  superior
to water soluble  sources of P from  agronomic point
of view,  Rock  phosphates  are  considered  useful  in
adding  Ca  and  Mg  in  addition  to  P  and  also  for
reducing rate of P fixation.  In the upland acid soils
of Orissa,  a  combined  use  of water  soluble  P with
rock phosphate  is also  suggested.

Jpus sgs!em.. Experiments in acid lateritic  soils
of  West  Bengal  have  shown  that  virtuailly  many
available organic resources (paddy straw, farmyard
manure,  water  hycinth  compost,   green  manure,
Azolla)  along with fertilizer promoted the growth and

yield   of  rice   (Sharma   and   Mittra,   1990).   It  was
advantageous  to  apply  straw  4  weeks  ahead  of
planting  time.   Under  shallow  lowlands  in  West
Bengal,   the  yield  potential  of  hlgh  yielding  rice
varieties under rain fed conditions was realized when
organic  manuring was  carried  out  with  the  locally
available   organic   materials   for   supplementing
fertilizer  N  up  to  50%  of the  total  crop  requirement

(75-90   kg   N   ha-1)   (Sharma   and   Mittra,    1991).
However,  under the Intermediate lowlands situation
where  the  requircmcnt  for  N  wasL relatively  lower

(60  kg  N   ha-t),   about  75-100%  of  the  crop   needs
could  be  met  by  applications  of  10  t  FYM  ha-1  or  {n
stft/ green  manuring with  dhci{.rtcha  (Sharma,  1994,
Sharma  and  Das,1994).  Such  Integrated  nutrient
supply  system  ensured  continued  availability  of  N
to  rice  throughout  its  growth   period  and   thus
eliminated the use of N  through top dressing of urea
fertilizer,   which   is  oflcn   infeasible   under  deeper
depths  of floodwatcr

Irrigated  situations

Baidneed fertilizatorL uiith  N,  P and  K:  Cropping
systems  involving   ricc   throughout  the  year  are

practised in eastern and southern states.  Since these
cereal-based cropping systems require large quantities
of nutrients  for  sustained  productivity  it  is  generally
not  possible  to  reduce  the  fertilizer  dose   for  the
succeeding crop  without appreciable yicld  reduction.

The  slow release  N  carriers like  sulphur-coated
urea  and  Mussoorie  phos-coated  urea  have  shown
a significant  residual  effect  on  the  succeeding crop
of rice  in  rice-rice  cropping  system,  but  this  alone
was  not  sufficient  to  realize  the  yield  potcntial  of
the  root. crop.  Similarly,  in the rice-wheat system  in
Kharagpur  the  result  also  showed  some  indication
of  residuaLl  effect  of  N  applied  in  the  form  of  slow
release  fertilizer  like  urea   supergranules,  and
sulphur-coated urea to khart/rice (Kolhe and Mittra,
1987)   but  for  sustained  high  level  of  productivity
the recommended level of N was needed to be applied
for  wheat  as  well.  In  an  experiment  conducted  in
Krishna  district  of  Andhra  Pradesh  on  coarse
textured  soil  it  was  suggested   that  appropriate
integrated nutrient management strategies (Reddy,
1990) would include growing of green manure crops
in  off  season,  using  coated  urea,  placing  N  in  the
root zone, use of soil application and foliar spraying
in  case  of Zn  for  immediate  productivity  and  long
range of soil fertility maintenance (Table  1).  In highly
acidic saline soils (low in available P) in coastal West
Bengal,  studies indicated  that lining of soil up to  I/2
SM (Shoemaker's) level and application of high doses
of P fertilizers could improve rice yield . The beneficial
effect  of  rock   phosphates  was   not  immediately
reflected but its effect was observed after a few initial
croppings.  It was also observed that soil pH improved
due to liming and application of rock phosphate but
decreased  subsequently  due  to  discontinuation  of
liming  which  indicated  that  lining  was  necessary
after a few years.  They also  indicated  that liming of
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Table  1.  Ej:ficten(`y of Various nutrient managemerLt methods (average of three years)
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Method  of nutrient manaigement Grain  yield  (kg  ha.1) Cost  (Rs.  ha-I)* B:C  ratio

Soil  incorporatlon  of green  gram 5031   (4742) 250 2.31

Soil  incorporation  of sunnhemp 4961  (4724) 250 1.89

Neem  coated  urea  in  rice  (50  50:0)  @,100  kg  N  ha-I 5193  (4720) 150 6.30

Urea  +  soil  (1:5)  in  25:50.25  split (i-i)   loo  kg  N  halt 5228  (5023) 30 13.66

Root zone  application  of urea  solution @  100  kg  N  ha.I 5790  (5185} 80 15.12

Zinc  sulphate  in  moderate  deficient  soils @  50  kg ha-I  ** 5177  (4035) 183 12.41

Zinc  sulphate  in  saline-alkali  soils @  loo  kg ha-I  ** 4590  (1805) 367 15.17

Three  sprays of zinc  sulphate  rti)  I  kg ha-I 5240  (4615) 230 9.61

per application  at  15-30  D^T

1644  (1397) 200 9.88Gypsum @  500  kg ha-1  at  pegging  stage  in  rabt groundnut
I Additional  cost  of technology  (values in  parentheses are mean  check yield)

** Average  of three years

acid  soils  of  Sundarbans  may  not  render  much
benefit  to   rice   cultivation,   rather  it  may  c`ause
deficiency  of  several  micronutricnts  especially  Zn.
At  Kharagpur  there  was  only  a  marginal  response
to  direct  application  of  P  on  rice  (3-6  kg  grain  per
kg  P205)  and  the  resldual  effect  on  the  succeeding
wheat  or  gram  was  also  not  appreciable  to  realize
their high yields.  Evaluation  of rock phosphate as a
source of P in rice-rice or rice-wheat system indicates
that  there  is  a  tremendous  potential  to  go  in  for
direct application of ground rock phosphate in most
neutral to acid soils (Randhawa,1992).  Since critical
soil test values of P dirfcr greatly for rice and wheat,
these   should   be   determined   and   advocated
separately while making fertilizer recommendations
in  such  cropping  system.

There  arc  indications  of dcplction  of native  soil
reserve  K in  soils of Barrackporc and  Bhubaneswar
despite   the  continuous   application   of  inorganic
fertilizers.   Studies  carricd   out  in   13hubaneswar
showed   that   higher   doses   of  K   are   extremely
important for  sustaining rice-rice  productivity.  The
need  for  sulphur  application  has  been  established
by    LTFE    experiment    al    13arrackpore    and
Bhubaneswar  due  the  continuous  use  of  sulphur
free   NI'K  for  obtaining   sustained   high  yields   for
dominant  cropping  systems  of  the  agro-ecological
regions  reprL`sented  by  thcsc  centers  (LTFE,  2000).

Iron   toxicity   is   a   major  problem   in   coastal
lateritic acid soils of India.  Tl`crrous Fe concentration
above   (300-500   ppm)   has   bccn   measured   in  the
solution   of  several  soils.   It  occurs  in   Karnataka,
Kcrala,   Orissa  and   West   Bengal.   An  example  of
manmade   l``e   toxicity   was   found   in   Goa   where
negligent iron ore mining has rcsultcd in fertile soils

overlain   by   ore   waste   through   erosion   and
deposition.  Iron toxicity by itself is rather a complex

problem  and  is  often  related  to  insufficient  supply
of P,  K,  Zn  and  some times  Ca and  Mg rather than

just  a  high  level  of  active  iron.  Several  corrective
measures  have  been  suggested  to  overcome  iron
toxicity  in rice.  These  include  lining,  application of
Mn02, P and K (Patra and Mohanty,  1989).  In Orissa,
60 kg of K20 ha-I  was reported  to correct Fe toxicity

(Panda  and  Nanda,   1985).   Survey  conducted    on
fertility   status   of    coastal   sandy   soils   growing

groundnut  in  Andhra  Pradesh  revealed  that  these
soils  were  predominantly  low  in  available  N,   P,  K
and   Ca.   The  deficiencies  of  S  and  Zn  are  also
emerging  at  alarming  rate  (Jamuna  e{ ci!.,  J984).

At Monokompu, Kerala, 90 kg N per ha through
urea  applied  in  splits  (50%  basal  +  25%  each  at  30
DAT  and  PI  stage  or  50%  at  DAT  +  25%  each  at  30
DAT  and  PI  stage)  gave  the  highest yield  of 4  t ha-I

(Ittyavirah  et al„  1979) . Applicatlon of 60-80 kg P205
ha-I is also needed. Availability of zn in acid sulphate
§c)ils  is  low  because  of inherent  low  Zn  content  or
as  a  result  of liming.  To  correct  the  Zn  deficiency,
either   soil   or   spray   application   is   needed.
Ammonium  acetate  extractable  iron  in  these  soils
has  been  reported   to  be  in  the  range  of  184-562

ppm  (Ghosh  ef  az.,   1976).  The  adverse  effect  of high
concentration of ferrous Fc in the root zone can be taken
care  of by  lining,  P  and  K application,  and  drainage.
Low  to  moderate  toxicity  in  the  early  stages  can  be
corrected by spraying 0.2-0. 5% Mns04  solutions.

JPIVS sustem..  Nutrient use  efficiency was  found
to   increase   considerably  with  combined   use   of
organic  and  inorganic  sources  in  red  and  lateritic
soils  under  rice~ricc  sequences  of  coastal  Orissa
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(Panda  and  Sahu,   1989).   Results  of  long  term
experiments  under  different  crop  sequences  in
alluvial,  red  and  lateritic  soils  of  coastal  eastern
India revealed that NPK + FYM was superior to  150%
NPK  in  sustaining  high  crop  yields  (Table  2).  The
availability of soil nutrients also showed a build-up
in soils receiving organics and inorganic§ compared
to  those  receiving inorganic  fertilizers alone  ITable  3)

(LTFE, 2000). At Navasari, in coastal Gujarat under
rice-wheat  system,  the  highest  grain  yield  of  rice
(3.7  t  ha-i)  was  recorded  under  50%  NPK  +  50%  N
as FYM followed by 75% NPK + 25% N as FYM which
were  however  at  par.  In  wheat,  the  highest  grain
yield  (2.5  t  ha-I)  was  recorded  under  75%  NPK  +
25%  N  as green organic  matter.

A Study conducted  by CSSRI  at Canning Town
West  Bengal  on  integrated  nutrient  management
strategies  for  rice-based  cropping  system  in  salt
affected soils suggested that application of chemical
fertilizers  supplemented  through  organic  manure
produced   significantly  higher  rice  yield   than
chemical fertilizers alone. Grain yield of rice through
application  of  city  compost  (1.53%  N)  plus  urea,
applied  in  ratio  of  3:1  in  terms  of  N  equivalence,
was  the  highest  (4.26  t  ha-I)  among  all  treatments

producing  nearly  50%  higher  yield  over  control
(farmer's  practice,  20  kg  N  ha-I)   (Bandyopadhyay

and  Maji,  2001-2002).  In  another study  in  coastal
saline   soils  of  SundarbaLns,   the  role  of  organic
materials (G!9ric].da sp,  Exoecaria sp and mixture of
locally  available  tree  leaves)   supplementing  N
requirement  in  wetland  rice  was  evaluated.  It was
observed that the organic materials were beneficial
in reducing 50% of urea needed to rice crop without
reduction  in  crop  yield  (Babu  and  Rao,   1996-97).
Under    AICRP     Cropping    System     study    at
Bhubaneswar,  during  khan/ rice,  maximum  yield
(5.56  t ha-I)  was recorded under 75% NPK +  25%  N
as green organic matter followed by 50% NPK + 50%
N as green organic matter. However 50% NPK + 50%
N as FYM was statistically at par with recommended
NPK.  Yield  recorded  under  50%  NPK  +  25%  N  as

green  organic  matter  were  at  par with  50°/a  NPK  +
50% FYM  in rice-rice  system.  Crop yield data under
integrated nutrient management are shown in Table
4.  From  similar study at  Karjat,  coastal  Gujarat,  it
was  reported  that  full  dose  of  NPK  recorded  the
highest yield  (6.26  t ha-I)  followed  by 50% and 75%
N  substitution of recommended  NPK in the  form of
FYM.  The  yield  reduction  under  these  treatmel)ts
was  21.1%  and  22%,  respectively  during  khart/.
During robi`, yield under recommended NPK and 75%
NPK  +  25%  N  as  FYM  were  at  par,  whereas  0.8%

yield  reduction  was  noticed  for  50%  NPK  +  50%  N
as crop residue over recommended NPK. At Karmana

Thbto 2. Long terTn effect of orgarucs and inorgarue marLurmg on grain yiezd (i ha 1 ) Of crops

Locatlon Crop 100%  NPK 150%  NPK 100%  NPK  +  FYM

Barrackpore  (AIluvial)( 1972-98) Rice 3.9 4.3 4.I

wheat 2.4 2.9 2.5

Jute 2.2 2.3 2.2

Bhubancswar  ( 1973-1994) Rice 2.8 3.0 3.5

RIce 3.0 3.3 3.7

Table 8. Fertilizer use and chc.nges in rtutnent ciuatlabtlitu of soils of eastern India (LTFE,  1972~1994)

Location/fertilizer Changes (±)  in the available nutrient status of
soil (kg ha.1)  compared to the initial valuetreatment

N P K

Barrackpore  (Alluvial)
+105 +8 +55

NPK  +  FYM

NPK +101 +5 +52

NP +loo +15 -9

N +85 -18 -47

Bhub an eswar  ( Lateritic)
+98 +22

NPK  +  FYM

NPK +47 +26

NP +63 +6

N
- -24 -10
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Tc.ble 4.  Crop gtelds  (t ha:I i +n farmers' fields wtth tntegrated use Of marmres clnd
fertilizers _in the eastern c:oastal regioTLs of India
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Locatlon Nutricnts  added  through` 1994-95 1995-96

Rice  (K) Rice  (R) Rlce  (K) Rlce  (R)

West  Bengal I.`ertilizer  (NPK) I.8 4.6 2.8 '5.I

(Midnapur) Pert  +Green  manure  (GM)* 2.3 51 3.2 6.1

Increase/decrease  (±)  over  NPK (+0.5) (+0.5) (+0.4) (+  1.0)

Orissa  (Puri) NPK 4,0 1.6 3.1 4.2

NPK+GM 5.4 2,0 35 45
Incrcasc/di`crcase  (±)  over  NPK (+  1  -4) (+0  4) (+0.4) (+0  3)

NPK

Rlce Groundnut Rlce Groundnut
3.1 2.4 31 3.2

NPK+GM 3.4 3.3 4.0 2.8

lncrcase/decrease  (±)  over  NPK (+0.3) (+0.9) (+0.9) (-0-4)

K  =  Kha/I/,  R  =  Rabi;  *  Dhaincha  (Sesbari['ci  ciculeafa)  grown  and  ploughed  45  days before  khan/rice

in  coastal  Kerala,   under  rice-rice  system,   it  was
observed  that  the  highest  yield   (5.6   t  ha-i)   was
recorded  under  50%  NI'K  +   50%  as  green  organic
matter  during   khcin/.   Integrated  nutrient  sources
recorded  increase  in  yicld  over  recommended  NPK
lo  lhc  tune  of 9%,  7.4%  and  2.39%  under 500/o  NPK
+  50%  N  as  crop  residues,  750/o  NPK  +  25%  N  as
crop  residues,   and   50%   NPK  +   50%   N  as  green
manuring,  respcctivcly,  ln  rab]., 50% NPK+ 50% crop
residues  recorded the highest yield  (4.25 t ha-I) and
9%  increase  in  yield  over  recommended  NPK.

several crops and plant species have been used
as  green  manures  in  rice-based  cropping  systems.
Some common leguminous grccn manure crops are:
Sunnhemp  (Crofozarla/I/ricea),  Dhaincha  (Sesbcimci
cicttlecztci),  Mung bean,  Cowpca.  Bcrseem,  etc.  These
when  incorporated  six  to  scvcn  weeks  prior  to  rice
transplanting  benefits  crops   in   terms  of  yield,
nutrient use efficiency and building up of soil health.
Results  from  various  studies  clearly  indicated  the
benefits (Table 4)  of integrated use of green manures
and  fertilizers  (Sarkar,1998).

Lime  and  fertilizer applications  are  required  to
obtain good yield in acid suphate soils.  Flushing the
soil   wherever   possible   can   also   reduce   the
concentration  of  toxic  salts.   Ii`ielci  experiment  with

green  manures  conducted  at  Mannuthy,  Kerala  in
a  highly acidic  soils  (pH  4.9)  lo  study the  effect of [`71
situ   incorporation   of   czhcz!`nchci   in   presence   and
absence  of inorganic  fertilizers  on  rice  production.
Results indicated that the  highest grain yield  of rice

(29.6%   increase  over   dha[`ncha  application   alone)
was recorded with treatment combination containing
half of the recommended fertilizer dose (35,17.5,17.5
kg ha-t,  N,  P205 and  K20,  respcctlvely)  supplemented
with  dhal.nchc!  in s[tu  Incorporation  (Table  5).

Table  5.  Gram uie[d of nee c.s mfoueneed by
dhaincha mcorpoTation uiith and

ujit hout f ertilize rs

Treatment Grain  yield(kgha-i) %  Increase

Dhaincha alone 3246 -
NPK  (70-35-35n  kg  ha-I) 4129 27.2

Dhal'ncha  +  70-35-35n  kg ha-1) 4208 29.6

CD  (p=0.OS) 490

In  trials  under  rice-based  cropping  system
conducted  at  ICAR  Research  Complex  Goa,  it  was
observed that rotating groundnut with rice increased
the  grain  yield  of  subsequent  rice  crop  markedly.
Also  rice  grown  under  recycled  paddy  straw  with
mushroom   substrate   in   2:1   ratio   consistently
registered  higher  productivity  (4.5  t  ha-I)   (Samra,
2004).  Among  the  different  cropping  systems  tried,
rice-brinjal  system  produced  the  best  productivity
level   particularly   under   recycled   FYM.   It  was
observed   that  rice-cowpea   system   was  the   best
under  residual  moisture  condition.

Yield  levels  with  nutrient  uptake  and  balance

Balanced   fertllization   u)ith   N,   P   and   K:
Production potential of rice-based cropping systems
depends on the availability of assured irrigation and
other  essential  inputs  like  fertilizers.  The  average

productivity  of  the   dominant  rice-rice  cropping
system in  southern  India has been reported to vary
from  7.4-9.4   t  ha-I,   whereas   that  of  rice-wheat
system in northwestcm  India  ranged  from  7.5-11.2
t  ha-'.   Nutrient  uptake   data  provide   a  reliable
estimate  of  nutrient  requirement  of  a  crop  which
thus helps in formulating fertilizer recommendation
schedules   in   multiple   cropping   systems.   At
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Bhul]aneswar  under  rice-rice   cropping  it  was
revealed that during  khari/,  the effect of NPK levels
was  highly significant at 80 kg ha-i, 40 kg ha-I and
40  kg  hall,   respectively.   During   rabt.,   NPK  levels
effect  was  significant  at   120,   80  and  40  kg  ha-I,
respectively.   Similar   study   by   AICRP-CS   at
Karmana,  Kerala showed  that highest grain yield of
kharl/ rice  was  attained  with  application  of 80  kg

:::-:ifg¥if::fn:°Hko8w:':epr:°d5ur'|::rcaf;et:t8:fkKg2:a¥aosf
P20s  was  at  Par  with  40  kg  ha-I  of P205.

Cropping systems involving cereals remove large

quantities  of nutrients  from  soil  and  thereby  may
lead   to   impoverishment   of  fertile   soils   under
situation   of  lmbalanccd   and  'improper  use   of
fertilizers.  Nutrient  balance  in  different  rice-based
cropping  system  indicate  that  removal  of N  and  P
almost    equals    the    amount    added    at    50%
recommended level of NPK but at higher levels (100-
150% NPK), there is an increasingly positive balance

(Prasad,    1994).    The    coastal    saline    soils   of
Sundarbans (soils rich in available P and K) generally
did  not  respond  to  the  application  of  P  and   K
fertilizers.  But  the  long  term  study  suggested  slow
but gradual decline  in availablc  P status of the  soil
due   to   continuous   omission   of  P   fertilizers.
Applicatlon  or  omission  of  N  fertilizer  also  didn't
show  any  effect  on  the  available  N  content  of the
soil. The result suggested  that application of P @  11
kg ha-I  for  each  crop  of rice  and  5  kg  ha-t  for  each
crop  of  maize  was  necessary  for  maintaining  P
fertility  staitus  of coastal  soils.  Application  of N  for
each  crop was,  however,  essential  for higher yield.
Application  of K  may  be  omitted  without  affecting
the  yield   of  crops  and   K  fertility   status  of  soil

(BandyopaLdhyay   and   Burman,   2004-05).   At
Navasari,  Gujarat  experiment  was  conducted  by
AICRP-CS   to   determine   the   frequency   of   P
application  for  judicious  use  of  P  fertilizer  under
rice-rice  system.  Results  revealed  the  highest grain

yield   (4.29  t  ha-i)  of  rice  under  P  application  in
alternate  years   during   *hcir{/  followed   by   P
application   in   alternate  years  in   rabi.  only  as
compared  to  P  application  during  both  Jchcin/ and
rabi..  The  percentage  yield  increase  for  the  above
treatment was the highest at 8.74% as compared to
P application  during  both  Jchan/ and  rcibi.

JJ'IVS  system  ..  Organic   manuring  with   FYM
improved  the  stat±is of organic  carbon  and -total  N,
but  in  the  un-manured  plots,  these  were  stable
around  the  original  level  (Sharma  and  Sharma,
1993).  Therefore,   a  positive  nutrient  balance  and

gradual  build-up  of  soil  fertility  through  Judicious
application   of  chemical   fertilizers   along   with
available  sources  organic  matter  and  inclusion  of
legume in a rice-based cropping systems would help
in  sustaining  productivity  at  a  higher  lcvcl.

Pattanayak   ef  ciz.   (2001)   reported   that   in   a
medium  land  sandy  acidic  soil under  rice  c!ha].richo
and  azolla  were  better  green  manure  crops  than
sunnhemp.   Further  the   P   sources   like   single
superphosphate  (SSP) and  Udaipur rock phosphate

(URP)   mixture   in   the   ratio   1:1   was  more  efficient
than  the  lone  source  of  URP  and  as  good  as  lone
application  of  SSP  in  influencing  their  biomass

production, N addition, and recycling of nutrients like
P,  K,  Gal and  Mg which bcnefited the  subsequent rice
crop with increased yield and N economy (Table 6).  In
rice-rice  experiment  at  Bhubanswar,  highest yield
of rice  during both  khanrand  rabt. was recorded  to
the   tune   of   4.9   t   ha-I    and   5   t   ha.t   under
recommended     dose     of    NPK     +     cellulolytic
microorganisms, followed by the recommended dose
of  N  +  F`YM  5  t  ha-I  applied  during  khariJ and  the
recommended  dose  of  N  +   20  kg  extra  N  through
incorporation   of  crop  residue   during   rabt.   Both
recommended   dose   of  N   +   FYM  @  5   t   ha-i   and
application of N + 20 kg extra N were at par statistically
in  terms  of system yield  (Anon„  2003-04).

Table 6. Yield of nee as affected bg uarious green marurre crops fertilized with drfferer(i P source

Source  of P Cirain  yield  (q ha-I)

NoGM Dhamcha Sunnhemp Azolla Mean

SSP 29.5 35.7 32.2 36.0 33.4

URP 27.3 346 31.8 33.8 31,9

SSP+URP 30.0 36.2 31.8 35.8 33,9

Mean 29.0 34.5 31.8 35.2

CD  (p=0.05) P-Sources GM P-sources x  GM

1,37 1.58 2.73

SSP:  Single  super  phosphate;  URP:  Udaipur  rock phosphate
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Continuous  rice  cropping  and  soil  fertility

lt   is   commonly   believed   that   continuous
cropping  with  rice  using  heavy  doses  of  chemical
fertilizers  over  a  prolonged   period  results  in  soil
fertillty  deterioration   and   exceedingly  low  crop

yields.  This  has  been  found  to  be  associated  with
poor  soil   physical  conditions  and   imba.lance   in
micro- and secondary nutrients and build-up or soil
acidity.   Application   of  N   alone   failed   to   achieve

productivity level even equal lo  the control plots (no
N) after  12 years in ricc-rice and rice-wheat cropplng
systems  (LTFE,  2000).  In a  long  term  experiment in
Bhubaneswar in  latcritic  soils it was  observed  that
intcgratcd   use  of  FYM  @   10   t   ha`]   and   chemical
fertilizer  in   khar!/ did  not  result  in  higher  yield,
although   produced   more   stable   production.
Response  to  P appeared  only after the  8th cropping
cycle  when  Olsen  P  level  dccrcased  to   15  kg  ha-I.
There  was  a  greater  response  to  P  in  rabt.  season
and  K  came  up  as  the  most  limiting  factor in  crop

production  (Schoo  ef aJ.,1998).  Application  of lime

@   11   t  ha"   in  alternate  years  arrested  the  slow
building  of  soil   acidity,   allcviatcd   F`e   toxlcity  and
Improved  productivity  signifirantly.  The  integrated
use of lime, organic manure and  chemical fertilizers
with emphasis on  K and  S  in  khar[/and  P and 8 in
rclbi  resulted  in  sustained  productivity  of  rice-rice
system  in  coastal  Orissa.

In  rice-based  cropping  system  productivity  of
crops  Improved   gradually   by  the  use   of  organic
manures.  Incorporation  of l<`YM at  10-15 t ha-I  along
with   100%  NPK  dose  producc`d  an  additional  yield
of 0  3-0.6  t  ha-i  over  150%  NI'K  dose  in,  rice-wheat
and  rice-rice  cropping  systems   (Nambiar,   1985).
Further,  results  showed  that yield  of rice  increased
initially  for  a  few  years  with  NPK  application,  but
subsequently  the   productivity  started  decreasing

particularly when no fcrtilizcr or only N was applled.
On the other hand,  there was a progressive Increase
in   yicld   with   applicalion   of   li`YM   along   with
recommended  doses  of  NI'K  fcrtilizcrs  (Prasad  and
Power,  1994). Therefore,  to stabilize  crop yields at a
high   level   without  dctcrioration   of  soil  health,
application   of  NPK   fertilizers   at   optimal   rates
accompanied  with  FYM  is  recommended.  Build-up
of available  P  and  K  is  often  noticed  in  those  rice-
based  cropping  systems,  which  included  potato  as
c)ne   of   the   component    crops    (LTFE,    2000).
Applications of industrial wastes,  viz.  paper  factory
sludge  (PPS),  fly  ash  (FA)  and  nee  husk  (RH)  along
with farmyard  manure (Ii`YM)  and  mineral fertilizers

(MF)  in  an  acid  lateritic  soil  Improved  growth,  yield

19

attributes, yield and nutrient uptake of both crops,
rice  (wet  season)  and  groundnut  (dry  season)  in  a
two-crop system  (Karmakar  €t aJ.,  2003).  The study
also   indicated   that  such   integrated   nutrient
management  system  improved  soil  health  with
respect  to  bulk  density,  pH,  organic  carbon  and
available  nutrient content of soil

lpNS packages for nutrient needs of dominant rice-
based  cropping systems  in  coastal  ecosystem

The  IPNS  system  reduces  the  production  cost
by  saving of costly chcmical  fertilizers,  ensures  soil
health   and   minimizes   environmental   pollution.
Sharma  and  Biswas  (2004)  reported  IPNS  package
for  various  rice-based  cropping  systems  under
various agroclimatic zones.  Here, we presented some
of  the  pertinent  packages  based  on  rice-based
cropping  under  coastal  ecosystems  (Table  7).

CONCLUSION

Under conditions of fertilizer scarcity and higher
cost,  economic  use  of fertilizers  and  their  efficient
management is of greater significance. Extensive use
of  moderate   to   low   doses   of  fertilizers  with   an
assured  return  is  preferable  to  high  inputs  with
comparatively lower and/ or risky monetary returns.
Some  guiding  principles  for  efficient  fertilizer  use
in  rice-based  cropping  systems  are  as  follows:

I.      Nutrients  applied  once  in  a  cropping  system
should be given  to most responsive crop having
high requirement for that nutrient e.g. N should
be  applied  to  both   the  crops  in  rice-  cereal
system,  P to  root./summcr legumes,  and  P and
K  to  potato.  Further,  organic  manures  should
be applied  to  *har[rrice because of their better
decomposition  and  assimilation.

2.     While  fertilizer  use  is  a  must  for  higher  crop

production,  imbalanced  use  should  be avoided
based  on  soil  test  in  order to get better results.

3.      Soil fertility and productivity can be maintained
and  improved  through  the  conjunctive  use  of
available  renewable  sources  of plant  nutrients
and chemical  fertilizers.  A reduction  in  the  use
of chemical fertilizers through such combination
should  be  made  for  enhancing  nutrient-use
efficiency,  besides  for  being  cost  effective  and
rational  in  using farm  resources.

4.      In  the  exhaustive  rice-cereal  system,  legumes
should     be     suitably    fitted    to    augment
productivity and  maintain  soil  fertility   Legume
residues  should  be  returned  to  the  soil  after
harvest  or  a  green  manure  crop  can  be  raised
before  khan/ rice,  wherever  feasible.
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Table  7.  RecomTneridecl IPNS package for coastal ecosystems

Cropping  system Fertilizer  recommendation IPNS  package

Lower  Gangetic  plains  (mainly  plans  of Bengal;  alluvial  and  red  and  lateritic

Rice-Rice

Rice-wheat

LJute-Rice-Potato

Rice.  80  kg  N  +  60  kg  P205  +  40  kg  K20  ha  1

Rice  (HYV):   120  kg  N  +  80  kg  P205  +

60  kg  K20  ha  I

Rice   80  kg  N  +  60  kg  P20s  +  40  kg  K20  ha  1

Wheat   120  kg N  +  60  kg  P20s  +  60  kg  K20 ha  I

Jute   40  kg  N  +  20  kg  P205  +  40  kg  K20  ha  i

Rice    60  kg  N  +  30  kg  P205  +  30  kg  K20  ha  i

Potato.  180  kg N  +  80  kg P205  +  120  kg  K20 ha  I

Rice:   60  kg  N  +  40  kg  P20s  +  30  kg  K20  +  FYM

C" @i  10  t ha-1  +  20  kg Znso,  ha  '.

Rice:  90  kg  N  +  80  kg  P20s  +  60  kg  K20  +  AZolla

@   10  t  ha-I

Rice:  40  kg  N  +  45  kg  P205  +  30  kg  K20  +  FYM/

GM @  10  t ha  I  +  azolla@  10  t ha  I /BGA (I)  10 kg

ha-I  +  20  kg  Zns04  ha-1

Wheat:  90  kg  N  +  45  kg  P20s  +  45  kg  K20  ha  I

Jute:  30  kg  N  +  li`YM  @  5  t  ha  1

Rice:  30 kg  N  +  30  kg P205  +  30  kg  K20  +  azolla @

|0  t  ha  1/13GA @  10  kg  ha  1  +  20  kg  Zns04  ha-I

Potato:   150  kg  N  +  40  kg  P205  +   loo  kg  K20  +

FYM @ 5 t ha-I  + seed treatment with azotobacter
and  PSB

East  Coast Plains  and  Ghcits  and West  Coast  Plains  Regions  (Red  and  Lateritic  and  alluvial  soils)*

Rice' Rlce

Rice-Pulses

Ricc    loo  kg  N  +  30  kg  P20s  +  30  kg  K20  ha-I

Rice:   120  kg  N  +  60  kg  P205  +  40  kg  K20  ha  I

Rice:   100  kg  N  +  30  kg  P205  +  30  k8  K20  ha  I

Pulses:  20  kg  N  +  40  kg  P205  +  20  kg
K20  ha.I   +  rhizobium

Rice;   75  kg  N   +   15  kg  P205  +   15  kg  K20  +   FYM

Green  manure rtj  5  t  ha-I

Rice:  90  kg  N  +  60  kg  P205  +  40  kg  K20  +  azol[a

©  10 t ha 1  /  BOA @  10 kg ha 1  + 20 kg Zns04 ha I

Rice:   25  kg   N   +   15   kg  K20   ha-I   +   pulse   crop

residue incorporation  +  azolla@  10 t ha-I  /  BOA

@  10  kg  ha-I

Pulses:   10  kg  N  +  20  kg  P205  +  10  kg  K20  ha  I  +

rhlzobium  +  2.5  t  FYM  ha-1  +  500  g  PSB  ha-I

*  Liming @  3-4  q ha-1  in furrows at the  time  of sowing for  soils having pH

5.      Deterioration  of  soil  health  can  be  checked  by
efficient  use  of  fertilizers/manures  (farmyard
manure),  appropriate  cultural  practlces,  and
selection  of  suitable  fcrtility  building  crops  in
rice-based  cropping  system  in  coastal  India.

6.     Acid  sulphate  soils  can  be  managed  by  split
application   of   N   fertilizcr   in   rice,   foliar
application of Zn and possible drainage to flush
out the  excess  salts.

7.     Integrated   use   of   nutrient   rna.nagement
schedule   should   be   followed   to   avoid   any

possible  deficiencies  of  major,   secondary  and
micronutrients.   Green  manuring  should  be
followed  to  reduce  P  fixation  and  Fe  toxicity  in
coastal  acid  soils.

Future research work

IPNS  strategies  for  adoption  in  coastal  regions
of India for  rice  based  cropping  systems  :

1.      Limingor farmyard manureuse alongwith NPK
fertilizers

2.     Use  of crop  wastes  with  organic  manures with
NPK  fertilizers  in  rain fed  areas

3.      Use  of  8,   Mo  and  lime  and  organic  manures
with  NPK  fertilizers  in  vegetable  crops

4.     Green  manuring/organic  manuring  with  rock

phosphate  application  in  rice  along with  N  and
K  fertilizers

5.      Use of lime,  P and  Mo and  I?hfzobiL(in culture in

pulses  besides  N  and  K  fertilizers
6.      Development  of  appropriate  cultivars  and

formulation  of  their  nutrient  management
schedules  under  rain fed   and   problem   soil
conditions

7.      Development  of  more  efficient  and  economic
integrated  plant  nutrient  management  system
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using   locally   available   organic   sources   in
conjunction   with   chemical   fertilizers   for
realizing  high  productivity  simultaneously
enahncing  soil  quality

8.     Application  of  micronutrients  and  secondary
nutrients  whose  deficiencies  are  gradually
becoming  more  widc  spread  in  the  intensive
cropping  systems

9.      Constant  moniloring  of  soil  available  nutrient
along  with  micronutricnts  and  their  balance
sheet should be worked out under different soils
and  climatic  conditions

10.   The  positive  gains  from  the  organic  manures
should  be  worked  out  with  respect  to  the  soil

physical  condition
11,   Use   of   modern    scientific    tools    such   as

biotechnology   and   gcnelic   engineering   to
develop new plant types which are efficient user
of nutrients both from soil and atmosphere side-
by-side  resulting  in  higher  grain  yield

12.   Soil  quality  assessment  through  development
of suitable soil quality indices under rice-based
cropping  systems  in  coastal  eco-systems  for
sustainable  crop  production
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Management  of  rainwater  is  central  and  crucial  that  forms  the  basis  for  improvement  in  the
coastal  region  of the country.  Integrated  natural  resource  management appears to  be a correct
approach  for  watershed  management.  However,  looking  to  the  small  land  holdings  in  coastal
ecosystem,  farming  system  approach,  in  particular,  seems  to  be  more  appropriate.  It  is  an
integi.ated approach for rainwater management dealing with on-farm storage of excess rainwater
during  monsoon season and  recycling the same for irrigation of crops during deficit periods in
dry  season  with  the  objective  to  introduce  multicropping  and  mumple  use  of  water  in  the
otlierwise  predominantly  monocropped  rice areas.  The  application  of a  user-frlendly computer
software (RAINsllvl), developed for this purpose based on study at Central Soil Salinity Research
Institute,  Regional  Station,  Canning Town, West Bengal,  is  illustrated for assessing the extent
of  waterloggjng/drought  periods,  optimal  design  of  on-fai.in  reservoir,  simulation  of  surface
drainage   improvement,   estimation  of  supplemental   irrigation,   crop   planning  and  optimal
allocation  of land  and water.  In  another study at llT,  Delhi,  application  of modern  tools such  as
remote  sensing  and  geographical   information  system  was  found  to  be  helpful  in  mapping
Jowlying  lands,  wetland  vegetation  and  forest  cover,  crop  yield  estimation,  and  in  assessing
performance of the irrigation/drainage systems. As an overall strategy,  it is  important to evolve
location specific farming system components through systems engineering for maximizing  net
retiirns  to  the  farmers.

(Keg ulorFs : IrLte gra_led u)a±er menagement, Farming system approach, Water productivirty, Sof aware
on_ u)ater haruestmg & recycling, Crop calendar, Draincige assessment, Use Of satellite data, Estmcmon
of crop yield and water logged /  salt aj`f acted tar.d)

The  agriculture  in  the  coastal  ecosystem  is
predominantly  rain fed  in  nature,  characterized  by
excess  water  during  the  rainy  season  followed  by
acute  water  scarcity  in  the  post-monsoon  period.
This  poses  severe  thrcal  to  improved  agricultural

production  as  well  as  productivity.   On  the  other
hand, coastal regions are seen as the potential areas
for bridging the  expected  shortages in  the  national
food  production  in future due to high rainfall which

provides scope to increased agricultural productivity
which  is  low  at  prcscnt  (Table   I).  Management  of
rainwater   is,   therefore,   central   and   crucial

particularly  with   regard   to   the   small   holdings
generally  occurring  in  the  coastal  ecosystem.  This
calls   for  development  of  strategic   technological

packages  based  on  integra
management suiting to diffcre :,t`,

d   natural  resource
coastal subsystems.

Integrated   natural   resource   management,
watershed management or farming system approach
are the terms often used synonymously though their
dimension  of  area  vary  from  basin  to  farm  scale.
Inlegratcd  natural  rcsourcL`  management  may  be  a
correct   approach   for  walcrshed   management.
I]owever,   looking  to  the   small   land  holdings   in
coastal  ecosystem,   farming  system  approach,   in

particular,  seems  to  be  more  appropriate.  It  is  an

Integrated  approach  for  rainwater  management
dealing  with  on-farm  storage  of  excess  rainwater
during monsoon season and recycling the same for
irrigation  of  crops  during  deficit  periods  in  dry
season with the objective to introduce multicropping
and   multiple   use   of  water   in   the   otherwise

predominantly  monocropped  rice  areas.  Since  rice
is  the  main  cropping  system  in  the  entire  coastal
region,  focus  needs  to  be  reoriented  towards  an
integrated  planning  for  rice-based  crop  planning
which  may  be  compatible  with  the  available  land
and  water  resources  for  improved  and  sustainable
productivity. The strategy for management of natural
resources  consists  of  construction  of  drainage
embankments,  reduction  in  surface  waterlogging,
rainwater  conservation,  provision  of supplemental
irrigation,   precision  farming,   farming   system
approach,  optimal  land  and  water  alloca.tion.  The
application  of  user-friendly  computer  software,
RAINSIM,  developed  for  this  purpose,  is  illustrated
in the Sundarbans delta, West Bengal for assessing
the extent of waterlogging/drought periods, optimal
design  of on-farm  rcscrvoir,  simulation  of  surface
drainage improvement,  estimation of supplemental
irrigation,  crop  planning  and  optimal  allocation  of
land  and  water.
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Table  1. Rice productiurty in coastal lri,dia

Region/crops Average  landproductivity` Experim ental productivity Reference  for  water productivlty

Land Water

(kg/m2) (kg/m2) (kg/m3)

West  Bengal 0.25 0.50 0.36 Ambast  et aJ.  (1998)

Orlssa 0.16 0.56 0.21 Kar  et  aL  (2004)

Andhra Pradesh 0.30 0.59

Tamil  Nadu 033 0.53

Kerala 0.22 0.57 -

Kamataka 0.22 0.53 0.61

M aharashtra 0.18 0.45 - Manjunatha  e{  aJ.  (2004)

GUJarat 0.15 0.56 -

All  India 0.28 0.58 -

Crop  water  productivity  (kg/m3)  =  Yield  (kg/ha)/Water consumed  in  ET+Losses  (m3/ha)
I Based  on  Statistical Abstract  of India,  2003

Application  of  modern  tools  such  as  remote
sensing  and  geographical  Information  system  may
be helpful in lowlying lands, wetland vegeta.tion and
forest  cover mapping,  crop yield  estimation,  and  in
assessing the performance of the drainage systems.
Further,   micro-zoning  should   be   the   basis  for
effective  implementation  of  the  Integrated  natural
resource  management  in  Improving  the  coastal
agricultural  productivity.

Coastal  ecosystem

The  National Bureau of soil Survey & Land Use
Planning  of India  (Sehgal  ef aL   1992)  has  brought
out  a  21  zone  agro-ecological  regional  map  of  the
country,  essentially  based  on  physiography,  soils,
bioclimatic   types,   and   growing   period,   which
influences the supply of water for plant growth. The
zones  coming under  coastal_ecosystems  are:

/a/    Easf€rri Coasfa! P/ciin:  Hot subhumid ecoregion
with alluvium, derived soils. It covers the estern

%°aans:::tgLSLenLt:X:enndd:nc:uf::ems8a5uo/Ye:¥tR:'tL:nt:
area. It has hot summers and mild winters, with
an  annual  rainfall  of   1200   to   1600  mm.  The
growing period  ranges  from  150-210  days.  The
soils  are   mainly   clayey  with   slight  acidity.
Rain fed and irrigated rice farming are practised.
Imperfect  drainage  and  salinity  are  the  major
constraints.

/b/     Wesfem  Ghats  cinc!  C`ocistar PJai.ns:  Hot  humid-
perhumid  ecoregion  with   red,   laterite  and
alluvium-derived   soils.   It  constitutes  Western
coastal plains of Maharashtra,  Karnataka,  and
Kerala  States  covering  3°/o  of thp  land  area.  It
has hot summers, with rainfall exceeding 2000

mm. The growlng period is more than 270 days
lt   has   red,    lateritic    and   alluvial    soils.
Waterlogging and  severe  erosion  are  the major

problems.   It   has   high   potential   for  export
oriented  plantation  crops.

Climate  and  soils

The  climate  of most  of the  coastal  subregions
in India falls under the hot and humid or subhumid
condition  with  limited  variations  (except  the  north
Gujarat coast which is semi-arid).  Almost the entlre
coastal  area  in  the  country,   excluding  the  north
Gujarat coast,  receives  a normal  annual  rainfall  in
excess of 1000 mm with the west cost receiving more
than  2500  mm  per  year  and  80%  of  it  occurring
during June to September in Gujarat,  Maharashtra
and  Karnataka.   In  West  Bengal  and  Orissa  some
amount of rainfall  is  also  received  dunng  May and
October as  well.  Tamil  I\'adu  receives  about  70%  of
rainfall during October  and  November.  Thus,  most
of  the  coastal  areas  have  surplus  rainfall  either
during  June-September  or  October-December.   In
the  coastal areas,  very heavy rainfall events of 200
to 400 mm in 24 hours are frequent thereby causing
surface  waterlogging,  flash  floods  and  damage  to
crops and property.

The average maximum temperatures are in the
range of 25 to 30°C,  whereas the average minimum
temperatures  seldom  fall  below  20°C  during  the
winter months of December to February. The annual
evaporation  ranges  from  1350  to  2150  mm  in  West
Bengal   and   in   Gujarat,   respectively.   The   high
evaporation   causes   salinization   of  surface   soil
especially  in  dry  seasons  in  the  presence  of  high
and poor quality groundwater.



Integrated  water  management

Soils in coastal areas are in general deep to very
deep, imperfectly to poorly drained, sand to rine loamy
to fine in texture. The sandy shores are covered partly
with water during !iigh tides and  stormy periods.  The
soils are calcareous,  slightly to moderately saline, and
alkaline.  Heavy  exploitation  of groundwater  in  many
coastal areas has resulted  in seawater intrusion and
development of high  soil  salinity.

Production  system  constraints

The  agriculture  in  the  coastal  ecosystem  is
predomlnantly rain fed in nature and is characterized
by  excess  water  during  the  rainy  season  followed
by acute water scarclty in the post-monsoon period,
and   this   poses   a   severe   threat   to   improved
agricultural production as well as productivity of the
regions.   Management  of  rainwater  is,   therefore,
crucial particularly wlth regard to the small holdings
in the coastal ecosystem.  Apart from erratic rainfall

pattern, the poor and inemcient water management
practices result in  about 70% loss of the rainwater,
mostly  as   surface   runoff,   to   the   sea,   thereby
reducing the  per capita availability of fresh water to
the  coastal  people.  Kerala  State  presents  a  typical
example, where despite more than 3000 mm annual
rainfall, the per capita effective rainwater availability
is less than even sc)me dry parts of Rajasthan mainly
due  to heavy surface runoff loss because of steeply
sloping topography,  excessive defore§tation and road
construction.   Moreover,   the   growing  competitive
demand for good quality water from industry, power
and  household  sectors  is  further compounding the
water  crisis.  The  excess  runoff  results  in  eroding
the  top  fertile  soils  of  the  region  and  also  leads  to

poor  ground  water  recharge  due  to  lesser  ponding
time.  The  indiscriminate  and  excessive  withdrawal
of ground water causes  lowering  ctf water table  and
also ingress of seawater, which in turn, leads to acute
salinization  of land  and  water.  The  poor  drainage  is
ant)ther key factor limiting the agricultural production
in  the  coastal  region.  The  excess  rainwater  available
during  the  monsoon  period  needs  to  be  conserved
through reduced runoff and  storage in ponds so as to
reuse  it  as  life  saving  irrigations  to  the  crops  during
the lean  periods.  However,  it is important to optimize
the  land  and  water allocation  for maximizing  the  net
profits. The problems related to productivity in coastal
soils may be summarized as:

1.      Inundation  of agricultural  lands  by  tidal water
and  seawater ingress  in  aquifers

2.      High   soil   salinity   due   to   shallow   saline

groundwater  in  winter/summer  months
3.      High  rainfall  in  monsoon  months  and  cyclonic

weather
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4.      Impeded   surface   and   subsurface   drainage
conditions

5.      Uneven  distribution  of rainfall  causing  lack  of

good  quality  irrigation  water  for  second  crops
during dry periods

6.      Lack  of irrigation  infrastructure

Improving  productivity  through  natural  resource
management

Integrated   natural   resource   management,
watershed management or farming system approach
are the terms often used synonymously though their
dimensions  of  area  vary  from  basin  to  farm  scale
(Fig.  I ). The integrated natural resource management
may  be  good   for  planning  strategy,   watershed
management  may  be  good  for  program  implemen-
tation, while farming system approach should be more
suiting  to  the  beneficiaries  with  small  land  holdings.
In all these approaches, rainwater management forms
the  basis  of  improvement.  However,  looking  to  the
small  land  holdings  in  coastal  ecosystem,  farming
system approach  seems to be  more appropriate.  It is
an  integrated  approach  on  rainwater  management
dealing  with  on-farm  storage  of  excess  rainwater
during  monsoon  season  and  rec`}ciing  the  same  for
irrigation of crops during deficit periods in dry season
with  the  c)biective  to  introduce  multicropping  in  the
otherwise predominantly monocropped areas.

Fig.1.  A  comprehensive  framewoi.k  of  hydrological

processes  at  different  scales
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Rainwater management

Almost entire coastal area in the country receives
normal  annual  rainfall  of  about   1500  mm.  Of  that,
80%  of  the  rainfall  is  occurring  in  four  monsoon
months during June to October, except in Tamil Nadu,
and  there is very little water in  the  remaining period.
Therefore, the prospect of crop and water productivity
Improvement in the entire coastal ecosystem is largely
dependent and centered around the rainfall. This calls
for  development  of  strategic  technological  packages
based  on  integrated  natural  resource  management
suiting to  different  subsystems.

.A     comprehcnsiv€     work     on     rainwater
management, based on a study conducted at Central
Soil  Salinity  Research  Institute,   Regional  Station,
Canning Town, West Bengal (Sundarbans delta), wa`r

presented   by  Ambast   et  CZJ.   (1998).   They  analyzed
historical  annual,  monthly  and  weekly  rainfall  and
evaporation data and fittcd to different probabilistic
distributions   for   various   planning.   Following
significant achievements  cmcrged  out  of the  study:

(i)     The statistical analysis of rainfall and evaporation
data  indicated  that  the  region  has  an  average
annual  rainfall  of  1768  mm   (82%  is  received
during  June-October)  and  evaporation  of  1581
mm. July and August being the most wet months
indicated  the  probability  of  severe  crop  damage
due  to  waterlogging.   Monthly  water  balance
analysis  indicated  considerable  scope  of  excess
rainwater  storage  in  on-farm  reservoir  (OFR).  It
was  indicated  that  on  an  average  about  5-week
drought (with 3-week continuous drought during
ripening stage) might occur during fohari/season.

(ii)     On  the  basis  of  probability  analysis  of rainfall-
evaporation data, rice transplanting schedule was
developed for reducing climatic hazard in different
land toposequences.  Further, using summer and
winter  seasons  planting  schedule  and  crop
suitabllity in the reglon, a crop calendar of optlmal
farming operations  was  developed  for  stabilizing
production and minimizing production losses due
to uncertain weather.

(lil)   Hydrological  modelling  for  rain fed  humid  rice
lowlands  was  used   to   estimate  the  excess
rainwater availability for optimal design of OFR.
It  was  recommended   to   convert  20°/o  of  the
farm/watershed area Into OFR to harvest excess
rainwater.  The  suggested  procedure  should  be
used  for  optimal  design  of  OFR  in  different
agroecological  conditions.

(iv)   Simulation of surface drainage improvement by
rainwater  harvesting  in  OFR  in  lowlying  rice
areas of the East Mograhat Drainage Basin was

conducted.  The  water  depth  hydrographs  with
and  without  Oli`R  indicated  surface  drainagc
improvement  up  to  75%.  It  provides  scope  for
cultivation  of  high  yielding  rice  varieties   in
rainfed  humid  rice  lowlands.

(v)     Requirement of supplemental irrigation  in  kharT/
season  may  help  in  stabilizing  rice  production
against weather uncertainty. It was estimatcd that
I   supplemenlal  Irrigation  might  be  required  at
the grain formation  stage  in two out of ten years.

(vi)    Linear programming model was used for optimal
land   and  water  allocation  in  dry   season  for
various  constraints   of  land   and  water  for
maximizing profits.  Optimal allocation indicated
benefit-cost ratio  of 2: 1  (excluding Income from
fishery and horticulture), and  thusjustified the
Investment  in  OFR.

further, user-friendly computer software RAINSIM
for  Rainwater  Simulation   Modelling  was  developed

(Ambast ef az.,  2002a).  It would be useful in scientific/
developmental  work  using  probability  analyses  of
weather  data,  crop  planning,  optimal  design  of OFR,
simulation  of surface  waterlogging  with  and  without
rainwater  storage  in  OFR,  supplemental  Irrigation
requirement and optimal land and water allocation for
maximizing net profit to the farmers (Fig.  2).

Rainwater Slmulation  Model  (Ralnsim)
SKfm#rw:,:p:£nbY#¥aG9L#

Central  Soil  Salinlty  Research  lnsthJto,
Kamal-132 col  (lndia)

(a)

Fig.  2.  Important  featiires  of  RAINSIM  software  (a)  about
software  (b)  input  file  management  (c)  Design  of  OFR

(d)  development  weather based  crop  calendar
(e)  simulation  of  surface  drainge  Improvement

(f)  simulation  of  supplemen(al  irrigation  requirement
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Drainage  improvement

Most of the coastal lowl.vmg areas are frequently
Inundated  due  to  Ingress  of scawater  through  tidal
estuaries.  These  estuarics  arc  slowly  silting up  due
to  high  silt  load  carried  along  with  the  river  flows
causlng  congested  drainagc  system  and  flooding  of
agrlcultural   fields.   It   has   been   suggested   that
earthen  embankments,   preferable  brick  pitched,
having  side  slope  of 3: 1  on  the  river  side  and  2: 1  on
the country side, with  1  in frcc board above the high
tidal  level,   are  appropriate  for  protection  against
flooding  (Rao,1981)    To  effect  drainage  from  such
embanked  areas,   one-way  slulce  gates  should   be

provided in the embankments.  It has been observed
that the density of field  drainage  is  not sufficient to
drain   excess  water  from   agricultural  lands.   For
improving   the   field   drainage   system,   it   was
suggested  to  construct  periphcral  bt{nds  to  clearly
demarcate the catchment and also the various fields,
so  that Inflow of excess water from  outside the  area
Into the catchment and  the now from one to another
7,one  could   be  regulated.   It  is  important  that  the

planned  drainage  basins  bc  monitored  frequentl.y
for their drainage  system  performance.

Precision farming and improved  irrigation methods

Precision  farming  or  site  specific  farming  is  an
emerging  technology  that  allows  farmers  to  have
most efficient use of inputs and agronomic practices.
It  has  the  potential  not  only  towards  reduced  cost
of  cultivation  through  more  efficient  and  effective
application  of  crop  inputs  but  it  also  protects  the
fragile environment. A careful water balance analysis
of      annual       precipitation       and       potential
evapotranspiration   is  essential  to  determine   the
water  surplus/deficit  periods  beforehand,  so  that
all  the  agricultural  operations  can  be  adjusted
accordingly.  This  will  help  to  save  the  crops  from
water stress (excess/deficit) during Its critical growth
stages  and  also  help  the  farmers  in  the  decision
making regarding crop  choice  as well  as  Its acreage
depending upon  the  water availability.  The  concept
of  harvesting  excess   rainwater  in   OFR  may  be
effectively utilized for growing pulses,  oilseeds,  tuber
crops,  vegetables,  spices,  etc.  after  khari/ rice.

Water  conserved  in  limited  quantity  should  be

Judiciously used  for  irrigation.  Limited  information
are  ava.ilable  on  irrigation  methods  for  the  coastal
ecosystems, where, in general,  the soils are to a large
extent saline and medium to heavy texture in nature.
Microirrigation, especially in the form of drip,  should
be   a   potential   irrigation   method   for   coastal
environment.   Drip   Irrigation   system   can   prove
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beneficial   for  the   coastal   region   particularly  to
irrigate  the  high  value  crops,   such  as  plantation
crops of coconut,  arecanut,  oil palm, cashew,  cocoa,
and   spices,  viz.   black  peeper,   cardamom,  ginger,
turmeric,  coriander,  cumin,  etc.  The  controlled  use
of  water  and   fertilizer  directly  in   the  root  zone
through drip irrlgation not only Increases the Input
use  efficiencies  but  also  reduces  possible  negative
interactions  ln  the  soil  profile.  Besldes,  this  system

provides   scope   of  using   poor   quality   water   in
conjunction with fresh  water for  irrigation.  Another
improved  technology  to  utilize  the  surface  water  is
lifesaving  irrigation  by  digging  c!omuL/us  which  is  a
conical  pit  dug  to  collect  seeped-in  water.   In  this
method,   suitable  particularly  for  sandy  loam  soil,
with  fresh  water  floating  over  saline  ground  water,
may be skimmed horizontally through tile drains at
the   rate  of  18  lps,   which  would   be  sufficient  for
operating 6 sprinklers continuously. The technology
has  been  tested  in  Andhra  Pradesh.

Application  of  space  technology  for  management
of natural  resources

Space  programmes,   all  over  the  world,   have
unique   dimension   to   use   spcice   technology  for
sustainable  development of natural  resources.  The
Indian  Remote  Sensing  (IRS)   satellites  have  been
intended  to  cater  the  needs  of critical  information
to  the  agricultural  sector,  whereas  INSAT  series  of
satellites are providing weather related information.
Although   the   applications  of  remote  sensing  in
agriculture  begin  with  Inventory  of soil  and  surface
water  resources,  today  its  applications  witnessed  a

phase transition from resource mapping to decision
making  due  to  its  enormously  improved  capability
to  monitor agricultural and  hydrological  condltlons
of the  land  surface.  Ambast  et clz.  (2002)  in a  study
conducted  at  IIT,   Delhi  comprehensively  reviewed

potentlal   and    limitation    of   remote    sensing
applications   in   the   field   of  water   resources
management.  Remote sensing inputs are being used
for  number  of  applications,   such  as  monitoring
cropping intensity,  Identification of waterlogged / salt
affected areas, evaluation of irrigation/land drainage
schemes,  and  groundwater  prospect  mapping.

Monitormg land dralrage schemes.. A number of
surface drainage projects are in operation in coastal
areas   to   ease   the   surface   waterlogging.   The

performance   monitoring  of  these  la.rge   drainage
projects through field observations and construction
of  water   level   hydrographs   is   quite   difficult.
Moreover,  very  limited  attempts  have  been  made  to
develop the criteria to evaluate the  surface drainage
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systems  (Ambast,   1996).   Satellite  remote  sensing

provides the opportunity to capture the information
of a lange  area at frequent intervals.  The  capability
of  remote  sensing  to  monitor  agricultural  and
hydrological  conditions  of  the  land   surface  has
undergone  major improvements in the last decade.

Absence   of   total   vegetation   on   Severely
waLterlogged  or  salt  affected  soil  surface  makes  it

possibler to  d.ctc.ct watchogged  and  saline  surfaces
directly from the remote sensing data, whereas it is
difficult to identify otherwise slightly or moderately
affected waterlogged and salt affected cropped land
directly.  But  such  waterlogged  and  saline  cropped
land  have  very  distinct  reflectance  characteristics
due  to  patchy crop  growth,  which can be  identified
indirectly with low albedo-low NDVI and high albedo-
low  NDVI,  respectively  (Ambast  and  Tyagi,   2002,
Fig.  3a).  The  procedure  was applied  on  the  satellite
image  of  Bhailaut  Canal  command  defining  seven
crop  classes,  i.e.  slightly,  moderately  and  severely
waterlogged crops, slightly, moderately and severely
salt affected crops,  and  normal crops  (Fig.  3b).

The economic analysis indicated an average loss
of  18% of the  potential due  to waterlogging and  soil
salinity in the command.  Similar technique may be
employed   in   coastal   saline   lands   to   monitor
waterlogged  and  saline  lands.

Esft.mafiori  o/ crap  ui'e!d:   The  ultimate  aim  of
efficient drainage system is to enhance the crop and
water productivity uniformly in the drainage basin.
Since  remote  sensing  cannot  provide  crop  yield
information   directly,    normalized   difference
vegetation  index  (NDVI)  was  used  for assessing the
crop   biomass.   F`ield   observed   regression   model
between  NDVI  and  crop yiclds was  extrapolated  for
crop  yield  estimation  of  large  areas  using  spatial
technique.  One  such  study was conducted  in  Some

;:w];;vveT[_C2g%)sayns:e:p::]redw::a:ec:::e](yy(;:ena;)e:
data (Ambast ef al„ 2002b). The estimated crop yield
is  shown  in  F`ig.  4(a,b).   Similar  technique  may  be
employed in coastal drainage basins to estim.ate crops
yields to monitor performance of drainage systems.

Improving  land  and  water  productivity  in  coastal
region  -Some  issues

The   climate   change,   global   warming   and
competition among various uses of water is leading
to  reduced  water  availability  to  agriculture  sector.
In  rain fed  areas  of  coastal  region  uncertainty  of
weather   is   another   factor   for   non-stabilized
agricultural  productivity.  Following  are  the  water

0.07                 015                    023                   0.31                  0  3

Surface  albedo

(a)

I  Sov WL. Crop
Mod WL Crop
Slt WL Crop

:'j-5,_`    Normal  crop
I  Slt SA Crop

Mod SA Crop
I  Sev SA Crop
-  Nan-cropped

(b)

Fig.  3.  Waterlogged  and  salt-affected  land  in  the  Bhalaut
branch  canal  command  (WYC)

related  issues,  which  require  more  focus  in  future
research:

I.     Information   on   crop/farm/system   water
productivity  is  important  to  cross  check  and
compare  the  performance,  particularly  when
water  scarcity  increases.  There  is  a  need  to
generate  database  on  water  productivity  from
field  level  to  system  level  in  coastal  ecosystem.
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Fig.4.  (a)  Yield  (wheat)  Image  and  (b)  mean  crop  yield
in  the  SLLC  command

2.      Different  farming  system  optic)ns,  available  in
each  coastal  subregion,  may  also  be evaluated
for   water   productivity   apart   from   land
productivity  and  their  economics.

3.      Monitoring   of   planned   surface   drainage
improvement schemes would help in identifying
the  reasons  of  their  poor  performance  and
suggestive  measures  for  their  improvement.

4.     Application  of  modern  techniques  such  as
remote  sensing  and  geographical  information
system   may   be   used   in   future   coastal
agricultural  research.   However,  application  of
microwave  remote  sensing may  be  explored  in

combination  of  optical  remote  sensing  due  to
continuous  cloud  cover  in  the  coastal  regions.
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Contamination by Fertilizer Residues in
Wetland Rice Ecosystems of Kuttanad, Kerala

K.C.  MANORAIVIA  THAMPATTl,  SUMAM  SUSAN  VARGHESE  and  A.I.  JOSE

Department  of  Soil  Science  &  Agricultural  Chemistry,  College  of  Agriculture
Vellayani,  Thiruvananthapuram  -695  522,  Kerala

An  investigation  was  carried  out to  evaluate  the  extent  of contamination  by  fertilisers  in  rice
fields  and  surrounding  ecosystems  in  Kuttanad,  Kerala.  The  extent  of  contamination  was  not
negligible.  Tt`e  application  of  N  fertilizer  either  as  basal  or  at  top  dressing  has  increased  the
NH4-N  content  of tlie  soil  during  additional  crop season  (June-Sep).  During  pun/.a season  also,
it followed the same trend,  but the quantity of NH4-N was much  reduced.   Application of fertilizers
has  considerably  increased  the  NH4-N  content  of  field  water,  which  showed  an  increase  from
6.9 to  12.0  mg  L-1.  Compared  to  additional  crop,  NH4-N  content of water was  lower during pun/.a
season.  The  N02 +  N03-N  also  foHowed  the  same  trend  as  that  of  NH4-N,  though  the  quantity
was  very  low.  During  pun/.a  their  contents  increased  further which  indicates  the  higher  extent
of  contamination  in  that  season.  The  study  area  was  generally  deficient  in  available  P  due  to
nigh  P fixation  capacity of soil.  The stiidy area  recorded  comparatively  liigher values  for available
K.  Basal  application  of  K  fertilizer  had  increased  it  from  177  to  191  mg  kg-t.    In  canal  water,  the
concentration  of contaminants showed  a  decrease from  June to October followed  by a  gradual
increase  recording  the  maximum  value  during  April.

(Key  ulords.  Soil 8b water corLtaminat\orL,  Fertinser resid.ue,  Wetland nee)

Kuttanad,  the  rice  bowl  or  Kerala  is  a  unique
agricultural tract lying 0.6  to  2.2  in below mean sea
level  on  the  western  coast  of  Kerala.  The  area  is
subjected to periodical flooding during monsoon and
salinity intrusic)n during summer.  Rice is cultivated
here  in  contiguous  fields  (polders)   surrounded  by
waterways/canals protected by ring  I)unds in about
55,000 ha during punja (Oct-Feb, March) and 22,000
ha  during  additional  crop  (June-Sep)  season.  Crop
failures  are  common  during  punja  season  due  to
salinity intrusion  and  by  flooding during additional
crop  season.  In  order  to  protect  rice  from  salinity
Intrusion,  a  regulator  was  constructed  and  kept  it
closed  during  December  to  April  resulting in  water
stagnation  in  Kuttanad  with  fertilizer and  pesticide
residues.     Rice    cultivation    in    Kuttanad     is
characterized  by  profuse  and  indiscriminate  use  of
fertilizers  and   pesticides   leading  to  pollution  of
waterways  and  canals  with  their  residues.  The

peculiar  water  management  practice  of  "alternate
letting  in  of  water  from   surrounding  canals  to

polders  and  draining  out  of  water  to  canals"  at
frequent intervals  makes  the  situation  worse  since
the  contaminated  water  is  used  again  and  again.
This contamination  had played a significant role in
the   eco-degradation   of  Kuttanad,   which   is   an
alarming    issue    at    present.    The    extent    of
contamination  by  fertilizer  residues  in  Kuttanad
ecosystem  is  presented  below.

lvIATERIALS  AND  METHODS

Surface  soil  samples  were  collected  from   27

polders   before   fertilizer   application,   i.e.   before
draining away the water from the field, and 5-7 days
after  fertilizer  application.   Water   samples  were
collected  from  the  ficld  before  letting  out  the  water

prior  to  fertilizer  application  and  draining  out  the
water  after  fertilizer  application.   Water  from  the
surrounding canals was drawn at monthly intervals.
Fertilizer recommendation for short duration variety
of  rice   is  70:35:35   kg  ha-i   of  N,   P  and   K  as  per
recommendation  of  Kerala  Agricultural  University.
But the quantity of fertilizers applied by the farmers
varied  from 75 percent of recommended dose to  150

percent.   The   estimations   of  different  chemical
parameters of soil and water were done as described
by  Page  (1982)  and  plant  nutrient  by  the  methods
of Piper  (1966).

RESULTS  AND  DISCUSSION

The soils of the area are extremely acidic with a

pH   range  of  3.5-4.6,   mildly  saline   and   high   in
organic carbon.  The data on  soil available nutrients
are  presented  in Table  1.  The  NH4~N  content of the
soil  increased  owing  to  basal  and  top  dressing  of
fertilizer.      NH4-N   content   of  the   soil   however
decreased by the time of top dressing,  evidently due
to  crop  uptake  and  other  types  of loss.  The  NH4-N
content  of soil  and  its  increase  due  to  top  dressing
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Table  1.  Nutnent conterLt of rice sotls (mg kg-I ) in Kuttanad before ancl after fertilizer application

31

NIli-N N02+N03-N Available  P Available  K

Basal Top Basal TOp Basal Basal TOp
drcssmg dressing dressing

TIT2 TIT2 TIT2 TIT2 TIT2 TIT2 TIT2

Additional crop 133      136 120       121 17.4         18.0 12.8         13.7 3.5              7.8 177           191 138          149

CD  at  p-0-05 0.57 I.12 0233 0.196 0.520 3.57 3.04

PunJa 7881 6972 15.4         16.2 132         13.9 2962 169         182 141           153

CD  at  p=0.05 0.63 2,46 0.125 OJ25 0.568 2.13 2.28

T1   =  Prior  to  ferllllzer  application,  T2  =  After  fertlliser  application

Table  2.  Nutnenl  concentration (mg L-I ) in stanclmg ujater Of rice fielczs in KuttarT,ad

NH ,-N N02+N03-N P K

Basal TOp Basal Top Basal Basal Top
dressing dressing dressing

TIT2 TIT2 TIT2 TIT2 TIT2 TIT2 TIT2

AdditionalCropCDatp=0.05 6.90    12.00.967 3.8       6.30.235 5.7         9.10.290 2.7         3.80.156 0.02         0.04NS 4.0        7.30.359 2,4         4.50.218

PunJa 5.7        9.1 3.4       5.3 5.9        9.4 3.3        5.7 0.03        0.04 4.I         7.8 2.4        4.7

CD  at p=0.05 0.276 0.234 0.291 0.175 NS 0.328 0.319

T1  =  Prior  to  fertilizer  application,  T2  =  After  fertiliser  application

was   lower,   compared   to   basal   application.   The
nutrienl  uptake   is  at   ils   maximum   during   top
dressing stage.  The  same  lrcnd  was followed  during

pL(nja,   but  the  quantity  has  been  reduced  much.
Application of fertilizcrs has considerably increased
the  N114-N  contcnl  of  field  water,  which  showed  an

increase   from   6.9   to   12.0   mg   L  1.   This   has   to  be
looked   into   very   seriously   since   it   indicates   the
inlensit.v   of   contamination   by   NH4-N   in   the
waterways  and  canals  of  Kuttanad.  By  the  time  of
top  dressing  the  content  has  decreased  as  in  the
case  of  soil.   Compared   lo   additional   crop,   NH4-N
content  of  water  was  lower  during  punja  season,
evidently due  to  better oxidation  and  accumulation
as  nitrate  in  water  (Table  2).  Though  the  average
level  of  ammoniacal  and  nitrate  nitrogen  did   not
exceed  the  permissible  maximum  of 20  and   16  mg
L  1,  respectively  (OECD,1986),  some of the  sampling

sites  exceeded  the  limit.

The  N02  +  N03-N  also  followed  the  same  trend
as that of NH4-N,  though  the  quantity was very low.
Since the soils were always in a submerged condition
the  major  form  of  N  was  in  ammoniacal  form.  The
Increase  ln   N02  +   N03-N   content  due   to  fertilizer
application  was  very  marginal.  The  magnitude  of

decrease  for  N02+N03-N  content  during  purl/cl  was
not as conspicuous as  in  the case of NH4-N.  But the

quantity  of N02+  N03-N  present  in  field  water  was
not   so   lovLJ.   The   field   water   before   fertilizer
application contalned 5.7 mg of N02+N03-N per llter
of water and the same increased to 9.1  after fertilizer
application  during  additional  crop  season.  During

punja  their  contents  increased  further,  indicating
that  the  extent  of  contamination  was  more  during

pt/njcz  season.  The  quantum  of  N  held  in  standing
water was considerably greater at this period, maj.or

part  of  which  was   likely  to   be   lost   through   the
dralnage  water.

The   study   area   was   generally   deficient   in
available  P  due  to  high  P  fixation  capacity  of  soil.
The available P content also showed an Increase from
3.5 to 7  8 mg kg-I  due to fertilizer application during
additic)nal crop season and during pL{nja season  the
values  were  much  lower.  The  P  content  of the  field
water was  only in  traces.  The  very low mobility  and
very high  P fixation capacity of soils are responsible
for  the  absence  of P  in  water.

The  study  area  recorded  comparatively  higher
values  of availablc  K.  Application  of K fertilizer  had
Increased   it   from    177   to    191    mg   kg-I   which
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Table 3. Chemical properties and coneentTatiorL Of rurt  ents Of canal u)ater

Additional crop sea.son funja Summer
June    July     Aug      Sept   Mean Oct      Nov      Dec    |Jan      Feb      Mean Mar    April    May     Mean

NH4-N  (mg  L-I) 2.0          I.7          1.2            I.3          I.6 1.4         I.8         I.8        I.9         2.I            I.4 3.4        3.6        2.5         3.I

N02+N03N  (mg  L-I 2.0         I.5         I.2           1.4         I.5 I.6         I.8        2.I       2.8        3.4          2.3 3.8        3.9        2.6         3.4

K(mg  L-1) 5.0        3.I         2.0          2.1         3.I 2.1        2.2        2.8      2.8        3.4          27 4.8        5.8        5.6         6.5

Sulphate  (mg L-I) 22.0      20.0      17.I         13.2      18.I 16.7     20.1      20.2    22.5      28.9       22.8 35.4     42.I     40.5       39.3

Chloride  (mg L-I) 160       loo        75           83        105 99         Ilo       130      143       151         127 168      220      240       209

pH 7.I         7.I         7.2          7.2        7.2 7.0        7.0        6.9      6.8        6.5          6.8 6.3        6.1        7.0          6.4

EC  (ds in-I) 0.6        0.3        0.3         0.3        0.4 0.3        0.2        0.3    0.33     0.48      0.38 0.54     0.70       1.2        0.81

decreased to  138 mg kg-I  at the time of top dressing.
During purlja season,  the values were higher at the
time  of  top  dressing  compared  to  additional  crop
season.   K content of field water has increased from
4.0  to  7.3  mg  L-I  after  fertilizer  application  during
additional crop  season.  By the  time of top dressing
the K content has decreased further. The behaviour
of K was similar during punja  season  also,  but the
concentration was more. From the study it was clear
that  considerable  portion  of  applied  fertilizer  was
lost through  drainage  water.

In  canal  water,  the  NH4-N  content  was  lower
during pt/nja and the maximum was recorded during
summer,  while  for  nitrates  the  concentration  was
greater during pt{njci and  summer seasons  (Table  3).
For K,  the content showed a decrease from June to
October  followed  by  a  gradual  increase  recording
the  maximum  value  during  April.   Sulphates  and

chlorides  also  behaved  in  more  or  less  similar
manner.  The  acidity  of  water  was  higher  during
punja and  summer season. The  data revealed  that
the extent of contamination was more during pttnjci
and  summer  season.  The  drainage water  from  the
rice  fields  and   lowering  of  ground  water  table
coupled with lesser quantity of water present in the
ecosystem  contributed  towards this increase.
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The direct and indirect work forces constituting around 64°/o of total state workforce are engaged in
agrjcultilre  in  Orissa.    The  differential  resource  endowment  and  their  utilization  for  agricultural
development in the state  are  reflected  in  differential  development  level  in coastal  and  non-coastal
districts.  There  is differential trend in tlie productivity and  production  of food and  non-food grains
in coastal and non-coastal districts ol the state. The infrastructural developments for agriculture as
well  as  resource endowments  also differ considerably  among the coastal  and  inland  districts.  The
differential resource utilization pattern and economic development level could be traced to differential
resource  endowments  in  districts  of  coastal  and  inland  districts.  The  coastline,  which  stretches
over 408 kin, has also enough potential for marine fisheries development. The contribution of coastal
districts to total food grain availability was more than 45°/a as against the total population of around
310/a with total  geographical  area of 21%  of the s(ate.  The irrigation availability in  coastal districts  is
more  than  50°/a  of  the  net  sown  area.  Accordingly,  cropping  intensity  and  cropping  pattern  also
differ in  coastal  and  non-coastal  areas.
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Orissa  continues  to  bc  primarily  an  agrarian
economy with more than 65% of work force engaged
in agriculture and the contribution of agriculture to
state NSDP was about 28.68% during the year  1997-
98. The per capita availability of cultivated land was
0.29   hectares  in   1950-51   that  decreased   to  0.18
hectares in  1998-99. The state has 31.54 lakh small
and  marginal  farmers  accounting  to  19.88%  of the
total  operational  holdings  (Anon.,1999-2000).  The
skewed distribution of resources and their utilization
have resulted in uneven growth of coastal and inland
districts   of  Orissa.   The   differential   resource
utllization  pattern  and  economic  development level
could be traced to differential resource endowments
in  districts  of  coastal  and   inland  districts.   It  is

pertinent    to    examine    differential    resource
endowment  pattern  for  any   policy  decision  with
regard to regional development of the state and more
so  when  it comes  to  agriculture.

General  characteristics

The  coastline  of Orissa  stretches  over  408  kin
in  the  east  coast  covering  an  area  of  410  sq  kin.
The total population  of the  c`oastal districts is about
31.46%  of  state   total   (as   per   2001   census).   The
coastal region of Orissa has been categorized under
northeastern    coastal    plains    and    East   and
Southeastern Coastal Plains. The total coastal tract
covers  21%  of  total  geographical  area  under  nine

divided districts. The non-coastal areas are grouped
under  Northwestern  Plateau,  Western  Undulating
lands, Southeastern Ghats, Mid Central Table lands,
etc.

Soil  properties  and  land  resources   '

The coastal alluvial soils with high total soluble
salts  (EC  4  ds  in-I)  are  predomlnant  in  this  region.
These  soils occur  along  the  coastal  belt of the  state
in  a  narrow  strip  ex.tending  5-25  kin  inward.  The
salinity  occurs  due  to  littoral  deposits  or  estuarial
ingress  of  brackish  tidal  water  from  sea  through
creeks.   Nearly  0.254   in  ha-I   of  saline   soils  are
distributed  in  the  district  of  Balasore,  Bhadrak,
Jajpur,  Jagatsinghpur,  Kendrapara,  Puri,  Khurda
and Gan]am.  During monsoon, a build-up of subsoil
salinity occurs due to high ground water table under
lowlying  situations.  These  soils  are  mostly  clay  to
clay loam in texture and columnar in structure. The

pH  of  the  soils  varies  between  6.0  to  8.0  with  a
conductivity of 10.40 ds in-I  at 25°C in the summer.
The exchangeable sodium percentage varies between
18   to   27.     The   soils   are   rich   in   nitrogen   and

potassium,  and  low  to  medium  in  phosphorus.

Demographic  characteristics

The  analysis  of demographic  characteristics  of
coastal and non-coastal areas (2001  census) renects
that  the  coastal  regiQns  constitute   more  literate
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people  in  both  the  categories  of  sex,  i.e.  male  and
female in comparison to non-coastal region.  Both the
urban and rural literacy rigures are higher in coastal
district  than  non-coastal  districts.  Coastal  belt  is
thickly  populated  (536  per  sq  kin)  in  comparison  to
non-coastal  belt  (168  per  sq  kin).   Coastal  belt  has
registered lower females per thousand of males (964)
than  ni]n-coasfa]  -district  {982}.   The  population
dependent on agriculture is higher in both coastal as
well as non-coastal areas.  However, in comparison to
non-coastal regions, the dependency on agriculture is
higher in coastal region. This may be due to spread of
indu strial locations in non-coastal areas in comparison
to coastal areas.

Land  utilization  pattern

The  analysis  of land  use  statistics  for  the  year
1997-98  portrays  that  a  relatively  higher  level  of
cropping intensity is recorded for coastal aLreas ( 159%)
in comparison to non-coastal areas  ( 137%). In coastal
districts, areas under barren and non-agricultural use
are larger in comparison to non-coastal districts. Area
under permanent pasture is more in coastal areas than
in  non-coastal  areas.  Among  the  coastal  districts,
Bhadrak  has  maximum  area  under  barren  land,
whereas Balasore has minimum barren land. Ganjam
disthct has maximum area under the category of net
sown area and Jagatsinghpur has the least area under
the same category.  The geographical size of the district,
irrigation potential and distribution of land form (high,
medium  or  low)  are  influencing  factors  on  net  sown
area.     With  respect  to  distribution  of  forestland,
Jagatsinghpur district has  lowest area under  forest,
whereas Ganjam district has highest area under forest
category  in  the  coastal districts.  Culturable waste  is
minimum  in  Ganjam  and  maximum  in  Puri district.
Bhadrak  district  has   maximum   pastureland.
Jagatsinghpur   has  the   minimum   area  under
pastureland. In terms of distribution of land resources
under different types of use,  net cropped  area along
with cropping intensity is higher in coastal areas. The
culturable wastelands are more in non-coastal districts
than in  coastal district.  No  speciric trend is found in
current and other fallow category for both the regions.
Non-coastal  districts  have  more  area  in  comparison
to coastal districts with respect to miscellaneous tree
and groves category.

Cropping  pattern

There  is distinct difference  in cropping pattern
between coastal and nan-coastal districts. In coastal
district the pattern is mostly paddy-paddy sequence

with  HYV  paddy  predominance.  More  than  70%  of
area  i§  covered  under  paddy  in  the  state  and  in
coastal area,  it is more than 80%.  In  khan/, both in
coastal and non-coastal areas, paddy occupies more
than  90%  of cultivated  area.  In  rab].  HYV  paddy  is
taken up in irrigated tracts of both cc)astal and non-
coastal areas and /hoJa or beda lands in non-coastal
and-non`-imgated areHs. In *ha7T/; noTT-coastal non-
irrigated  areas  have  more  area  under  local  paddy
varieties  whereas  in  coastal  areas  it is  mostly  HYV

paddy.

Paddy is the major cereal crop in coastal as well
as  in  non-coastal  areas,  Major  area  comes  under
cereals crops (77.6%) followed by pulses (11.8% area)
and  oilseeds  (6.4%).  The   area  under  fibre  crops
accounted for only 1.2% and other cash crops, which
include sugarcane, potato, chilly, ginger, onion, and
tobacco, etc constitute only 3% of total gross cropped
area.    The  cropping  intensity  for  coastal  district
varied  between   137  to   172%  among  the  districts.
Highest  cropping  intensity  was  observed  in  Puri
district  (172%)  and  minimum  in  Bhadrak  district

(137%)  in  coastal  areas  during  the  year  1997-98.
As compared to non-coastal aggregate, the cropping
intensity for coastal areas ( 159%) was much higher
than  non-coastal  areas  (144  %).

Agricultural  productivity

Agricultural productivity in general is higher in
coastal district than the non-coastal tracts. However,
in  irrigated  tracts  of coastal  region  productivity  of
major  crops  varies  considerably.  The  yield  of HYV

paddy in coastal districts was higher in Cuttack (30
q  ha-I)  (Table   1),  though  fertilizer  consumption  is
less  as  stated  earlier.  This may be due to  alluvium
tract  in  Cuttack  district  which  is  otherwise  highly
fertile  due  to  sediment  deposition.  Jagatsinghpur

(29  q ha-i)  comes  second in the productivity of HYV
paddy in coastal districts followed by Ganjaim (26 q
ha-I).    The  average  yield  rate  for  Orissa  is  23.52  q
ha-I.  The  productivity of major cereals,  pulses  and
oilseeds  ailso  vary  considerably.  The  yield  of paddy
as  a  whole  was  highest  in  Ganjam  (17  45  q  ha-t)
during  1998-99  and  in  Bhadrak it was  14.30  q  ha-t
For Cuttack the yield  of paddy was 9.36 q ha" .

For  maize,   Kendrapara  records  highest  yield

(15.33  q  ha-I),  followed  by  Bhadrak  (15.00  q  ha-I)
and  Jagatsinghpur  (12.87   q  ha-I)   among  coastal
districts.  In  cereals  Bhadrak  records  highest  yield
17.51  q  ha-I  followed  by  Cuttack  (14.97  q  ha-I)  and
Kendrapara  (1187  q  ha-I).
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Tablel. Area and yield undleT HYV paddy
coastal districts

District Area in  `000 Yield  (q/ha)

Balasorc 92.72 19.78

Bhadrck 97.61 28.99
Cuttuck 61.64 30.I

Jagatsingpur 49.71 28.96
Khurda 60.8 30.25
Purl 94.57 24.I

Kendrapara 51.74 27.88

Ganjam 261.31 26.45

Jajpur 53.I 27.37

Orlssa 2160.64 23.52

Source: Directorate of Economics and Statistics, Onssa, BBSR.

Water I.esources  and their utilization

Irrigation  plays  a  vital  role  in  the  agrarian
economy of Orissa and so far approximately 37% of
net  cultivated   area   have   been   brought  under
different  sources  of irrigation  and  rest  63%  of net
sown  area  is  rain fed.  The  state  has  65.59  lakh
hectare  of  cultivable  land   of  which  59.00  lakh
hectare  can  be  brought  under  a-ssured  irrigation.
So  far  irrigation  potential  has  been  created  up  to
39.73% of the estimated irrigated land covering area
of 23.49 lakh hectare. There are two distinctly major
irrigation schemes under Maha.nadi delta irrigation
system (coastal) and Hirakud irrigation system (non-
coastal).   Coastal  irrigation  system  comes  under
Mahanadi  delta  stage-I,   stage-II,   Risikulya  and
Salandi  major  irrigation  systems.   Inference  from
Table 2 shows the sourcewise irrigation development
and  utilization  in  coastal  and  non-coastal  areas.
Canals  are  the  major  source  of  irrigation  in  both
coastal  and  non-coastal  districts  and  contribute
more  than 60%  of total  irrigation  potential  created
from  all  sources.  In  coastal  districts,  Ganjam  has
more  than  50%  of  arable  land  getting  Irrigation
followed  by  Puri,  Kendrapada,  and  Jagatsinghpur
(Table   2).   Balasore   districts   have   maximum
concentration  of  tubewell  irrigation  in  the  state
where more than 50% of total ground water potential
has  been  harvested.  A  comparison  of net irrigated
area  as  a  percentage  of  net  sown  area  in  coastal
and  non-coastal  districts  of the  state  reflects  that

(Table  2)  in the coastal  districts  more  than  50%  of
net  sown  area  has  been  provided  with  irrigation
facilities  as  compared  to  26%  in  non-coastal  area.
This has gone a long way in  stabilizing agricultural
economy  of  coastal  districts  in  comparison  to
perpetual   droughts   in   non-coastal  districts.
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However, irregular monsoon and natural calamities
have contributed to miseries in coastal Orissa.   The
coastal areas suffer maximum in the event of floods
and   cyclone,   whereas  inland   districts  suffer
maximum  in the event of drought.

The  coastal  tracts  have  enough  potentials  for
development of dugwells, shallow and deep tubewclls
as  only  14°/o  of  total  ground  water  potentials  has
been  harvested   so  far.   Major  constraints  for
development  of  ground  water  potential  in  these
tracts  have  been  triangulated  holdings,  traditional
cropping  pattern,  low  economic  conditions  of  the
people, and poor electric supply in rural areas. Non-
standard pump sets and its poor after sales services
also  have  been  identified  as  major  constraints  to
ground water development. Irrigation tanks are rare
in  coastal  areas,  however  in  Orissa  the  tank  has
not  been  used  as  a  source  of irrigation  in  most  of
the areas and only conrined to some western districts
of the  state.

Other Infrastructure endowment
lnfrastructurally   coastal   areas   are   well

developed in comparison to non-coastal district. The
rural road infrastructure,  banl{ regulated markets,
cold  storage,   schools  and  colleges  at  present  are
more in number in coastal areas than in non-coastal
areas.    Among    the    coastal    districts,    Puri,
LJagatsinghpur  and  Cuttack  are  well  ahead   in
comparison  to  other  coastal  districts,  in  terms  of
infrastructural  developments,  which  are  vital  for
sustainable  agriculture.  The  analyses  of  major
infrastructal  facilities  available  districtwise  reflect
that in terms of village electrification, credit-deposit
ratio of banks, etc., coastal districts are much more
advanced  than  non-coastal districts.

Agricultural  input  use

Inputs  like  HYV  seeds,  fertilizer  and  pesticide
application   are   critical   factors   for   boosting
agricultural production. In general, Orissa has been
lagging behind other states with respect to fertiliser
application  and  other  input  use.  Average  fertiliser
application  in  Orissa  was  34  kg  ha-I  in   1997-98.
The  districtwise  analysis  of  fertiliser  application
indicates  that  coastal  districts  consume  more
fertilizer  than  non-coastal  irrigated  areas.  Among
the   coastal   districts,   highest  consumption   of
fertilizers to the extent of 84 kg ha-1  was marked in
Bhadrak, and minimum was marked for Cuttack (48
kg ha-I) in  khari/.  Balasore district ranks second in
term of fertiliser use (74 kg ha-I) followed by Ganjam.
In  terms  of  total  (N+P+K)   Balasore  district  ranks
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I Table 2. AgroeconomLc Indicators in coastal cLrLcl non-coastal districts of Orissa (area in `000 ha)

Dlstrlct Normal Geogra- Cultivated Net area Per ha Gross Cropplng Net Gross

rainfall phlcal area Sour fertilizer Cropped Intensity irrigated irrigated

lmm\ area cons.  ink8 area (%) area area

CoastalBalasore

1568.3 371 270 256 73 345 135 66.91 113.6

Bhadral{ 1568.3 279 186 176 83 241 137 89.55 125.89

Cuttack 15013 392 194 187 38 334 179 88.92 132.12

LJagatsinghpur 1501.3 174 125 114 45 194 170 35 43.89

JaJPur 1501.3 289 185 182 44 293 161 41.47 69.03

Kendrapara 1501.3 257 175 150 38 226 151 189.21 74.24

GaLnjam 1295.6 870 398 396 46 638 161 87.89 220.74

Purl 1449,I 306 192 167 45 287 172 53.89 129.78

Khurdha 1449. I 289 137 136 36 227 167 41.19 74.1

Total  coastal 1481.73 3227 1862 1764 49.77 2785 1 59 . 2 694.03 983.39

NOD.coastalBolanglr
1443  5 655 338 330 19 449 136 41.75 75.95

Sonepur 1443.5 229 112 107 36 165 155 69.34 106.61

Dhenkanal 1421.1 460 227 199 15 293 147 35.75 50.22

Anugul 1421.I 635 226 219 22 303 138 38.11 53.47

Gajapat, 1295.6 381 80 79 39 100 126 23.89 29.27

Kalahandi 1378.2 820 371 362 18 515 142 78.15 101.71

Nawapara 1378.2 341 178 176 11 233 133 25.62 33.91

Keonjhar 1534.5 830 302 298 20 400 134 11.99 2808

Koraput 1521.8 838 302 292 13 388 133 71.85 101.23

Malkangiri 1521.8 612 141 130 15 190 147 98.81 34.61

Nawarangpur 1521.8 519 215 186 30 275 148 18.03 29.85

Rayagada 1521.8 759 203 165 22 230 140 34.01 42 .  I  1

Mayurbhanj 1648.2 1042 441 430 23 514 120 71.91 105.69

Phulbani 1597 . I 760 167 155 4 180 116 14.6 17.66

Boudh 1597.1 344 89 82 17 119 145 32.49 36.79

Nayagarh 1449.1 396 133 127 24 226 178 33.38 4616

Sambalpur 1527 671 194 193 78 255 132 62.24 101.74

Baragarh 1527 583 345 342 83 438 128 135.34 212.8

Deogarh 1527 278 72 69 27 92 134 14.18 24.49

Jharsuguda 1527 220 85 81 57 96 118 9.45 20.48

Sundargarh 1647.6 971 337 336 19 398 118 62.72 81.94

Total  non- 1497.619 I 234415571 4558 43586122 28.1938.98 5859 136.5714 983.61 1334.77

coastalTotalorissa 0481502.6

6420 141 1598.64 22318.15

highest wlth 29.53 thousand metric ton followed by
Gan]am   and   Bhadrak   with   28.81   and   19.49
thousand  metric  tones,  respectively  during  1997-
98.  With  respect  to  HYV  seed  use,  Ganjam  ranks
highest in coastal district in terms of total area under
HYV   paddy   (261.31   thousand   ha)   followed   by
Bhadrak and Balasore with 97.61  thousand ha and
92.72  thousand  ha,  respectively.

Livestock and fishery  resources

Among  the  coastal  districts,  Ganjam  records
highest  number  of  livestock  as  per   1995  census
followed  by  Khurdha  and  Balasore.  Jagatsinghpur
district  has  lowest  of  livestock  resources  followed
t)y  Cuttack.   As   regards   to  fish  catch,   Balasore
district ranks highest with Rs.12591  lakhs followed
by  Jagatsinghpur   with   Rs.11644   lakhs  and
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Kendrapara with  Rs.  7503  1akhs.  The  total value  of
fish production of the state was Rs 810 crores during
1998-99.

Forest resources

During 1997, the total forest area of the state was
58135. 47 sq kin, which was 37 . 3% of total geographical
area. The forest survey of India records that only 30%
of the area is under forest area. The forest area of the
state  is  unevenly  distributed.  The  coastal  districts
where population density is  significantly high have a
comparatively   smaller  area  under  forest.   The
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districtwise break-up of forest cover for coastal distncts
reflects  that Ganjam  district has the  maximum  area
under forest cover (around  50% of total geographical
area)   followed   by  Cuttack  (around  250/a)   of  area.
Bhadrak  district  however  has  minimum  area  under
forest cover (only  |o/o).
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Assessment of Soil Biodiversity under Different Land Uses in Coastal
Plains of West Bengal- A Case Study

K.  D.  SAH,  DIPAK  SARKAR  and  A.  K.  SAHOO

National  Bureau  of Soil  Survey  and  Land  Use  Planning
Salt  Lake,  Sector  -11,  Block  -DK,  Kolkata  -700  091,  West  Bengal

Coastal  soils  of West  Bengal  were  assessed  under different  land  uses  in  respect  of physical,
chemical  and  biological  behaviour of the soils.  Soil  I)iodivoi§ity  under different  land  uses was
obsorvod  and  it  was  related  to  the  so"  physical  and  chemical  conditions.  Available  P  and  K
content of these soils did not reflect any beneficial effect to the microbial  population. However,
high  salinity  and  low exchangeable  Ca2twere  related  to  the  microbial  population.

(Key  words  :  Soll btodiuerstty,  Coastal sotls,  LarLd uses)

The  coastal  plains  of West  Bengal  are  formed
by   the   deltaic    deposits    from    the    Ganga   -
Brahmaputra  river and  the  tidal  deposits  from  the
Bay of Bengal  in  the  basement of the  Bengal  basin.
They  are  characterized  by  low  flat  alluvial  plains
with variable  soil physical  and  chemical properties.
The  biological  properties  of the  soils  are  influenced
by  many  factors  including  climate,  vegetation  and
the  physical  and  chemical  characteristics  of  the
soils.  The organisms present in  a  soil  influence  sc)il
formation  aind  are  in  turn  affected  by  the  edaphic

properties  that  govern  water,   air  and  nutrient
supply.  Thus,  a  continual  feedback  relationship  is
established     between     the     land     use     and
microorganisms   and   physical   and   chemical
characteristics  of the  soils.  Land  use  changes  are
the major driver affecting soil biodiversity. Therefore,
the  present  study  was  undertaken  for  assessment
of soil biodiversity under different land  uses in  the
coastal plains of West Bengal.

MATERIALS  AND  METHODS

Surface  (0-25  cm)  and  subsurface  (25-50  cm)
soil samples were taken from five representative sites
like Canning, Sagar, Harinbari, Lothian and Prentice
of the  coastal  areas  of West  Bengal  and  analyzed
for   physicochemical   properties   and   available
nutrients (Jackson,  1973, Black,  1965, Subbiah and
Asija,   1956).   The   microbial   population  of  total
bacteria,  fungi and  actinomycetes  in the  soils were
determined    by    dilution     technique    and    plate
counting,  respectively  in   Thronton's modified agar
medium    (Martin,    1950    and   Jensen,    1950).
Dominancy   of  biotope   was   studied  using  the

quadrates  of  10  x  10  m2 method  (Chapman,   1976).

Climatic  data  were  collected  from  IMD  Pune  and
deviation  of rainfall  from  the  mean  was analyzed.

RESULTS  AND  DISCUSSION

Year  wise  deviation  of  rainfall  characteristics

(Fig.I)   in   Sagar   indicated   that   there   were   few
chances  of  dry  spells  occurring  in  the  area  and
chances  of  floods  in  the  area  occurred  only  twice
during  the  past  21  years.  The  data  also  revealed
that in general the area received rainfall within the
normal  range  with  minimum  deviation  from  the
normal.

Vearwtse deviation of ra.nlall in SagEr
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Fig.1.  Rainfall  devlatlon  ln  Sagar,  W  8`

Physicochemical  properties  (Table   1)  revealed
that  there  was  a  wide  variation  in  the  soil  texture
ranging from sandy clay loam to silty clay in different
sites of the coastal area.s. The percent of sand varied
from  3.2  to  48.0  in  the  surface  soil  and  3.6  to 44.2

percent  in  the  subsurface  soil.  The  percent  of  silt
and clay ranged  from  31.6  to 64.7  and  15.6  to 45.6

percent,  respectively.  It was observed  that the  clay
percent in the subsurface soils remained higher than
in the surface soils. The soils of Canning were acidic

(pH  4.5  to  4.6)  whereas  neutral  to  alkaline  (pH  7.0



Soil  biodiversity  and  land  uses

Table  1. Sotl attnbutes and land use in coastal areas of West Bengal
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Location SoilDepth(cm) Sand% Silt % Clay % pH ECdsm-1 CF,C          Ex.  Ca+2 BS(%) Land  Use

cmol(p+)kg-I

Canning 0-25 3.2 64.7 32.I 46 10.7 17.4 2.5 66 Oryza saliva
25-50 3.6 56.8 396 4.5 11.7 17.9 4.2 78

§ngar- 0--25 48.0 36.I 15.9 7.5 1.4 9.0, 6.7 81 PhoerliJC

Harinbari
25-50 44.2 31.6 24.2 7.0 I.6 10.I 6.5 82 paludosa
0-25 24.2 45.8 30.0 8.5 2.2 20.0 10.9 86 Bxcoecana

Lothian

25-50 19.9 41.7 38.4 7.9 I.9 21.5 11.4 77 agallocha
0-25 19.8 40.3 39.9 7.4 10.8 23.1 12.I 85 Auu=erLnia

Prentice

25-50 9.6 44.8 45.6 7.2 11.4 21.0 9.8 84 alba
0-25 8.I 61.8 30.I 7.5 4.6 22.6 10.8 87 AvicenrLia

25-50 4.9 63.8 31.3 7.3 4.9 19.6 9.7 88 marma

Table 2.  Nutrient status and Tr.icrobial population in coastal area

Location Soil 0.C. Av-N Av-P Av-K Bacteria Fungi Actinomycetes
depth % x  los/g xl03/g x  l03/
(cm) Ppm Ppm Ppm soil soil

8soil

CanningSa8ar 0-25 1.19 202 11 286 `2T  .C'
25.9 I.8

25-50 0.47 152 22 330 19.6 20.7 07
0-25 0.47 58 25 106 75.3 25.6 34.0

Harlnbari
25-50 0.45 64 30 225 68.4 24.2 31.7

0-25 0.56 50 31 681 65.0 25.6 33.6

Lothian
25-50 0.37 46 31 625 61.I 21.4 32.4
0-25 1.17 116 32 630 4.3 2.4 2.3

Prentice

25-50 121 101 30 618 4.1 i.6 2.1

0-25 0.52 122 48 562 7.8 2.I 3.3
25-50 0.69 109 22 518 6.I I.5 2.8

to  8.5)  reaction  was  observed  in  the  soils  of Sagar,
Harinbari,  Lothian  and  Prcntice.  The  salt  content
varied  from  1.4 to  11.7 dsm-1.  Soils of canning and
Lothian  showed  higher  salt  content  ranging  from
10.7  to   11.7  dsm-1.  The  cation  exchange  capacity
ranged  from  9.0  to  23.1   cmol  (p+)  kg-I.  CEC  of  the
soils  were  at  moderate  level  except  for  the  soils  of
Sagar.  The  base  saturation  varied  from  66  to  88
percent.  The  land  use  data  revealed  that  Phoeriir
pa/udosa  and  Excoecanci  czgczJ!ocha  were  dc>minant
with  low  salinity  soils,  whereas  Auicem!.a aJba and
ALJicenm'a manrici were  dominant in  the  soils having
high  salinity.   Reclaimed mangrove soils of Canning
were  utilized  for  rice  cultivation.

Nutrient  status  and  microbial  population  are

presented in Table 2. The organic carbon content in
the soils ranged from 0.33 to  1.21  percent. The soils
of  Canning  and  Lothian  had  high  organic  carbon,
whereas   low   to   medium   lcvcl   (0.37   to   0.69°/a)   of
organic  carbon  were  reported  in  the  soils  of Sagar,
Harinbari  and  Prenticc.  Available  N,  P  and  K  were
found to be lower in the soils of Sagar and Harinbari

than  in  the  soils  of Lothian  and  Prentice.  Bacteria
were the dominant microorganism varying from  1.7
to    75.3    x    105   cells    g-I    of   soil    followed    by
actinomycetes  varying  from  0.7  to  34.0  x  103 cells

g-I,  and  fungi  (1.5  to  25.9  x   103  cell  g-I).  In  all  the
cases,   subsurface  soil  accounts  lower  microbial
population  in  comparison   to   the   surface  soil.
Microbial population was high  in  the  soils of Sagar
and   Harinbari   under   Phoem`x  pa!uc!osa  and
Ejtcoecari'a  aga!!ocha  in  comparison  to  the  soils  of
Prentice   and   Lothian   soils   under  the   flora  of
ALJ!.cenm.a ci!ba and Aui.cerim.a mclr].nci.  Harinbari and
Sagar  soils  had  higher microbial  activity  than  that
of Prentice and  Lothian soils which might be due to
anaerobic condition  prevailing in the latter group of
soils.  Further,  Lothian  soils  showed  least microbial

population,  whereas  Sagar  soils  showed   higher
microbial  population,  which  might  be  due  to  the
variation   in   Salinity   level.   Similar  results  were
obtained by Gupta and  Bajpai  (1974)  while working
with   salt   affected   soils.   The  available   P  and   K
contents  of these  soils  are  however  high.  Inspite  of
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aerobic  condition,   the  population  of  bacteria  was
found  lower in the  soils of Canning than the soils of
Sagar  and  Harinbari  which  might  be  due  to  high
salinity  and  low  exchangeable  Ca2+  in  case  of  the
former.  It  was  revealed  that  the  land  use  controls
and  manipulates  the  organism  responsible  for
nutrient cycling through its effects on soil physical,
chemical and  bic>logical habitats.  The low biological
activity  in  saline  soils  might  be  due  to  osmotic  aLnd
Ionic  stress  induced  by  salts.

Variation  of  physical  and  chemical  properties
of soils in  the coastal  area with  different land uses

provided   variable   microenvironment   to    the
organisms  for  its  activity  and  growth.   Depending
upon  the  microbial  populations,  the  biochemical
oxidation and reduction reactions showed significant
implicationln   Plant    nutrition    as    well    as
environmental duality. Microenvironment of the soils

played   a   majqr   rlole   in'the   land   use   and   its
sustainability.   ,
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Assessment of Changes in Kolleru Lake in Andhra Pradesh
due to the Development of Aquaculture Using Satellite Data
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Kolleru  lake is ensconced between the two major river basins ol the rivers Godavari  and  Krishna
and  functions  as  a  natural  flood  balancing  reservoir between  the  two  deltas.  Aquaculture  and
agriculture  encroachments  into  Kolleru  lake  have  caused  serious  drainage  problems.  Images
taken   by  Indian   Remote  Sensing  satellite  lRS-1D  have  indicated  that  there   is  very  drastic
reduction  in the area of the  lake  over the  past three decades  and  it l`as  lost its  identity a§  lake.
The satemte  pictiire clearly  indicated the encroachment of lake and about 43  percent of the 245
sq kin area of the lake was encroached for aquaculture. The discharge water from the aquaculture
was  directly  led  into  the  lake.  The  very  high  level  of  nutrients  recorded  in  the  lake  water  may
affect the  human  food  chain  in  the  long  run.

(Key words:   GIS,  Satellite date,  Aquaculture, Kolleru lake)

It  is  estimated  that  in  less  than  25  years  two-
thirds  of the  world's  people  will  be  living  in  water-
stressed countries, water use is expected to increase
by  40  percent,  and   17  percent  more  water  will  be
required  for  food  production  to  meet  the  needs  of
the growing population (World Water Council, 2000).
The major factors causing increasing water demand
over   the   past   centur}J   are   population   growth,
industrial   development  and   pollution,   and   the
expansion  of irrigated  agriculture.

Kc)lleru Lake is a large freshwater lake in Andhra
Pradesh state.  Kolleru is ensconced between the two
major river rivers  Godavari  and  Krishna  deltas  and
it is the largest freshwater lake  in  our country.  This
lake  has  been  designated   as  a  Ramsar  Site  in
November 2002  considering that the  lake  functions
as  a  flood  balancing  reservoir  between  the  Krishna
and Godavari deltas and that it supports vulnerable
species   like   grey   pelican   as   well   as   water  fowl
Including a variety  of resident  and  migratory  birds.
However  the  reality  appears  different.  Due  to  lack
of awareness of the importance of this type of coastal
wetland environments,  the lake has been subjected
to  severe  degradation during  the  recent decades.

The entire area of the lake comprises vast plains
Interspersed  with  pools  of  water  with  a  few  tree
species, such aLs  Borassus foabellifer,  Acacia nilotica
and  Azadi'rachta  !.nd{cci,  etc.  The  shrubs  and  herbs
are typical coastal vegetation.  The  entire vegetation
of  this  area  can  be  classified   into   aquatic  and
terrestrial vegetation.  The  lake is covered  by  littoral

vegetation,   predominantly   the   hydrophytes.
Although  the  lake  is  about  35  kin  inland  from  the

present  coast,   it  was   the   cr`astal   lagoon   in   the
geological past, believed to have been formed around
6000  years  BP,  when  the  shoreline  was  far  inland
along  the  southern  margin  of  the  lake,  as  evident
from  the  presence  of  series  of  relict  sandy  beach
dune  ridges  right up  to  the  southern  margin  of the
lake near Kaikalur and Akividu towns (Sadakata and
Rao,1997).

Apparently,  this lagoon has progressively fallen
inland  with  the  advancement  of  the  Krishna  and
Godavari  deltas  on  both  sides  of  it.  A  number  of
rivulets,  such  as  Tamileru,  Budimeru  and  several
other  smaller  ones  draining  a  total  catchment  of
about 5400 km2  decanting their water Into it (Hema
Malini  €f ciz.,1999).  I,ack of regulation of the  seaward

flow   of  the   Kollcru   waters   during   monsoon   is

progressively increasing the high flood  line,  causing
major  food   problems  in  the  surrc)unding  cities  of
Eluru  and  Gudivada,  besides  submerging  second
crop,  paddy lands and fish tanks. The water spread
varies from  135  sq kin at +3 in above  MSL to 901  sq
kin  at  +10  in  above  MSL.  The  average  depth  of the
lake,  which  varies  from  0.5  in  to  2  in,  is  gradually
being  reduced  due   to  siltation.     Tre  fast  rate  of
development of fishponds in Kolleru lake has become
a  major  environmental  Issue  and  the  study  was
taken  up  to  assess  the  changes  in  the  land  use

pattern  using  satellite  data.
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execution, otherwise this once pristine natural water
body will disappear and the opportunity to protect most
precious natural assets may be lost forever.
Table 2. Pouutond standards f tor inland surface urater

Paranet€rs Standards

BODS at 20°C

pH
Total suspended  solids
Dissolved pho sphate

Total residual chlorine
[nsecticides

Fluorides  (as F)

Sulphides (as S)

Cyanides (as CN)

30 mg/I

5.5 -9.0

loo ppln
0.2 ppm

I.0 mg/I

nil
2.Omg/I

2.Omg/1

0.2  mg/I

(ls:2490-1963)
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Monitoring Nutrient Status of a Pilot Site in Coastal
Agroecosystem of Karnataka Using GIS Technique
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B.L.  HARIKRISHNA,  K.M.  ANEGUNDl  and  N.B.  TEJASWINI
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Monitoring   of   available   nutrient   status   in   a   pilot   Sito   (Mirjan   village)   under   coastal
agroecosystem  of  Karnataka  was  carried  out  over  seasons.  Soil  samples  at  random  were
collectod  under  different  land  uso§  in  the  study  area  twice  ln  the  yea.  (May  ar`d  October)  for
five  seasons.  The  exact  sample  locations  w.re  recorded  using  a  GPS.  The  soils  were  acidic
and  non-saline  with  low  watoi  soluble  §alts.  Organic  carbon  content  of  the  surface  SOH  was
higher  than  tliat  ol  subsurfaco  soHs  with  docrea§ing  trend  ov.r  the  season.  The  available
nitrogen  content  of the  soils was  generally  low to  mediiim.  Majority  of the  Study  area  (55.36%)
was having low P status.   The majority of the area was low in available K. Water soluble cations
followed  decreasing  trend  over a  period.

(Key u)ords:  Auculable  nutnents,  GPS)

Karnataka  has  a  coaLstline  of  310  kin  on  the
Arabian  Sea.  Three  major  groups  of  soils  namely
laterites,  red and alluvial soils  are  met with in this
area.   Many of the soils in this ecosystem are fragile
and  mis-management  may  rapidly  lose  whatever
capability they have for sustained productivity.   An
attempt has  been  made  to  monitor  nutrient  status
over  seasons  in  a  pilot  sitc  (Mirjan  village)  under
coastal agroecosystem  of Karnataka.

MATERIALS  AND  METHODS

Soil  samples  at  random  were  collected  under
different  land  uses  in  the  study  area  twice  in  the
year  (May  and  October)  for  five  seasons.  The  exact
sample  location  was  recorded  using  a  GPS.   Soil
samples were drawn from two depths,  0-30 cm and
30-60 cm. The information on crops was also noted.
Processed  soil  samples  were  analysed  for  nutrient
availability   by   following   standard   analytical
techniques  (Jackson,1967).

RESULTS  AND  DISCUSSION

Soil  pH  and  salt content

The data on soil pH over seasons indicate  (Table
1)  that  the  soils  under  study  were  acidic  with  the

pH  ranging from  3.92  to 6.95.  The  soils were  acidic
and  non-saline. This can bc  attrlbuted  to the  acidic

parent material,  LJ]z.  granite or granite gneiss, which
are low in base minerals.  Mean soil pH over seasons
indicate that there was decrease in soil pH with time

as the soils were subjected to high degree of leaching
due  to  high  rainfall  (3500mm  per  year)  received  in
about  4  months.  High  rainfall  causes  leaching  of
bases,  which  contribute  to  acidity,  as  observed  by
many workers  (Patil and  Ananthanarayana,  1990).
Soluble  salt  content  or  the  samples  was  very  low
and  decreased  over  seasons  (Table  1).

Organic  carbon

Organic carbon  content of the  surface  soil was
higher  than  that  of  subsurface  soils.   Mean  OC
content  of surface  and  subsurface  samples  ranged
from  1.16  to  1.35%  and  0.81  to  0.91%,  respectively
with decreasing trend  over the  seasons (Table  1).  In
most of the samples organic carbon content was high
at the  surface  thaLn  in  the  subsurface.  This  can  be
attributed  to   luxuriant  vegetative   growth  and
consequent addition of organic matter to soil in this
heavy  rainfall  area  (Powar  and  Mehta,   1999).

Available  nitrogen

The  available  nitrogen  content  of the  soils  was

generally low to medium and ranged from  100.3S to
780.40  kg per ha with  a mean of 437.62  kg per ha.
The  available  nitrogen  content  of  surface  samples
was higher than that of subsurface soils (Powar and
Patil,   1995).   Nitrogen  content  ranged  from  low  to
high  in  available  status with  decreasing trend  over
the  seasons  (Table  2).  Exceptionally high  N  content
at   some   sites   is   due   tc)   indiscrlminate   use   of
fertilizers  by  the  farmers.   Even  with  high  organic
carbon status of these soils, low to medium N  status
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Table  1. pH, EC and organ\c carbon content of soil samplesr,\

pl]  (I.2  5  water) EC  (I:2.5  water)  dsm.i Orgr€ %:§{i'iface.~ Subsurface

Surface                Su b su rface Su rface                S ub surface

I  Season  (May,  2002)

Range 4.38-6.95                  4.49-6.98 0.01-0.74                    0.01-0.89 0016-3:5_;tt-T°°03-93[33

Mean 5.35                                5.48 014                                    0.12

SD 0.51                                   0.43 0.12                                    0.14 Oi89-,               I               0.63

11  Season  (October,  2002)

Range 4.04-6  06                    4.3-6.78 0.01-0.51                    0.01-0.64 o.o5i3^3ZTT    o.o3-3.olI.%,,;1o,85\'d:'L2r£i_o.55

Mean 5.14                                   5.30 012                                    0.10

SD 0.44                                0.39 009                                    0.11

Ill Season (May,  2003)

Range 3.96-5.96                   4.05-5.72 0.01-0.54                   0.01-0.26 0.05-3.52                   0.03-2.74

Mean 4.77                                 4.91 0.07                                0.07 1.27                                   0.86

SD 0.47                                 0.43 0.07                                0.05 0.83                                0.56

rv   Season (October,  2003|

Range 4.03-6.03                   4.27-6.74 0.01-0.45                     0.01-0.61 0.04-3.38                  0.03-2.68

Mean 5.09                                5.25 0.12                                  0.09 I.16                                     0.81

SD 0.43                               0.40 0.08                                 0.10 0.77                                0.53

V   Season (May,  2004)

0.OIL-0.520              0.010-0.258 0.05-3  50                  0.03-2`73Range 3.92-5.91                    4.01-5.75

Mean 4.70                               4  82 0.071                             0.063 1.22                                  0.83

SD 0  43                             0,42 0.068                          0.050 0.79                               0.54

Surface,  0-30  cm;  Subsurface,  30-60  cm

may  be  due  to  the  fact  that  the  soil  could  retain
only  a  limited   quantity  of  mineralized   N   and
signiricant  amount  of N  lost  through  leaching  and
denitrification  in  the  soils  (Usha  and  Jose,1983).

Ammoniacal  and  nitrate  nitrogen

Measured  changes  in  field   ammoniacal  and
nitrate  nitrogen  are  the  net  result  of a variety  c)I N

processes   acting   simultaneously,    Including
mineralization  of  organic  nitrogen,  nitrification  of
ammonia originating from  both  native  and  fertilizer
sources,  denitrification,  immobilization,  defixation
of ammoniacal  N  and  leaching.

Readily available  form  of nitrogen  (NH4-N and
N03-N)   followed   the   trend  of  available   nitrogen
in  soil.  Level  of ammoniacal  nitrogen  was  always
low in comparison with  nitrate nitrogen indicating
high   rates  of  nitriflcation    Largest  amount  of
ammonium   and   nitrate   occurred   in   surface
horizons and  decreased with  depth  in  these  soils.
Similar  observation   was   made   by   Small   and
Misztal  (1996).

Available  phosphorus

Available  P content was  in  the  range  of  1.99 -
70.1  kg  ha-1.  Available  phosphorus  content  of  the
surface samples was higher than that of subsurface
samples.  Similar observation was made by Dongale
(1993)  in  laterite  soils  of coastal  region.  It  was  low
to  high  in  available  status  and  decreased  over  the
seasons   (Table   3)     Majority   of  the   study   area

(55.36%)  was  having  low  P  status.  Since  the  soils
are rich in hydrated as well as amorphous oxides of
Fe  and  Al,  the  potent  source  of P immobilization,  P
content  is  very  low  in  these  soils  (Badrinath  et  a!.,
1986). Available P content was medium at some sites
in  the  study  area  where  pH  was  near  neutral.  The
near neutral pH has a significant role in enhancing
the  P  availability  (Wahid,   1985).

Available  potassium

Available  potassium  content  of  surface  and
subsurface  samples was low to  high and decreased
over  the   seasons   (Table   3).   Ranganathan  and
Satyanarayana  (1980)  observed  low  content of K  in
these  soils  due  to  low  pH.  Available  K  content  was
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Table 2. Auallable N,  NH4 ~N and N03-N content Of soil samples

I Season (May,  2002)

Range loo.35-780.40         94.08-592.70 25.68-99.02              15.23-98.02 25.37-150.53        21.95-134.85

Mean 420.34                        347.34 53.03                           48.72 70.94                      62.88

SD 144.87                              121.58 17.49                               17.49 23.47                       23.09

11 Season (October,  2002)

Range 125.70-740.80         74.04-579.92 20.34-94.08              12.24-94.08 24.29-125.44       21.29-Ilo.22

Mean 380.26                           316.72 50.33                           44.49 65.44                        56.99

SD 133.89                             LIL.32 17.14                                 17.25 19.35                           19.75

Ill Season (May, 2003)

Range 104-522                      144-498 19.6-70.0                     10.0-72.8 32.0-Ilo.0              20.0-93.0

Mean 325                               276 36.5                                 31.9 53.2                           44.8

SD 9277 11.0                                       9.6 12.3                                  13.4

IV  Season (October, 2003)

Range 220-630                       73-572 20.0-92.I                      12.I-921 23.3-123.4             20.3-log  2

Mean 422.16                           334.10 48.5                                 42.8 63.5                            55.2

SD 115.67                               122.01 16.4                                      16.5 18.8                                   19.I

V   Season (May,  2004)

Range 211-518                        160-465 19.2-69,0                      9.6-71.3 31.6-108.0               20.0-92.1

Mean 343                              293 36.0                                   31.7 52.6                            44.3

SD 7873 10.8                                     9.6 12.0                                  13.3

Surface,  0-30  cm;  Subsurface,  30-60  cm

Table 3. Auatlable phosphorus and potassium
content of  soil sample

I Season (ngay, 2002|

Range 1.99-70.11    2.02-51.28 15.00-463.20    9.00-385.40
Mean 9.78                  7.37 92.30                   70.38
SD 11.87                  7.46 76.50                   62.89

11 Season (Octet)er, 2002)

Range 1.12-53.76     I.09-25.62 19.00-413.6310.00-381.80

Mean 7.07                   5.84 84.55                     63.18

SD 6.72                   5.05 73.72                    60.36

Ill Season (May, 2003)

Range I.0-49.0           1.0-19.5 49-343                49-392
Mean 7.1                        5.6 124                             118

SD 7.4                      4.5 6161

IV  Season (Octol)er, 2003)

Range I.0-51.8           1.0-23.6 19-403                 9-376
Mean 6.6                     5.4 82.6                        62.7

SD 6.3                     4.6 7362

V  Season (May, 2004)

Range 1.0-47.2            I.0-17.8 46,0-340          47.0-385.0
Mean 6.8                      5.4 120.7                         115.7

SD 7.0                      4.2 59.7                         56.7

Surface,  0-30 cm;  Subsurface, 30-60 cm

more  at  the  surface  than  at  the  lower  depth.  The
majority  of the  area  (65.59%)  was  low  in  available
K,  27.21°/o  area  was  medium  and  7.26%  area was
high in K status.  Coarse textured and gravelly soils
with deeper solum  are  particularly low in  available

potassium  due  to  faster  and  deeper  leaching.  In
highly  weathered  soils  like  laterites  where  strong
weathering had reduced the K content of the entire

profile to a low level,  the  surface soil had a higher K
content than the subsoil (Sekhon and Bansal,  1982).
The action of plants in transporting K to the surface

probably  is  responsible  for  this.
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'``:,`Fertility Status of Salt Affected Soils of

I ''rNorthwest Agroclimatic Zones of Gujarat
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',p„      Department of Agricultural  chemistry and  soil  science
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Fertility status  of salt affected soils of northwest agroclimatic zon®s  of Gujarat w®r® evaluat®d
by anal9zih9ljl[ro  soil  §amples.  It was  observed that th®s.  soils,  in  general,  arc  low  in  organic
carbon\and  C*I}eA  extractable  Zn,  medium  in  available  P206,  and  high  in  KzO,  F®,  Mn  and  Cu
status.  It was_emphasized  that the  use  of fertHiz®rs  ln  such  Soils  needs  to  bo  made  only attor
Soil  testing.

(Key words: Fertility status, Northu)est agrochmat c zone, Nutrient index)

Soil  testing  for  macro  and   mlcronutrients  is
necessary for making fertilizer  recommendatlons to
Increase  crop  production    lndiscriminate  use  of
fertilizers, however, may add to salinity besides extra
expenditure   to   the   farmers.   The   northwest
agrc>climatic  arid  zone  has  severe  salinity/sodicity

problem    (0.575    million   ha)   which   restricts
agricultural production.  The  saline  and  alkali soils
are  usually  low  in  nitrogen,   medium  to  high  in

phosphorus,   and   high  in  potassium   (Joshi  and
Kadarekar,  1987).  However,  precise  Information  on
the   fertility   status   of  the   salt   affected   soils   of
northwest  agroclimatic  zone  of  Gujarat  is  lacking
and hence the present investigation was undertaken.

MATERIALS  AND  METHODS

Twenty surface  (0-30 cm)  soil samples from each
of 22  fafukas of 6 districts of this zone having salinity/
sodicity  problems  were  collected  from  the  cultivated
fields.  In  all,  440  soil  samples  were  collected  which
were air dried and ground to pass through 2 mm sieve.
The  EC2 5 (dsm-I),  pH2 5  and  ESP values of northwest
agroclimatic zone ranged from 0.19 to 8.20, 7.0 to 9.0
and  29.6  to  33.9  with  mean  value  of  1.29,  8.03  and
11.70,  respectively.  The  soil  samples  were  analyzed
for O.C., available P205 and K20 by standard methods

(Jackson,  1973). DTPA extractable micronutnents were
determined by Atomic Absorption  Spectrophotometer
as  per  the  method  c>utlined  by  Lindsay  and  Norvell

(1978).  Nutrient  index  was  calculated  utilizing  the
following formula.

Nutrient  index  =  I(Nl  x  1)  +  (Nm  x  2)  +  (Nh  x  3)I/Nt

where, Nl, Nm and Nh are the number of soil samples
falling  jn   low,   medlum   and   high  categorles  for
nutrie!`.t status and  are given weightage of 1, 2  and
3,   respectively.   Nt   is   the   total   number  of  soil
samples.

RESULTS  AND  DISCUSSION

The  data  presented  in  Table   1   indicate  that
overall organic carbon was found low and it ranged
from  0.53  to  9.55  with  a  mean  value  of 3.2
The lowest (0.53  g kg  I) and highest (9.55

kg-I.

status  was  found  in  soils  of  13hachau  and  Anjar
fciJttka   of  Kachchh   district,   respectively.   The
available  P205  and  K20  status  were  medium  and
high  and  ranged  from  5.12  to   122.9  and   104.8  to
1048.4  with  mean  value  of 40.0  and  464.4  kg ha-I,
respectively.  These  results  are  in  direct  line  with
Joshi  and  Kadrekar  (1987).  The  DTPA  extractable
Fe,  Mn,  Zn  and  Cu  varied  from  4.44  to  26.40,  2.73
to  30.08,  0.049  to   1.880  and  0.165  to  2.970  with
their  corresponding  mean  values  of  11.45,13.04,
0.467  and  1.327  kg ha-I,  respectively.

The  nutrient  index value  (Table  2)  were  found
low  for  organic  carbon  and  DTPA  extractable  Zn,
medium  for  available  P205,  and  high  for  K20  and
Fe, Mn and Cu in the salt affected soils of Northwest
agroclimatic zone  of Gujarat.
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lcll)Ie  J    I.c>rtTlitg  slatils Of salt affected scitls of northu)est agroc,lunattc zone Of Glujarat

Dlstrlct o,C   (gl(g  t      Av(ak:afie[;20s Av?i`gai|:,T2o Available  micronutrients  (mg kg  1)
Fe Mn Zn0.049-1880 Cu0165-2  970

Kachchh 0.53-9.55 5.12-I 22.9 104.8-884.8 45.54-26.40 2.73-30.08
( 180) (37) (37   1) (416,9) ( 11.68) ( 11.32) (0.644) (1121)

RaJkot 1.52-6.32 1012-58  9 419.3-1048.4 7.50-16.11 6.96-20.01 0.049-0.643 0  990-2  795
(20) (36) (30  6) (682.4) (10-34) (12.37) (0.267) ( I. 904)

Surciidl.anagar I .05-6.87 `5.12-79.3 104.8-1015  9 4 44-20.27 6.09-26.22 0.049-1.633 0  330-2  475
(60) (2.4) (33.81 (422.4) ( 10.37) (12  27) (0.373) (  1.43)

Amdavad I.14-6.68 I 0.2-105.4 175 0-949.8 6,94-22.22 4.47-26.84 0.049-I  086 I   15512  805
(20) '2.9) (43.8) (5 I 1. 8) (12.79) (13.S4) (0.383) (I-732)

Mehsana I.3.*5.53 7.68-117.8 314. 5-1048.4 4.72-i9.44 4.48-26.07 0.049-0 79, 0  825-2  640
(40) (29) (40  6) (608.8) ( 11.26) (13.61) (0.357) ( I,58)

Banaskanth 0.58-7.44 10,2-103  4 104  8-949.4 4.72-2S.27 6.16-28.20 0.049-0  940 0  495-2  970
(  120) (2.3) (48.0) (431. 2) ( 11. 36) ( I  5.86) (0  332) (  I.335)

Overall  zone 0  53-9.55 .5 .  I 2 - I 2 2  9 104  8-1048.4 4  44-26.40 2.73-30.08 0  049-1880 0165-2.970(1327)
(440) (3.2) (40.0) (464.4) (1145) (13,04) (0  467)

Parenthesis  iinder  distri.t  Indicates  number  of samples,  and parenthesis under  fertility  data Indicates  mean

Tc.bte  2.  Nutneilt mtlc.x f or lI.ie a uallable rlutrients
I)resent in the siLlt  Offec,ted  soils

Dlstrlct Major nu[nents Mici.onutrients

OC,I)_)0,.,       K,O Fe         Mn       Zn         Cu

Kachchh 134178      2.66 272      2541.75      284

RaJk(,t 130       ]70      300 2.45       2.7`5      1.1`5       3.00

Surc`ndranagar 1}31.68       2,90 246      2.68128     298

Amada\'ad I.15      2.cO      2.90 2.75     2.70      I.3       3.00

Mchsana 1031.83      248 2.48      2.72     1.33      3.00

Banflskantha I.03     208     249 2.52      2.84120      297

Overall  zone 1181.85      260 2.60      2.68     I.45      2.93
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Fertility  Status  of Irrigated  Soils  of
Coastal Amreli  District  of Gujarat

J.V.  POLARA  and  B.D.  KABARIA

Department  of Agricultural  Chemistry  and  Soil  Science
Junagadh  Agricultural  university,  Junagadh  -362  001,  Guiarat

Chemical  analysis  of  220  surface  soil  samples  of  Amreli  district  indicates  that  soils  were
deficient witli  respect to available  N  and  S,  whereas  medium  in  available  P20s  and  KzO status.
Among  the  DTPA  extractable  micronutrionts,  Mn  and  Cu  were  found  §ulficient,  whereas  the
soils were  medium  in  Fe  and  Zn.  The  nutrient  index values  were  low tor available  N  (1.02)  and
S(1.27),  medium  for  available  P205 (1.83),  KzO  (2.11),  DTPA  extractable  Fe  (2.04)  and  Zn  (1.65),

and  high  for  Mn  (2.68)  and  Cu  (3.0)  in  the  soils  ot  Amreli  district.

(Key words. Auatlable macror.utnerits,  DTPA ex±Tactable micronutnent.  Nutnent index)

Optimum  use  of fertilizers  is  a  major  factor  in
any programme designed to bring about an economic
increase in agricultural production. It has been seen
that the amount of fertilizers required for the same
crop  varies  from  soil  to  soil  and  even  from  field  to
field of the  same  soil.  Maintenance of fertility of the
soils is of immense  concern  to  obtain  higher yields
from  it,  because  plant  growth  removes  nutrients
continually  from  the  soils  and  thereby  creating
deficiencies of some nutrients. Therefore, an attempt
has  been  made   to   study  the   fertility  status  of
irrigated  soils  of coastal  Amreli  district  of Gujarat.

IVIATERIALS  AND  METHODS

Twenty  surface  soil  samples  (0  -15  cm)  were
collected   from  each   of  eleven   taJukas  of  Amreli
district,  viz.  Amreli,   Bagasra,   Kunkavav,   Babra,
Lathi,  Liliya, Savarkundla, Dhari, Rajula, Khambha
and Jafrabad during May,  2003.  Soil samples were
air dried,  ground  and  passed  through  2  mm  sieve.
The  available  N,  P205,  K20  and  S  were  determined
as  per  the  methods  described  by  Jackson  (1973),
while   DTPA   extractable   micronutrients   were
determined  by  Atomic  Absorption   Spectrophoto-
meter  as  per  the  method  outlined  by  Lindsay  and
Norvell  (1978).   The  nutrient  index   (NI)  values  for
available   nutrlents   present   in   the   soils  were
calculated utilizing the formula suggested by Parker
et ci!.  (1951)  and  classified  this  index  as  low  (< 1.5),
medium  (1.5  to  2.5)  and  high  (>2.5):

NI=  I(Nl  x  1)   +   (Nm  x  2)  +   (Nh  x  3)I/Nt,

where, Nl, Nm and Nh are the number of soil samples
falling  in  low,   medium  and  high  categories  for
nutrient status and  are given weightage of  1,  2 and
3,  respectlvely.  Nt  is  the  total  number  of samples.

RESULTS  AND  DISCUSSION

The data on available macro and micronutrients
are  presented  in  Table   1.   In  general,   the  soils  of
Amreli  district  were  low  in  available  nitrogen.   It
ranged from  117  to  277  with  a mean value of  186  5
kg ha-I . The avaLilable P205 and K20 status was found
to  be medlum  and  ranged  from  3.2  to  116.0  and  67
to  1601  with  an  average  value  of 38.44  and  245  kg
ha-I,   respectively    The  medium  to  high  status  of
available P205 and  K20  may  be due to the fact that
farmers  are  applying  FYM  to  the  field.  The  soils  of
Amreli  district  were  high  in  available  Mn  and  Cu
and  medium  in  Fe  and  Zn.  The  DTPA  extractable
F`e,  Mn,  Cu  and  Zn  varied  from  1.10  to  16.34,  0.54
to  23.02,  0.98  to  6.99  and  0.20  to  2.94  with  their
corresponding mean values of 7.84,12.63, 3.90 and
0.64  mg  kg-I,   respectively.   These   results  are  in
conformity  with  those  of  Timbadia  and  Maliwal
(2000)  and  Srivastava  and  Srivastava  (1992)

The  nutrient  index  values  (Table  2)  were  low
for  available   N   (1.02)   and   S   (1.27),   medium   for
available  P205  (1.83),  K20  (2.11),  DTPA  extractable
Fe  (2.04)  and  Zn  (1.65),  and  high  for  Mn  (2.68)  and
Cu  (3.0)  in  the  soils  of Amreli  district.
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Table  1. Ta.luke.-ujrse range and rrLean Values for available nutnent status
tn tmgated surface soils of coastal Amrelt c±.strrot

51

Name  oftaluk-as Available  macronutrients DTPA  extractable  micronutrlents (mg kg-I)

N P205 K20 S Fe Mn Cu Zn
(kg  ha-'J (kg    ha-1) (kg  ha-I) (mg  kg-1)

AmrellSavarkundlaI(aJulaJarrabadKhambhaDharlBabraKunkavavBagasraLlllyaLathiOverall 167-266 19.0-57.2 67-593 1.13-18.11 2.95-11.31 6.32-23.16 I.66-3.86 0.34-1. I  I

(213) (39.2) (252) (8.56) (7-69) ( 14.80) (2.38) (0  53)

133-244 6.3-60.4 loo-571 1.38-18.11 3.21-16.34 6.29-22.17 I. 66-4 . 98 0. 44-I.19

(189) (25-7) (246) (7.24) (8.20) (13.15) (2,66) (0  57)

152-261 3.2-65.2 134-481 I.13-12.0 2.18-11.18 8.23-23.02 2.67-5.02 0.36-2.94

(206) (23  3) (303) (4.53) (7.63)       i (  16.15) (3.86) (0.61)

117-236 17.5-81.1 67-425 i.38-17.0 3.83-14.98 7  54-22.52 2.22-6.09 0.40-164

(199) (38  3) (234) (8.00) (8.97) ( 16.19) (4.12) (0  57)

123-238 12,7-90.6 78-470 1.74-21.43 1.10-16.23 0.54-20.16 2.0-5.99 0.25-2.10

(172) (39.0) (191) (6  00) (8.11  ) (  11.53) (4.12) (075)

120-277 11.1 -82.7 112-380 I.38-101 5.45-14.49 10.0-18.0 3.47-6.99 0.31-2.43

(183) (38  0) (204) (3.50) (8,90) ( 13.66) (4.46) (0.70)

131-229 8.0-82.7 134-537 I.13-12 .48 I.98-11.05 7.10-19.95 3.90-5.51 0.37-2.47

(181) (43.I) (245) (4.37) (7.19) ( 1  1.  15) (4.81) (0,68)

120-241 9.5-116.0 156~459 2.15-16  5 4.10-9.62 5.98-20.05 3.86-5.42 0.34-2.36

(179) (46.7) (238) (6.13) (7.10) (9-56) (4.65) (0.66)

125-216 11.I-63.6 134-302 I.64-18.87 2.52-11.52 0.86-15.64 4.34-5.36 0.35-2.40

(171) (36  7) (206) (7.08) (6.83) (9.42) (4-96) (0.80)

138-229 9.5-66.8 168-660 2.15-27.83 3.04-13  49 9  46-17.93 4.58-6.18 0.20-1.61

(176) (45  0) (268) (7.39) (7.78) (13.0) (5.26) (0  64)

135-230 15.9-66.8 145-1601 2.25-27.83 3.15-13.89 6.64-14.40 0.98-2.62 0. 30-1.10

(183) (47,9) (306) (6  51) (7.89) (10.36) (1.90) (0.57)

117-277 3.2-116.0 67-1601 I.13-27.83 I.10-16.34 0.54-23.02 0.98-6.99 0.20-2.94

(186.5) (38.44) (245) (6.30) (7.84) (12.63) (3.90) (0.64)

Values in  parentheses indicate  the  mean  values

Table 2.  NutnerLt index Of auatlable nutnents for
ingated soils of coastal Amreli distnct

Name of Macronutnents Micronutnents
talukas N P205 K20 S Fe Mn Zn Cu

Amreli I.15 1.75 2.05 I.35 2.00 2.85 1.55 3.0

Savarkundla 1.0 1.40 2.05 1.25 2.00 2.80 1.95 3.0

RaJula I.05 1.35 2.50 I.15 2.05 2.90 1.40 3.0

Jafrabad 10 1.85 2.05 I.45 220 2.95 165 3.0

Khambha 1.0 1.85 I.80 1.40 2.15 2.55 I.70 3.0

Dhan I.I 185 2.00 105 2.30 2.95 I.65 3.0

13abra I.0 2.00 2.10 1.15 I.85 2.50 1.75 3.0

Kunkavav I.0 2.05 2.15 1.25 1.85 2.35 1.65 3.0

Bagasra I.0 1.80 2.05 I.30 I.90 2.35 I.85 3.0

Liliya I.0 2.10 2.30 1.35 2.05 290 170 3.0

Lathl 10 2.15 2.20 I.30 2.10 2.40 170 30

Overall 102 183 2.11 1.27 2.04 2.68 I.65 3.0
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investigation  on  the  extent  of  chemical  degradation  affecting  the  soils  of  northwest  zone  of
Gujarat  revealed  that  nearly  half  (49.7  %)  of  the  cultivated  soils  of  this  zone  suffered  from
salinity,  followed  by  sal`nity-sodjcity  (31.2  %)  and  sodicity  (19.1   %).  The  soils  of  the  zone  are
poor  in  organic  carbon  (range  0.053  to  0.86,  mean  0.312  percent),  alkaline  in  reaction  (pH  mean
8.03),  and  calcareous  in  nature  (Cac03  range  0.3  to  25  percent).
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An estimated area of 0. 575 in ha in the northwest
agroclimatic  arid  zone  has  scvcre  salinity/sodicity

problem  which  is  restricting  agricultural  production
to  a  significant  extent.   In   order  to  evolve  effective
management strategies to sustain productivity of these
salt  affected  yet  potential  areas,  there  is  a  need  to
characterize the  soils and subsequently map them at

proper scale,  so that researchers, planners and policy
makers  have  a  ready  refercncc  at  hand  for  needful
action. The present study has been taken up with this
primary  objective  in  mind.

MATERIALS  AND  METHODS

Twenty  surface   (0-0,30m)   soil   samples  from
each  of the  22  Caluka5`  of lhis  zone  having  salinity/
sodicity  problems  were  c()llccted  from  the  farmers'
fields.   In   all   440   samples   were   collected   and
subjected  to  laboratory  characterization.  The  pH,
EC  and   water  solub]i.  Ions  were  estimated  using
I.2.5  soil.water ratio  (Jackson,1973).  F`or predicting
F,Cc  from EC2,a extract, 75 soil samples representing
a  wide  range   of  EC,   textural  class  and  different

geographical   locations   in   the  zone,   were  used   to
develop a pedo-{ransfi`r function, whlch can be used
to predict  lice  for other  soils of. the zone.  These  soil
samples   \vere   analysed   for   C   and   pit   of  the
saturation   extrac`t,I:2,5   and   15   soil:water   ratio
extracts.  Sotls  were  also  an?ily7,ed  for  exchangeable
cations  using  stdndar{t  mi`(hods  (Richards,   1954).
The  soil  organic cart)on  content,  Cac()3 (`ontent and
sulphatc`   Content   wcrc   dot(`rmined   by   standard
in(`thods  (Jackson.   1973L

RESULTS  AND  DISCUSSION

Thi`  clay  content  ()f the  s()ils  ranged  from   1.80
1o  46.25  percent  with  a  mean  value  of  13.5  percent

for the entire zone indicating that the soils are sandy'
to   sandy  loam   in   texture   (Table   1).   The   free   lime
content  varied  from  0.3  to  25  percent  with  a  mean
value of 7.0 percent indicating the calcaret)us nature
of the soils.  In most of the  ra/uhas,  the avcragc value
was  above  5  percent  and  only  in  few  tciJL/kc]s  it  was
between   3   to   5   percent.   This   might   bc   due   to
impregnation of limc in the transported material and
accumulation  of  shells  in  the  marine  alluvia.I  soils.
Kanza.ria  ef al.  (1982)  observed high content of Cac03
in  salt affected  soils  of coastal  area.   The  soils of this
zone are poor in organic carbon status with the overall
value below 0.5  percent.  The  overall  range  of organic
carbon  content  was  0.053  to  0.859  percent  with  a
mean value of 0.312  pert:ent. The rindings are in  tune
with  those  reported  by  Kanzaria  ef az.  (1982).

The pH value  of the  soils varied  from  7.0  to  9.0
with  a  mean  value  of  8.03   for  the  cntire  zone
indicating  that  the  soil  of  this  zone  are  neutral  to
alkaline  in  reaction  (Table   1).  Kanzaria  et  cil.  (1982)

reported  similar  pl]  rangc-  in  saline  and  alkali  soils
of Saurashtra region  of Gujarat.  The distribution of
soil  samples  into  diffcrcnt  prl  classes  (<8.4,  8.4-8.8
and 8.9-9.4) as suggested by CSSRI,  Karnal  (Arion.,
1974L  show  that  79.8  percent  of  the  soil  samples
had  pH  less  than  8,4.

The values of F,C2 5 varied widely between 0.19 tc)
8  20 ds in-I  with mean value of 1.29 ds in-I  (Table  i).
The  wide  variation   in   F,C2 5  could  be  attrlbuted  to
the  nature  of soluble  cations and  anions  present in
the  soils  as  well  as  Lo  the  quality  of water  used  for
irrigation.  Among  the  various  soil propcrt]es,  llc  al
1:2.5   soil:water  ratio  gave   the   highest  correlation
at  1  percent level  of significance  (Y  =  -.0.723  +  5.495
X")   with   EC   in   saturation  paste   extract,   and
therefore   this  equation   can   be  used  to  compute
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An estimated area of 0.575 in ha in the northwest
agroclimatic  arid  zone  has  scvcrc  salinity/sodicity

problem  which  is  restrieting  agricultural  production
to  a  significant  extent.   In  order  to  evolve  effective
management strategies to sustain productivit.v c)f these
salt  affected  yet  potential  areas,  there  is  a  need  to
characterize the soils and  subsequently map them at

proper scale,  so that researchers,  planners and policy
makers  have  a  ready  refercncc  at  hand  for  needful
action. The present study has been taken up with this
primary  objective  in  mind.

MATERIALS  AND  METHODS

Twenty   surface   (O-0.30m)   soil   samples   from
each  of the  22  {aJukas  of this  zone  having  salinity/
sodicity  problems  were  a()llected  from  the  farmers'
fields.   In   all   440   samples   were   collected   and
subjected  to  laboratory  characterization.  The  pH,
EC  and  water  soluble   ions  were  estimated  using
I.2.5 soil.'water ratio  (Jackson,1973).  For predicting
F,Cc  from EC2.5 extract, 75 soil samples representing
a  wide  range  of  EC,   textural  class  and  different

geographical  locations  in   the  zone,   \vere  used   to
develop a pedo-transfc`r runction, which can be used
to  predict  lice  for other  soils of. the zone.  These  soil
samples   were   anal_v-sod   for   C   and   pll   of  the
saturation   extract,   I:2,5   and   1:5   soil:water  ratio
extracts.  Soils  were  also  a"i]`vzcd  for exchangeable
cations  using  standard  mcthucls  (Richards,   1954).
1`he so`l organic carbon con(ent, Cac03 (`ontcnt and
sulphatc`   rontem   wfrc`   dr((`rmined   by   standard
mc`thods  (Jackson,1973).

RESULTS  AND  DISCUSSION

Thi`  clay  content  ()I  the  s()ils  ranged  from   I.80
io  46.25  pcrcen{  \\'ith  a  mean  value  of  13.5  percent

for the entire zone indicating that the soils arc sandy
to   sandy  loam   in   texture   (Table   1).   The   free  lime
content  varied  from  0.3  to  25  percc`nt  with  a  mean
value of 7.0 percent Indicating the calcarcous nature
of the  soils.  In  most of the  tci!u^.cts,  the  avc`i.age value
was  above  5  percent  and  only  in  l`ew  fclJukas  it  was
between   3   to   5   percent.   This   might   bc   due   lo
impregnation of limc in the transported malcrial and
accumulation  of  shells  in  the  marine  alluvial  soils.
Kanzaria  ef ci!.  (1982) observed high content of Cac03
in  salt affected  soils of coastal  area.   The  soils of this
zone are poor in organic carbon status with the overall
value  below 0.5  percent.  The  overall  range  of organic
carbon  content  was  0,053  to  0.859  pcrccnl  with  a
mean value of 0.312  pcrcont. The rindings are in tune
with  those  reported  by  Kanzaria  et az.  (1982),

The pH  value  of the  soils varied  from  7.0  to  9.0
with   a   mean  value   of  8.03   for  the   entire   zone
indicating  that  the  soil  of  this  zone  are  neutral  to
alkaline  in  reaction  (Table   I).  Kanzaria  €t  CZJ.  (1982)

reported  similar  pit  rangc'  in  saline  and  alkali  soils
of Saurashtra region  of Gu]arat.  The distribution of
soil  samples  into  difi.crcnt  pll  classes  (<8.4,  8.4-8.8
and 8.9-9.4) as suggcstcd by CSSRl,  Karnal  (Anon„
1974|  show  that  79.8  percent  of  the  soil  samples
had  pH  less  than  8.4.

The values of EC2 5 varied wldely between 0.19 to
8.20  ds  in-1  with mean value  of  129  ds  in-I  (Table  I).
The  wlde  variation  ln  EC2 `5  could  be  attributed  to
the  nature of soluble  cations  and  anions  present in
the  soils  as  well  as  lo  the  quality  of water  used  for
irrigation.  Among the various  soil properties,  HC  al
I:2,5   soil:water  ratio   gave   the  highest  correlation
al  I  percent lcvcl  of significance  (Y  =  .0.723  +  5.495
X**)   with   EC   in   saturation   paste   extract,   and
therefore  this  equation   can   be  used   to  compute
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Sr. Dlstrict  and  7ta/t{kct pll 2  a F,C2 .  (dsm  t) ESP Cac03  (%) Organic  C  (%) Tcxlui al  C`lass
I 2 3 4 5 6 7 8

I

Kachchh13huJ

7.45-8.45 0.36-4  70 3.69-17.2 0  40-15.50 0.157-0.897 S

(7  89) (  I  . 6  1.) ( 10 . 40) (3.88) (0.45)

2 Nakhtrana LS7  00-8.40 0.46-8.10 3.37-30.6 0.30-22.8 0.114-0.903

(7, 71 ) (2 . 36) (10.70) (3.76) (0  52)

3 Lakhpat S7.00-8.20 0.23-5.60 4.10-13.2 0.30-25,0 0.080-0  691

(7 . 71 ) ( I. 28) (8.20) (6.93) (0.35)

4 Abdasa SL7  20-8.63 019-3.10 3.73-28.2 2  00-15.5 0.058-0.592

(7.89) (0   91) ( 11.30) (7.22) (0.30)

5 Mandvl LS7.00-8  65 0.25-7.20 4.48-33.9 I.70-12.3 0.133-0.802

(8.04) ( I.65) ( 15 . 70) (5  44) (0.40)

6 Mundra SL7  43-8.60 0.35-2.33 5.92-21.3 3.75-18.7 0.133-0.591

(8.14) (0.99) (12.20) (9.46) (0.38)

78 AnJarBhachau LSSC`L7.65-8.80 0.28-3.20 4.62-25. I I.35-22.3 0. I  15-0.955

(8.10) ( I.23) (12.40) (9. 24) (0.46)

7.20-8  70 0.26-7.50 3.58-19.I 1.60-24. 5 0.053-0.663

(8.05) ( 1. 37) (9.60) (6-90) (0  26)

9101112131415161718 RaparDIstrict LSCSOLSCLi,SScl.SCLSC`I`SS7,30-8  60 0.20-5.70 3.7-22.8 I.85-12.2 0.076-0  592

(8.00) (2.`08) (10.80) (4.16) (0-23)

7,00-8.80 0.19-8.10 3.37`33.9 0.30-25,0 0.058-0.859
average (7.9S) (  1. 50) ( 11.30) (6.33) (0.37)

Malia  (Raj.)SurendranagarHalwadDhrangadhraDasadaDistl.let 7.92-8  70 0.25-2.55 7.15-17.8 4.60-18.0 0.152-0.632

(8.46)7.70-8.80 (0.51)0.28-4.20 ( 11.00)7.20-20.9 (10.10)3.80-20.9 (0.36)0.105-0.592

(8,25) (  1. 20) (13.90) (6.50) (0.34)

7  65-9.00 0.26-3.00 4.96-25.9 3.10-24.2 0,118-0.687

(8-27) (  1.17) (12.90) (10.63) (0.37)

8  00-8.75 0.25-I.55 7.1918.2 3,50-20.8 0114-0.420

(8.43) (0.58) (12.201 ( 13 . 30) (0.24)

7.65-9.00 0.25-4.20 4  96-25.9 3.10-24.2 0.105-0.687
average (8.32) (0.98) (13.00) (10.20) (0.32)

Viramgan  (Ahm.)Meh8anaSamiHarijDistrlct 7.10-8.65 0.30-8.20 8.90-23. I I.65-17.0 0.114-0.668

(8. I 0)8.10-866 ( 1.95)0.23-0.78 (15.00)2.96-18.7 (9.14)1.40-19.8 (0,29)0133-0.480

(8,35) (0.42) (9.50)
_          (9-49)

(0   2S)

7.20-8  40 0.25-4.70 4.83-22.2 I.35-I  I.5 0 .133 -0. 553

(7.88) ( 1. 46) (  11.70) (4  30) (0  32)

7.20-8  66 0  23-4.70 2.96-22.2 1,35-19  9 0.  I 33-0  .553
averageBanaskanthaTharadVav \812)7.35-8.30 (0  94)0.25-2.55 ( 10.60)5.30-25.2 (6-89)I.75-5 2 (0  2())0.076-0'286

(7.86) (  i.01) (  11.00) (3.50) (0.17)

715-8.35 0.25-3.90 3.26-17.8 1.10-18.7 0  058-0.404

(7.87) (0.88) (9.60) (4.22) (0.19)

Con'd
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Sr. District and  TaJuka pH25 EC2  5  (dsm-I) ESP Cac03 (%) Organic  C  (%) Textural  Class

1 2 3 4 5 6 7 8

19 Santalpur 7.55-8.40 0.30-2.00 4.22121.4 3.50-11.6 0.076-0.325 SL

(8.02) ( I.03) ( 11.20) (8.70) (0.20)

20 Radhanpur 7.00-8  45 0.30-6.50 5.45-18.8 3.25-16.4 0.133-0.744 SCL`

(7  96) (I-55) (10.30) (8.50) (0.31)

21 Deodar 7.30-8.48 0.25-2.65 5.85-29.3 0.35-7.5 0.114-0.544 LS

(7.75) (I.55) (15.70) (3.38) (0.24)

22 Kankrcj SCL7.35-8.60 0.30-6.10 3  33-30.8 0.50-9.5 0114-0.496

(7.92) ( I. 67) (12.40) (5.00) (0.26)

Dlstrict 7.15-8.60 0.25-6  50 3.26-30.8 0.35-18.7 0.058-0.744

average (7.90) ( I. 28) ( 11.70) (5.53) (0.23)

Overall 7.00-9.00 0.19-8.20 2.96-33.9 0  30-25.0 0.053-0.993

Zone (8.03) ( I. 29) ( 11,70) (7.00) (0.32)

Value  in parenthesis shows mean

dependable   estimates  of  Bce.     Based   on   this
equation, Ece of all the other samples was estimated
and  the  soils  were  then  grouped  into  5  classes  of
salinity  proposed  by  Richards  (1954).  The  results
show  that  27  percent  of the  soils  had  Ece  of less
than 2.0 ds in-1 and were placed in non-saline class,
23  percent had  Ece between 2.0  to 4.0  ds  in-I  and
were  placed  in  low  salinity  class,  while  the  rest  of
the 50 percent of the soils were placed in moderately
saline  to  very  highly  saline  class.

The  highest  ESP  (Table   I)  value  of  33.9  was
registered  in  Mandvi  taJuka  while  the  lowest  value
of  2.98  was  obtained  in  Sami   fa]uha.  The  overall

ESP ranged  from  2.96  to 33.9  with  a  mean value of
11.7.  The  dlstribution of soil  samples  into  different
ESP classes as  suggested  by  CSSRI,  Karnal (Anon.,
1974)   revealed   that   44   percent   samples   were
categorized  in  non-sodic  group  (<10  ESP)  and  47

percent  into  moderate  group  (ESP  10  to  20).

Using the criteria proposed by Richards  ( 1954),
out of the 440 samples,  49.7 percent samples were

grouped  as  saline  soils  followed  by 31.2  percent  as
saline-sodic  and   19.I   percent  as  sodic  soil  group

(Fig.   1).   This  clearly   showed  that   saline   soils  are
dominant in  the  zone  followed  by  saline-sodic  and
sodic  soils.   raJtJka-wise  distribution  of  the  three

Fig.1.  Percentage  dlstrlbution  of soll  samples  in  dlfferent  classes  of salt  accepted  solls
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groups  of  salt  affected   soils  showed  that  within
Kachchh  district  the  three  tcizukas  on  the  coast  of
Arabian  sea,  viz.  Abdasa,  Mandvi and  Mundra had
sallnity  spread  in  less  than  50  percent of the  soils.
The  other  six  tcilukcis  of the  district  lying  relatively
on the northern and interior side had more than 50
percent of the  soils  affected  by  salinity.  In  Lakhpat
falttka all the  soils fell in  saline group.  The cause of
salinity in soils can be attributed to the arid climate,

proximity  to  sea  and  shallow  ground  water of poor
quality  (Dubey  ef  aJ.,   1986).

Of the remaining cluster of 13  faJLtkas adjoining
to  the  Rann  of Kachchh,  7  fciJtJkas  on  the  northern
side  (Tharad,  Vav,  Santalpur,  Radhanpur,  Deodar,
Kankrej  and  Harij)  fell  under  saline  group  in  each
{aJtJka.  This  might  be  due  to  aridity  of the  climate,

poor quality  of ground  water and  high water  table.
More than 50 percent of the soils in Deodar,  Dasada
and   Kankrej   taJufecis  were   predominantly  saline-
sodic   in   nature.   Dubey   ef  ai.   (1984)   attributed
topography and  aridity as  the  major causes for the
formation  of the  salt  affected  soil  in  this  region.  In
the  six  tci!ukcis of the  southern  side  (Malia,  Halwad,
Dhrangadhra,  Dasada,  Viramgam  and Sami),  30 to
loo  percent  of  the  samples  of  each   faJuka  were
under sodic  group.  The  relatively heavier texture of
the   soils,   soil   erosion,   lowlying  area  with   poor
drainage  could  be  attributed  as  probable  reasons
for  the  higher  ESP  observed  in  these  soils.
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Salinity Appraisal  for  Soils  of Northwest  Agfoclimatic
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Seventy-five  surface  (0-30  cm)  soil  samples  were  collected  from  the  cultivated  salt  affected
field  and  analysed  for  different  physical  and  chemical  properties.  The  results  showed  higlily
significant  correlations  in  various  dilute  aquooiis  extracts  for  chloride  (r  =  a.906  to  928)  and
sulphate   (r  =   0.643  to   683)   contents   of  solls  with   Ece.   High   correlation   coefficient  (r)  ancl
regression coefficient (b),  high  percentage of variance (R2)  in case  of C12.§ and  C15 were observed
and  thus,  their  limits  can  be  utilized  for  salinity  appraisal.

(Key  ulords.  Sali"tu  appraisal,  Sotl u)ater extract)

High  degree  of  correlation  has  been  obtained
for different soils between  r]Ce and chloride content
of  soils   (Gupta   ef  al.,1971   and   Patel   and   Patel,
1989).   However,   such   relationship   has   not  been
established  for  soils  ot` northwest agroclimatic zone
of  Gujarat.  Henc`e,  the  feasibility  of using  chloride
and   sulphate  content,   basc`d  on  dilute  soil  water
extracts,  for appraising salinit.v  in  soil  \vas  studied.

MATERIALS  AND  METHODS

Seventy-five   soil   samples   (0-30   cm)   were
collected   from   the   culllvatcd   salt  affected  soils  of
northwest agroclimatic zone  of Gujarat.  Most of the
soils have sandy to sandy loam texture. The electrical
conductivity,   saturation   percentage,   clay,   0.C„
Cac03,  pH,  CEC,  ESP, chloride,  sulphate, cachonate
and   bicarbonate   (Tablc`   1)   were  determined   using
standard   methods   (Richards,    1954).     The   soil
samples \`rere categorized  into three salinity groups,
viz.  low  (Ece  <2.0  ds  in-I),  mcdium  (Ece  2-8  ds  in
I)  and  high  (Ece  >8  ds  in  I).

RESULTS  AND  DISCUSSION

The  results  revealed  that  the  chloride  content
{cmol(p I)/kg)  in  different soil:water extracts was not
much   affecte{l,   whereas   sulphate   as   well   as
carbonzl{i`  plus  I)icarbonale   contents  {cmol(p+)/kg}
increa`se(I  r)n diliiljon  (Table  2).  It was observed  that

(`orrc'latioli.s   betw(len   ECcl   and   chloride   content
inc`rcascd  with  inc`reas(`  in   salinity.

IIiglil}J   significanl  corrclations   \vere   observed
I)clwecn  Ece  and  chloride  (r  -A-  0.906  tc)  0  928)  and

between   I}Cc   and   sulphatc   (r   =   0.643   to   0.683)
contents of the  soils  in  diffcrcnt  soil:water extracts,
whit.1   very   poor   and   negative   correlations   were

observed   between   Ece   and   carbonate   plus
bicarbonate contents (Table 3). Very high correlation
of chlonde  as compared  to sulphate with  EC  clearly
indicate   that   thcsi`   soils   can   be   evaluated   by
determining chloride content in the soils.   Patel and
Patel   (1989)   and   Palel   et  a/.   (2000)   obtained  very
high  correlations  between  Ece  with  chloride  and
sulphate content of saturation extract as well as in
different  soil:water  extracts.

For calculating F,Ce from chloride content of the
soil,   regression   equations  \vere  worked   out   for

Table  1.  PIIus.cocheTmc`al I)roperties of salt
afI e(`,te,d soils

Particulars Range Mean

Saturation  percentage 21.9  -58  6 347

Clay  % 1.8  -46.3 16.0

Organic  carbon  g/kg 11.2  -92,6 67.0

Cac03  g/kg 3  0    -224.0 64.3

pHs 7.03  -8  60 790

Ece  ds/in I.05  -17  40 710

ESP 4   1   -29.6 14.0

Exch.Ca+Mg  |cmol(p+)/kg| 3-I   -43.2 20.36

CEC   [cmol(p+)/kg| 3.0  -41.5 15.8

Table 2.  Average Values of dij`fererit arrions
(cmol(p+)/kg) in difJ`erem    soil  :  water extracts

Ions Soil  :  water  cxtrac`ts

DaL.   ex[raci |'Z,O 1`.,

Chloride 2.20 2.60 2 . ,5 8

Sulphate 0429 056] 0,710

Cabonate  +  bicaronate `0   214 0.796 1018
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Table 3. Aijerage EC & chlonde content and correlation coeffictents
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Soil water  ratio Salinity  group Av.  Ece  (ds/in) Av.  CF  (me/I) Correlation  coefficient

C1- S042- C032'+HC03-

Saturation  extract1:2.5I:5 Low(7) I,54 8.31 0.6107 0.7342 0.0025
Medium(39) 4.84 37.86 0.7785" 0.3690+ -0.1998

High(29) 11.42 106.00 0.8316" 0  4650++ - 1469
Overall(75) 7.08 6 I. 47 0.9282„ 0.6831 ++ -0.0697

Low(7) 0.53 2.22 0.2776 0.0626 0.2330
Medium(39) I.03 3.79 0.6254++ 0.2707+ -0.1293

High(29) 2,16 17.17 0.8123++ 0.3582++ -0.2783
Overall(75) 1.42 10.69 o..9239++ 0.6509`+ -0.3728++

LOw(7) 0.26 0.84 0.3820 0.0071 -0.4668
Medium(39) 0.56 3.38 0.5760" 0.2689 0,1196

High(29) I.18 7.93 0  7785++ 0.4478" -0.2172

Overall(75) 0.78 4.91 0.9059" 0.6434+` -0.3665

Figures in parentheses indicate  the number of sanples.
Low,  medium  and high  salinity  denotes  ECc     <2,  2-8  and  >8  ds/in,  respectively
+,  ++  :  Significant  at  5  and  I  Percent,  respectively

Table 4.  Regressron equcrfuon between Ece & c:fl,1oride c.orcteut and thetr stattstical tests of signrfecance

Soil.water ratio Rcgression  equatlon Percentage  of Standard error of
(Y  =  a  +  bx) Variance  (R2) estimate  (sy.x)

Saturation  extract Ece  =   I.8060+2.3998++Cle 86.15 I.544
I:2.5 Ece  =  0.8586+2.327"C12.s 85.35 I.688
1:5 BCE  =   I.5826+2.2685++C15 78.48 I.920

++  Regression  coefficient  and  correlation  coefficient  significant at  1  percent

Table  5.  Classification of soils Of northu)est and cLgrocl.rrLatic zone
of Gujarat based on chionde content [cmolto+ / kg))

De8ignation *Very low Low salinity Moderately  saline Saline Highly  saline
particulars salinity (Bce<2ds/in) (2-4ds/in) (4-8  ds/M) (8-16  ds/in) ('16  ds/in)

Saturation  extract

Limits  of Cl  content <0.15 015-I.00 I.00-2  50 2.50-6.00 >600
Dlstnbution.of sample s (a/o) 2.66 30.66 24.00 42.67 0.00

I,2.5  soil:water  extract

Limit of Cl content <0.50 0.50-1.40 1.40-3.00 3.00-6.50 >6.50
Distnbutron of samples (%) 5,33 26.67 25.33 42.67 0.00

I:5  soil:water  extract

*Salinity  classes are  based  on  Schofield  scale

different   dilute   aqueous   extracts   (Table   4).
Maximum and highly significant values of regression
coefficient  (b)  and  percentage  of variance  (R2)  and
minimum  standard  error of estimatc  (Sy.x)  in  I:2.5
soil.water  extracts  suggest  that  the  regression

cquatlons  may  be  preferred    to  predict  Ece  (2.0  to
25.0  ds  in-I)  frc)in chloride  content of the  soils.  Hogg
and  Henary  (1984)  and  Patel  and  Patel  (1989)  also
reported similar regression equation between Ece and
chloride content of 1 : 1,  1 :2 and  1 :5 soil: water extracts.
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The  critical  limits  of  chloride  content  in  soils
for  saturation   and  various   soil:water  extracts
corresponding  to  Ece  in  Schofield     scale  were
calculated using regression equation for overall solls.
According to Ece values suggested in Schofield scale

(Table 5), 2  66, 30.66,  24  00, 42.67 and 0,00 percent
of  the  samples  fall  in  very  low  saline,  low  saline,
moderately saline,  saline,  and highly saline classes,
respectively.  More  or  less  the  same  distribution  of
samples  was  observed   in   1:2.5   and   I:5  soil:water
extracts. Thus, the chloride content of soil can serve
as  an  useful  Index  to  evaluate   the   salinity  of
northwest  zoiie  soils.
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Rapid Appraisal  of Salinity  for  Soils  of
Coastal Amreli  District  of Gujarat
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Two  liundred  and  twenty  siirface  (0-15  cm)  soil  samples  were  collected  from  the  cultivated
soils  of  coastal  Amreli  district  and  were  analyzed  for  EC  and  pH  from  saturation  extract  and
1 :2.5  soil  water  ratio.  The  results  revealed  highly  significant correlations  to  exist  between  Ece

fbn)::Fg2h5;::cbe:tt:::no?Hvsa:[nadncpeHZ(i.zr!jgnhcca°srere;:t!E°:2C5°::ficjpeHn::r|aenr:roebgsr::vS::nacn°d:f;jeci:::
prediction  of  Ece  from  EC2 5  and  pHs  from  pH2.§  with  greater  precision  was  possible  by  using
the  regression  equation  for the  soil  of Amieli  district  as  the  sample  size  was  high  and  %2  test
for  observed  and  expected  values  were  non-significant.

(Key words:  Sati"ty appratsal,  Saturation extract,  Ece and pHs)

Soil  salinity  can  bc  categorized  by  determining
clec`trical  conductivity  (dsm-1)  of  saturation  extract
of  the  soil,   which   is  a  timc  consuming,   laborious
and    expcnsive    proccss.     Contrary    to    this,
dctermination  of  EC  from  various  dilute  soil  water
extract  is  rapid   and  incxpcnsive.     High  degree  of
correlation  has,   however,   been  obtained  between
Ece  and  EC  of dilute  solutions  of  the  salt  affected
soils (Polara et aJ. ,  2004), which needs to be validated
for  the  soils  of  coastal  Amreli  district  of  Gujarat.
With  a  view  to  rapidly  appraise  the  salinity  using
EC  of  I:2.5  soil  water  aqueous  extracts  of  coastal
soils of Amreli district, the prcscnt investigation was
undertaken.

MATERIALS  AND  METHODS

Twenty surface (0-15 cm) soil samples from each
of  11  fazukcis of coastal AmrL`li  district were collected
from  the  cultivated  fields  during  May  2003.  In  all,
220   soil   samples   wcrc   collected   which   were
subsequently   analyzed   for   EC   and   pH   from
saturation  extract  (ECc  and  pl-ls)  of  soil  and  from
I;2.5   soil  water  extract  using  standard  methods

(Richards,   1954).  The  regression  ``quation  for  Ece
and pHs was calculated from  the  analyzed values of

18  samples  from  each  of  11   tazukas  (198  samples)
of  Amreli  district.   In   order  to   test  validity  of  the
developed  equation,  the  values  of EC  and  pH  from
saturation extract and  from  1:2.5  soil water extract
of rest  of the  two  samples  of each  of  11   tfllL{kcis  (22

samples)  were  evaluated  using  %2  test.

RESULTS  AND  DISCUSSION

The  data  presented  in  Table   I   indicate  highly
slgnificant  correlation  coefficient  between  Ece  and
EC  of  1 :2.5  soil  water extracts.  It was revealed  that
the  regression  coefficient (b value)  between the  Ece
and   EC   of   1:2.5   soil  water  extracts  was  highly
significant.   Similar  results   were   also   observed
between  pHs  and   pll  of  1:2.5   soil  water  extract.
These  results  are  in  direct line with  those  reported
by  Patel and  Patel  ( 1992)  for the  Bhal-Nal  soils  and
Polara   ef   clz.    (2004)   for   the   soils   of   northu.est

agroclimatic  zone  of Gujarat.

The  %2  test  of  twenty-two  dataset  of  observed
and  expected  values  of  Ece  and  pHs  were  non-
significant  (Table  2)  suggesting  the  goodness  of  fit
of  regression  equation.   Similar  results  were  also
observed  for pHs.  The cxpect3d  values derived  from

Table  1.  I`'egression equation and correlation coefficlent betuJeen EC2 5 and
pH., `, with Ece  and pHs and their statistical test of slgmficance

Regression  equation Correlation Coefficient  of Standr   d  error  of

(Y=  a  +  bx) coefficient  (r) determination  (%) estimate  (Sy  x)

Ece=  0.5663  +  2  6`585**EC, 5 0  9812 9724 0  5926

pHs=   0  7426  +  0  8936X*pH2  `_, 0  9 5 9 r, 8992 0.1306
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Tab.e 2. ObseTued cnd expect,ed Values of Ece (cls/ in) and pHs along unth EC2 `s and pH2 s arLd r2 test Value

SampleNo. Bce EC25 %2 pHs pH,25 %2

Observed Expected Observed • Expected

1 4.3 4.70 I.6 0.034 7.62 7.62 7.70 0.000
2 2.5 2.69 0.8 0.013 7.65 7.71 7.80 0.001

3 8.2 6.68 2.3 0.346 8.10 8.38 855 0.009
4 I.9 2.16 0.6 0.031 7.60 7.62 7.70 0.000
5 2.I 2.39 0.9 0.037 8.10 8.20 8.35 0.001
6 3.8 3.22 1.0 0.-104 8.00 7.78 8.10 0.006 -
7 I.1 I.36 0.3 0049 8.15 8.25 8.40 0.001

8 I.5 1.90 0.5 0.084 7.60 7.67 7.75 0.001

9 I.5 I.90 0.5 0.084 7.40 7.47 7.53 0.001
10 1.8 I.90 0.5 0.005 7.55 7.58 7.65 0.000
11 4.6 402 1.3 0.840 7.77 7.85 7.95 0.001

12 2.6 2.43 0.7 0.012 7.60 762 7.70 0000
13 4.8 5.09 1,7 0.017 7.95 7,94 8.05 0.000
14 1.4 2.16 0.6 0.267 7.80 7.86 7.96 0.000
15 3.I 2.69 0.8 0.062 765 7.62 7.70 0.000
16 I.3 190 0.5 0.189 7.85 7.89 8.00 0.000
17 2.9 239 0.9 0.loo 8.30 8.29 8.45 0.000
18 4.2 3.76 I.2 0.051 8.50 8.65 8.85 0.003
19 8.4 6.42 2.2 0.611 8.80 8.79 9.00 0.000
20 7.9 8.28 2.9 0.017 8.90 9.01 9.25 0.001
21 2.I 2.16 0.6 0.002 8.00 8.07 8.20 0.001
22 0.8 1.10 0.2 0.820 7.70 7.71 7.80 0.000

Total 3.784 0.025

the  equation  were  same  as  observed  values.  From
the  above  results  it  can  be  concluded  that  the
prediction  of  Ece  from  EC2 5  and  PHS  from  PH2 5
with  accepted  precision  is  possible  by  using  the
regression  equation  for  the  soils  of Amreli  district
as the sample size was high and %2 values were non-
significant.
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Twenty surface (0-15 cm) soil samples from each of the eleven  la/ukas of coastal Amr®li district
were  collected  from  tlie  cultivated  soils  and  were  analyzed  for  different  chemical  properties.
The  results  revealed  that  Na+  and  Cl-were  dominant  among  the  water  soluble  ions,  whereas
Ca" and  rylg"  were  dominant among  the  exchangeable cations.  More  than  half (61.4  yo)  of the
cultivated  Soils  of  coastal  Amreli  district  were  normal  in  natiire,  followed  by  §alino  (13.6  %),
Saline-sodic    (12.7  %)  and  sodic  (12.3  a/o).

(Key words: ChcLractertzation Of soils,  Water soluble and exchangeable ions, Saline soils)

It is estimated that about 8.087  M ha of land in
India  are  affected  by  the  problems  of salinity  and
sodicity (Yadav ef aJ.,1983).  In Gujarat, about  I.649
M ha of land is lost to agriculture because of salinity
and  sodicity  and  are  extensively  distributed  both
on     the     coastal     and     inland     areas.     The
characterization  of  these  soils  has  not  been  done
earlier,  which  are  reported  in  this  paper.

MATERIALS  AND  METHODS

Twenty surface (0-15 cm) soil samples from each
of  the   11   tcizufeas   of  coastal  Amreli  district  were

collected  from  the  cultivated  fields  of  the  farmers
during  May,  2003  and  were  prepared  for  chemical
analysis.  The  soil  pHs  and  Ece  were  determined
from  the  saituration  extract of soils,  whereas water
soluble  ions  were  estimated  from   1:2.5  soil  water
extract  and  exchangeable  cations  (Ca++,  Mg++,  Na+
and  K+)  by  neutral  normal  ammonium  acetate  as

per  the  standard  methods  outlined  by  Richards
(1954)     The   analyzed   soil   samples   were   then
categorized  into  salinity/sodicity  classes  as per the
criteria  suggested  by  Richards  (1954).

RESULTS  AND  DISCUSSION

The  range  and  mean  values  (Table  1)  of water
soluble  cations  showed  higher  proportion  of  Na+,
which  was  followed  by  Ca++,   Mg"  and  K+.   In  the

case  of  anions,  the  highest  overall  mean  value  of
5.57  meL-I  was  noted  in  Cl-and  it was  followed  by
HC03-,  S04-  and  the  least  in  C03=.  These  results
are in conformity with an earlier report of Polara  ef`
a!.  (2004) for the soils of Kachchh region of Gujarat.
The  exchangeable   Ca++,   Mg++,   Na+  and   K+  ranged
from   5.08   to  33.04,   2.5   to   20.9,   0.5   to   21.6   and
0.01  to  1.23  with  their  corresponding  mean  values
of   20.6,11.66,   4.67   and   0.13   cmol(p+)   kg-t,

respectively.  The  Ca"  content  was  found  highest
{26.01  cmol (p+)  kg-]} in the  soils of Khambha  ta!uka
as  compared  to  that  noted  in  the  soils  of  other
{a!ukas.   The  soils  of  Liliya   ta!ttkcl  registered   the
highest value  of Na+.

The  overall  Ece,  pHs  and  ESP values  (Table  2)
ranged  from  0.6  to  38.8,  7.0  to  8.9  and  1. I  to  62.1
with mean value of 3.0, 7.90 and  12.80, respectively.
The  Ece  was  found  highest  (4.4  dsm-i)  in  the  soils
of Amreli  fazu*a  as  compared  to  that  noted  in  the
soils  of  other  tcl!ttkas,  whereas  pHs  and    ESP  was
registered highest (8.4 and 26.2,  respectively) in the
soils  of  Liliya  toJuka.  Overall,   13.6,   12.7,   12.3  and
61.4  percent  soils  of  coastal  Amreli  district  were
classified into saline,  saline-sodic, sodic and normal
soil,  respectively.

This  Information  can  be  useful  in  developing
management  practices  for  the  cultivated  soils  of
coastal Amreli  district.
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Characterization  and  Classification  of Cultivated  Soils
of Coastal Amreli  District  of Gujarat

B.D.  KABARIA  and  J.V.  POLARA

Department  of Agricultural  Chemistry  and  Soil  Science
Junagadh  Agricultural  University,  Junagadh  -362  001,  Gujarat

Twenty sui.face (0-15 cm) soil samples from each of the eleven  {a/ukas of coastal Amreli district
were  collected  from  the  cultivated  soils  and  were  analyzed  for  different  chemical  properties.
The  results  revealed  that  Na+  and  Cl-were  dominant  among  the  water  soluble  ions,  whereas
Ca"  and  Mg'+  were  dominant among  the  exchangeable  cations.  More  than  half (61.4  %)  of the
cultivated  soils  of  coastal  Amreli  district  were  normal  in  nature,  followed  by  sallne  (13.6  %),
saline-sodic    (12.7  %)  and  sodic  (12.3  %).

(Key words: CharacterLzation Of soils,  Water soluble and exc:hangeable iclns,  Saline soils)

It is estimated that about 8.087  M  ha of land in
India  are  affected  by  the  problems  of  salinity  and
sodicity (Yadav ef cl!.,1983).  In Gujarat, about  1.649
M ha of land is lost to agriculture because of salinity
and  sodicity  and  are  extensively  distributed  both
on     the     coastal     and     inland     areas.     The
characterization  of  these  soils  has  not  been  done
earlier,  which  are  reported  in  this  paper.

MATERIALS  AND  METHODS

Twenty surface (0-15 cm) soil samples from each
of  the   11   {a/ttfeas  of  coastal  Amreli  district  were
collected  from  the  cultivated  fields  of  the  farmers
during  May,  2003  and  were  prepared  for  chemical
analysis.  The  soil  pHs  and  Ece  were  determined
from  the  saturation  extract of soils,  whereas water
soluble  ions  were  estimated  from   1:2.5  soil  water
extract  and  exchangeable  cations  (Ca++,  Mg++,   Na+
and  K+)  by  neutral  normal  ammonium  acetate  as

per  the  standard  methods  outlined  by  Richards
(1954).   The   analyzed   soil   samples   were   then
categorized  into  salinity/sodicity classes  as per  the
criteria  suggested  by  Richards  (1954)

RESULTS  AND  DISCUSSION

The  range  and  mean  values  (Table   1)  of water
soluble  catlons  showed  higher  proportion  of  Na+,
which  was  followed   by  Ca++,   Mg"  and   K+.   In  the

case  of  anions,  the  highest  overall  mean  value  of
5.57  meL-I  waLs  noted  in  Cl-and  it was  followed  by
HC03-,  S04-  and  the  least  in  C03-.  These  results
are in conformity with an earlier report of Polara  ef`
ciz.  (2004)  for the soils of Kachchh region of Gujarat.
The   exchangeable   CaJ+,   Mg++,   Na+  and   K+  ranged
from   5.08   to  33.04,   2.5   to   20.9,   0.5  to  21.6   and
0.01  to  1.23  with  their corresponding  mean  values
of   20.6,11.66,    4.67   and   0.13   cmol(p+)   kg-1,

respectively.  The  Ca"  content  was  found  highest

{26.01  cmol  (p+)  kg-[} in the  soils of Khambha  fa!t{ka
as  compared  to  that  noted  in  the  soils  of  other
tclJt{kas.   The   soils   of  Liliya   taJuka  registered   the
highest value  of Na+.

The overall  Ece,  pHs and  ESP values  (Table  2)
ranged  from  0.6  to  38.8,  7.0  to  8.9  and  1.1  to  62.1
with mean value of 3.0, 7.90 and  12.80, respectively.
The  Ece  was  found  highest  (4.4  dsm-I)  in  the  soils
of Amreli  fa!tJka  as  compared  to  that  noted  in  the
soils  of other  faJttkas,  whereas  pHs  and    ESP  was
registered highest (8.4 and 26.2, respectlvely) in the
soils  of  Liliya  {aJuka.   Overall,   13.6,   12.7,   12.3  and

61.4  percent  soils  of  coastal  Amreli  district  were
classified into saline,  saline-sodic,  sodic and normal
soil,  respectively.

This  information  can  be  useful  in  developing
management  practices  for  the  cultivated  soils  of
coastal  Amreli  district.
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Table 2. Taluka-wise range and rrLean Values Of salmtty/  sodicitu indiees of soils and their classifieation

NaLme  o[  taluka Ece                     pHs                     ESP Percentage  distribution
(dsm   I) Sallne Sallne-sodlc Sodlc Normal

AmreliSavarkundlaRaJHlaJ&frabadKhambhaI)harlBabraKunkavavBagasraL,llya'`athIOverall 1.5-121                  7.2-8.8                 5.9-52  8 30 15 15 40

(4   4)                             (7.9)                           (14.6) (6) (3) (3) (8)

I.0-8.4                  7.2-8.6                5.2-37  5 5 20 20 55

(31)                               (7.9)                             (15,5) 1„ (4) (4) (11)

1.0-8.I                  7.2-8,8                3.4-34  0 10 30 10 50

(3   2)                                (7.9)                             (13.1) (2) (3) (2) (10)

1.I-38.8                7.6-8.9                4.2-44.I 15 15 5 65

(4   2)                             (8.0)                           (12.4) (3) (3) (I) (13)

0.8-4.8                    7.1-7.9                  1.1-10.0 15 0 0 85

(2.0)                              (7.6)                              (6.4) (3) (0) (0) (17)

0.8-8.0                  7.2-8  6                1.7-30.7 15 5 5 75

(2.3)                             (7   8)                             (7.6) (3) '„ (I) (15)

0  6-7.9                 7,3-8.0               2.9-12  4 2S 0 0 75

(2   7)                              (7.7)                              (7.2) (5) (0) (0) (15)

0.7L3.4                  7.5-8.0                3.4-25.1 0 0 5 95

(1.6)                              (7.7)                             (9.2) (0) (0) („ (19)

i.0-9.6                 7.5-8.6                5.5-28.9 10 10 10 70

(3   0)                              (8.1)                            (12.9) (2) (2) (2) (14)

I,0-9.5                  7  8-8.9                9.4-62.1 10 35 35 20

(3.8)                            (8  4)                          (26.7) (2) (7) (7) (4)

0,8L6,3                  7  0-8.5                7.9-36.2 15 10 30 45

(2.6)                               (8.0)                             (15.7) (3) (2) (6) (9)

0.6-38.8                 7.0-8.9                 I.1-62.1 13.6 12.7 12.3 61.4

(3.0)                           (7.90)                      (12.80) (30) (28) (27) ( 135)

Classification  of salt  affected  soils 35.3 33.0 31.7

(30) (28) (27)

Values in the parentheses under Bce, pHs and ESP indicate the mean and those under Percentage distribution indicate
number  of samples
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Soils  of Coastal Region of Orissa  and
their  Suitability for Various  Crops

A.  K.  SAHOO,  DIPAK  SARKAR  and  K.  D.  SAH

National  Bureau  of Soil  Survey  and  Land  use  Planning
Salt  Lake,  Sector -11,  Block  -DK,  Kolkata  -700  091,  West  Bengal

Six  ropr®sontatlve  pedons  occurring  on  various  landforms  of  Utkal  plain  and  lvlahanadi  delta
under coastal region of Orissa were studied to characterize, classify and evaluate their suitabllity
for crop  production.  The  soils  of   Utkal  plain wore very deep,  jmporfoct to  poorly  dralnod,  fine
loamy,  neutral to slightly acidic in  reaction.  medium in CEC with low content of organic carbon,
and  subjected  to  moderate  to  Severe  flooding  hazards  and  slight  to  strong  salinity  hazards.
The  soils  were  classified  as  Aeric  Endoaquept§,  Vei.tic  Endoaquepts  and  Typic  Endoaquents.
The soils of Mahanadl delta were very deep, well to poorly drained, variable in texture (sandy to
very  fine),  neutral  to  mod®rately  acldlc  in  reaction,  very  low  to  very  high  in  CEC  with  low  to
modlum  content  of organic  carbon,  and  subjected  to  moderate  flooding  hazards  and  slight to
moderato sallnlty hazards.  They were classlfled as Aerlc  Fliivaquents,  Vertic  Endoaquepts  and
Typic  Ustipsamments.  The  major  soils  were  moderato  to  marginally  suitable  for  bunded  rice,
irrigated  rice,  Sunflow®r and  watormolon.

(Key words :  Soil-site suitability,  Land use)

The coastal tract of Orissa occupies an area of
7900 sq kin (Sen  e! a!.,  2000)  and it is developed by
the deltas of the Mahanadi river and the lower river
courses   of  the   Brahmani,   the   BaLitarni,   the
Subarnarekha and  the  Rushikulya.  More  than  5 in
contour  separates  the  region  from  the  peninsular
upland  with  wide  variations  in  width.   It  has  a
straight shoreline with well defined beaches of sand.
Lagoons  were  formed  with  coastal  uplift  adjoining
the line of sand dunes. The Chilka, the largest lake,
is  shallow  in  the  northeast  due  to  silting  by  the
matter brought by the Deya and the Bhargavi rivers.
The brackishwater of the sea has given rise to some
swamps  in  Orissa.  The  coastal  area  of Orissa  was
napped  under  two  physigraphic  zones,  viz.  Utkal
plain and Mahanadi delta (Sarkar et a!.,1998). Utkal
plain,   a  regictn  of  the  eastern  coast  comprises
Balasore, part of Purl and Ganjam districts of Orissa
State.   The   area   representing  Mahanadi  delta
includes  Cuttack,  Purl  and  parts  of  Balasore  and
Khurda districts of Orissa. The Mahanadi is subject
to  heavy  flooding  causing  immense  damage  as  95

percent of the monsoon rain of the entire catchment
basin  are  discharged  through  the  Mahanadi  delta.
In  the  present  investigation  attempts  have  been
made  to  characterize  and  classify  the  coastal  soils
of  Orissa  and  evaluation  of  their  suitability  for
various  crops  based  on  problems  and  potentials of
the  soils.

MATERIALS  AND  METHODS

Coastal   soils   of   Orissa   were   identified,
characterized, classified and napped on  1  : 250,000
scale  during  SRM  work  of  Orissa  using  a  3-tier
approach,  i.e.,  image  interpretation,  field.surveys
and  laboratory  analysis,   and  cartography  and
printing.  The  region  consists  of mainly  the  recent
and  tertiary  alluvium.  The  area  under  Utkal  plain
experiences  subtrctpical,  hot  and  humid  climate
(AESR  18.4)  with  length of growing period  of  180  to
240    days.    The    mean    summer   and    winter
temperatures  are  39°C  and   1 I.5°C,   respectively.
The  average  rainfall  is  1340  mm.  Mahanadi   delta
exhibits   a   hot   tropical   climate   (AESR   18.5)
characterized by oppressive summer, low daily range
of temperature, high humidity and moderate annual
rainfall. The mean maximum temperature and mean
minimum   temperature   are   35°C   and   22°C,
respectively  with  annual  rainfall  of  1482  mm.  The
soil  moisture  and  temperature  regimes  of the  area
are  ustic  and  hyperthermic,  respectively  (Sarkar
ef  a!.,  2001).

Based   on   the   reconnaissance   soil   survey
(1   :   250,000   scale),   six   representative   pedons
occurring  in  various  land forms  of Utkal  plain  and
Mahanadi  delta  were  characterized,  classified  and
assessed for various crop suitability using standard
procedures (LJackson,1976, Soil Survey Staff,1992,
Sys  ef aJ.,1993).
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RESULTS  AND  DISCUSSION

Three major land forms,  i.e.  Inland plain, coastal

plain  and  mangrove  swamp  are  identified  in  the
Utkal  plain.  The  soils  on  different  land forms  vary
widely in  their characteristics  (Tables  1  and  2).  The
soils  ocourring  on  very  gently  sloping  inland  plain
are  very  deep,  poorly  drained  and  fine  loamy  (clay
30.2  to  37.2  0/o)  in  texture.  The  conductivity  of the
saturation  extract  (Ece)  varies  from  2.4  tc)  5.1  dsm-I.
They  are  neutral  (pH  6.7  to  7.4)   in  reaction  with
very  low content  of organic  carbc)n  (0.10  to  0.22  %).
CEC of the soils ranges from  12.8 to  13.4 cmol(p+)kg-I.
These  soils  are   slightly  eroded  and  subjected  to
moderate flooding. They have been classified as Aeric
Endoaquepts.   The   soils   developed   on   lowlying
coastal  plain  are  dominantly very  deep,  imperfectly
to  poorly  drained,  fine  loamy  (clay  28.3  to  37.8  %)
and  classlfied  as Vertic  Endoaquepts.  The  soils  are
slightly   acidic   (pH   5.8   to   6.4)   in   reaction.   The
conductivity  of the  saturation  extract  (Ece)  ranges
from   5.8   to   13.9   dsm-I       They   are  subjected   to
moderate flooding. The soils occ`urring on nearly level
mangrove swamp are very deep, poorly drained and
moderately eroded,  and subjected to severe flooding.
The  soils are  fine  loamy  in  texture,  neutral  (pH  6.8
to 7.2)  with very low content of organic carbon (0.06
to 0.21%), and classified as Typic Endoaquents. They
are  subjected  to  strong  salinity  (Ece   12.3  to  20.1
dsm-I)  due  to  inundation  of high  tidal  water.
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The   soils  developed  on  very  gently  to  gently
sloping  coastal  plain  of  Mahanadi  delta  are  very
deep,  imperfectly  drained,  moderately  eroded  and
classified  as  Aeric  Fluvaquents  (Tables   1   and  2).
They are fine (clay 31.7 to 63.2 %), neutral to slightly
acidic (pH 6.3 to 6.6) and have medium to high AWC.
The  conductivity  of  the  saturation  extract  (Bce)
varies  from  3.1  to  6.3  dsm-I.  The  cation  exchange
capacity  of  these  soils  is  medium  to  high  {18.9  to
42.9cmol(p+)kg-]}  with   moderate  base   status.  The
soils  occurring  on  lower delta  are very deep,  poorly
drained  and  subjected  to  moderate. nooding.  They
are very  fine  (clay  68. I  to  90. I  %)  and  classified  as
Vertic   Endoaquepts.   These   soils   are   slight   to
moderately acidic (pH 4.5 to 6.3) with high CEC {33.8
to  55.5cmol(p+)kg-]}.  Ece  value  ranges  from  5.2  to
7.3 dsm-1   The soils developed on very gently sloping
sand   dunes   are   very  deep,   well   to   somewhat
excessively drained  and  sandy in texture. They are
neutral (pH 6.6 to 7.0)  in reaction with very low CEC

{2.2  to  2  4  cmol(p+)kg-[}.  These  soils are  affected  by
severe  wind   erosion   and   are   classified  as  Typic
Ustipsamments.

Based on limitations of sc>ils,  soil-site suitability
for major crops is evaluated  (Table 3).  Study reveals
that soils of inland and coastal plains of Utkal pla.in
and lower delta and coastal plain of Mahanadi delta
are  moderate   (S2)   to  marginally  suitable  (S3)   for
bt/ncJec!  rice,   irrigated  rice  and  sunflower.   Soils  of

Table  1.  Soil-slte charactenstic.s of pedons

Physiography Sub- Pedon Location Slope Drainage Flooding Erosion Land use
physiography village,  Disc (%)

Utkal  PlainMahanadi Inland plain Pl Hidigaon;  Balasore 1-3 Poor Moderate Slight Rice

Coastal  plain P2 Daiapalli;  Ganjam 1-3 Imperfect Moderate Slight Rice

Mangrove  swampCoastalplain P3P4 Kharasharpura,BalasorePratapnagar,Khurd a 0-II-3 PoorImperfect SevereModerate ModerateModerate MangroveRice

Delta Lower  delta P5 Nalibasant,  Puri •0-I Poor Moderate Sllght Rlce

Sand  dunes P6 Prilakhand,  Purl 1-3 Well Moderate Severe Barren

Table 2. Physical arLd chemical properties of soils (on the basts of uJeighted aueTage of  0 to 50 cm depth)

Pc,don Sand Silt cla\ pH Ece OC CEC  [cmol BS Soil Taxonomy

(%) (%) (`yu) (I.2   5) (dsm-1) (%) (p')kg  `] (%)

Pl 227 45.8 31S 69 3,I 0.18 12.9 79 Fine loamy, Aeric Endoaquepts
P2 51.5 163 322 60 6.3 0.34 12,7 74 Fine-loamy,Vert' , Endoaquepts
P3 26.9 454 277 7.1 14.2 0.18 131 83 Fine -loamy,Typic Endoaqucnts

P4 184 425 .)9   I 65 3.6 0.38 241 69 Fine, Aenc  Fluvaquents
P5 3.1 222 747 50 59 0.14 38.9 54 Very fine, Vertic Bndoaqepts

P6 81,6 12.2 (J2 ()9 1.6 0.06 2.3 75 Typic  Ust]psamments
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Table 3. SoilLshe suitabthty for uanous crops

Pedons Bundedrice Irrigatedrlce Wheat Groundnut Sugarcane Sun-nower Water  melon Oilplan Coconut Cashew

P1 S2f* S2f S3wf Nlw Nlw S2w S3wf S3w Nlw Nlw

P2 S2f Nln S3fn S3wfn Nlw S2w S3wfn Nln S3w S3w

P3 N2un N2n N2n N2un N2wn N2w N2n N2n N2w N2wn

P4 S2f S2f S3win S3w S2f S2f S3f S3n S3w S3w

P5 S3f S3fn Nlf Nlwf Nlw S3f Nlfs Nln Nlw Nlw

P6 N2ws N2ws N2ws N2w§ N2ws N2ws S3wf S3ws S2wf S3w

*S2-moderately  suitable,  S3-marginally  suitable,  Nl-actually  unsuitable  and  potentially  suitable,  N2-unsuitable,

and w,  s,  I,  n  denote  limitations to  wetness,  soil physical characteristics,  soil  fertility  and  salinity,  resp€ctively

mangrove  swamp  of Utkal  plain  are  unsuitable  for
most of the  crops  due  tc)  severe  flooding and  strong
salinity.  However  soils  of sand  dunes  of  Mahanadi
delta  are  moderately  suitable  (S2)  for  coconut  and
marginally  suitable  (S3)  for  watermelon,  oil  palm
and  c`ashew.   The  integrated   management  of  soil
resources through proper land use plan is essential
for  overall  development  of  the  coastal  region  of
Orissa.

REFERENCES

Jackson,   M.    L.    (1976).    So[J   Chemt.ca!  Arlazgst`s.

Prentice Hall of India Private Limited, New Delhi.

Sarkar Dipak, Sahoo, A.  K., Sah,  K.  D.  and Gajbhiye,
K.  S.  (2001).  Coastal soils of Eastern  India-their
characteristics,   potentials   and   limitations
towards  alternate  land  use  plan.   Joumaz  o/
Indian  Society  Coastal  Agricultural  Research
19(1&2):   80-83.

Sarkar   Dipak,   Thampi,   C.   J.,   Sehgal,   LJ.   and
Velayutham,   M.   (1998).   Soils   of  Orissa:   their

kinds,   distribution,   characterization   and
interpretation  for  optimizing  land  use.   IVBSS
fhbj.   IVo.   49b,   NBSS&LUP,   Nagpur  440  010,
Maharashtra.

Sen,  H.  S.,  Bandyopadhyay,  B.K.,  Maji,  8.,  Bal,  A.
R.  and  Yadav,  LJ.   S.   P.   (2000).  Management  of
coastal  agro-ecosystem.   In   IVcifLtral  I?esource
Management for Agncultural Production in India,
J.S.P Yadav & G.  8.  Singh  (eds.),  pp.  925-1022.
Proceedings International Conference  Mcirlaging
Natural  Resources for  Sustainable  Agncultural
Production in the 21st Century. Indian Society o[
Soil  Science,  IARI,  New  Delhi -110  012.

Soil  Survey  Staff ( 1992) .  Kegs to Sot.J 7`cixoriorrigr,  5th
Edn.  SMSS  Tech.  Monograph  19,  Blacksburg,
Virginia,  U.S.A.

Sys, C., Van Ranst,  E„  DebaLveye, J.  and Beernaert,
F.  ( 1993).  Lclncz EualL[ciftorl,  Part Ill.  Agricultural

Publ.   No.    7.,   General   Administration   for
Development  Cooperation,  Place  du  Champ  de
Mars  5  bte  57-1050,  Brussels,  Belglum.



L/.  Jrtczzczri  Soc.   CocistczJ  cigr!c.  j?es.,  24(1),  67-69,  2006

Retention  Pattern of Cadmium and Nickel in  Soils  of Kerala
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Heavy  metals  in  soils  can  adversely affect our environment.  To  assess  the  retention  pattern  of
cadmium  and  nickel  under  experimental  conditions,  the  proportion  of topically  applied  Cd  and
Ni   held   in  different  depths   in   undisturbed  columns   of  sandy,   red  and   latorite  soils  was
investigated.  Downward  movement of Cd  and  Ni  in  soils  was  slow  and  55 to  85  percent  of that
applied  was  retained  in  the  upper  30  cm  of the  soil  columns.  Addition  of farmyard  manure  to
the  soil  resulted  in  lesser  downward  movement  and  greater  retention  in  the  top  soil.  Ni  was
more  mobile  in  soils  than  Cd.

(Key  words:  RetentrorL in soil,  Cadrhium,  Nickel)

Heavy  metals   form   an   Important  group  of
contaminants  in  agricultural  lands.  Environmental

problems associated with heavy metal pollution have
Increased  in  the  recent  past.  Since  the  soil  ls  a  key
element  in  controlllng  the  fate  of  heavy  metals  in
the environment,  it  is important to  understand  the
transport  behaviour  of  heavy  metals  in  soils.  The
obuectlve of the  study reported  here  was  to quantify
the   retention   of  topically  applied   cadmium   and
nickel  in different depths in  columns of three major
upland     soils     of     Kerala     having     different

physicochemical  properties   and   to   determine   if
farmyard  manure  in  soil  binds  or  releases  them.

MATEF`lALS  AND  METHODS

The  pattern  of retention  of Cd  and  Ni  in  three
soil  types  in  the  uplands  of Kerala  was  studied  by
taking  core  samples  and  equilibrating  with  known
amount of Cd  and  Ni  for thirty  days.  The influence
of farmyard  manure  in  modifying  the  pattern  was
also studied by including it in one set of soil column.

I`wo core samples each were collected from three
locatiLons  representing  three  soil  types  (Table   1)  in
May  1997.  PVC  tubes of  10  cm  diameter and  60  cm
length  were  placed  on  the  soil  su,rface  covered  with
a  wooden   plank  and  driven   into  the   soil  with  a
hammer  to  a  depth  of  50   cm.   The   tubes  were
carefully withdrawn and both ends were closed with
PVC  caps,   and   transported   to   laboratory.   Soil
samples  were  separately collected  from  each  10  cm
segment  to  a  depth  of  50  cm  from  where  the  soil
columns  were  taken.   The   basic  physicochemlcal

properties   of  soils   relevant   to   the   study   were
determined  by  standard   anal}tical  procedures  as
outlined  by Jackson  (1973)  and  are given  in Table  1

Uniformly dried and powdered farmyard manure
to  represent  a  level  of   10   t  ha-I  was  mixed   with
surface   15  cm  of  soil  in  one  column  of  each  soil
type.   Solutlons  of  Cdc12.2H20  and   Nic12.6H20   to
supply  10  and   100  mg  of Cd  and  Ni  per  kg  of soil
were poured on the surface and mixed  in the upper
15 cm  of soil in all columns.  The  moisture  status of
the  soil  in  the  columns  was  maintained  at  field
capacity  by  pouring  desired  quantity  of  distilled
water.  After 30  days,  each soil column was cut into  5
segments  of  10  cm  length with  a  hacksaw  blade  and
soil  from  each  segment  was  transferred  to  labelled

plastic  containers.  These  soils  were  then  air  dried,
powdered with wooden mallet,  passed through 2  mm
plastic sieve and analysed for total and extractable Cd
and  Ni  by standard  methods  (AOAC,  1980)

RESULTS  AND  DISCUSSION

The  pattern  of  retention  of  applied  Cd  and  Ni
with and without farmyard  manure  in undisturbed
soil  columns of selected  upland  soil  types  of Kerala
are  presented  in Tables  2  and  3.

Cadmium

Retention  of  applied  Cd  in  soil  layers  during
downward   movement  in   upland.soils   showed   a
regular  gradation  with  depth,  a  greater  proportion
being  retained   ln   the  upper  layers  and   it  was
invariably  higher  in  soils  treated  with  farmyard
manure.   It  may  be   seen  from  Table  2   that  the
retention  of applied  Cd  in  the  pi.eser`-e of farmyard
manure in  sandy  Ona{ft{hara soils was 27.8 and  6.2

percent  in  the  10  cm  layer  at  top  and  bottom  of the
soil column, respectively  ln the same soil, the retention
of  applied  Cd  in  the  soil  column  without  farmyard
manure was only  17.8  percent in  the  top  layer
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Tab.a  1.  Bastc pkystcocheTrical properttes of the soils used tn cohamn stucllg

Soil  properties Soil  type  and  location

Sandy Onattukara Laterite  soil Red  soll

(oxyaquic  quartzipsanent) (Typic  plmthustult) (Rhodic  haplustox)
Kayamkulam Kottarakkara Vellayan,

pH 6.2 57 5.2

Organic  matter(°/a) 05 I,7 I.4

Clay  (0/.) 6.2 30.4 39.5

CEC  {cmol  (p+)  kg-I) 5.2 6.9 7.5

Cadmium  (mg   kg.1)i.Total
5.3 6.8 2.8

ii.  Extractable 0.10 018 0.12

Nickel    (mg   kg-i)i.Total
23.3 43,6 168

ii   Extractable 0.50 130 0.13

Table 2.  Depthwise disinbution of total cadmtum in upland soils
as -mfouenced by clpplied Cd cl,nd FYM (mg kg I )

Depth  of soilcolumn(cm) Sandy  Onattukarc\ Laterite  soil Red  soil

Control With  FYM No  FYM Control With FYM No  FYM Control Wlth  FYM No  LYM

10 5.3 184 139 6.8 36.4 2:I  .r2. 2.8 27.6 16.7

(27.8) (17.8) (55.8) (38   5) (40  7) (22.8)

20 5.0 19.2 14.5 6.5 22.5 173 2.2 17.9 17.4

(31  -6) (21.0) (30.2) (20.4) (25.7) (24.9)

30 45 11.7 17.5 6.1 9.6 13.4 1.9 8.9 17.0

(16.0) (28.3) (6.6) ( 13.8) (  11.5) (24.8)

40 3.0 9.5 12.4 3.5 4.3 10.5 I.8 8.2 12.9

(13,3) (20.9) (1.5) (13.2) (10.5) !18  2)

50 3.0 5.8 6.3 3.4 6.1 9.2 1.9 7.0 6.7

(6.2) (7.3) (5.1) (5.8) (10.0) (7.9)

(r-value) -0.95 -0.96 -0.66 -0.93 -0.92 -094 -0.85 -092 -0.85

C admium added(mgpercolumn) 45.0 46.0 53.0 53.0 61.0 61.0

Value  in parenthesis Indicates percentage retention of applied cadmium

Table 3. Depthujise chstnbution of total nickel in upland sotls c.s infouencecl bg apphed NI ancl FyM (mg k.g-1 )

Depth  of soilcolumn(cm) Sandy  Onattuhara Laterite  soil Red  soll

Control With  FYM No  FYM Control With  FYM No  FYM Control With  FYM No  FYM

10 23.2 130.2 119.6 43.6 183.8 152.4 16.8 178.3 102.5

(23.8) (21.0) (26.5) (20.5) (26.5) (14.0)

20 24.5 128.5 118.7 43.2 147.2 143.8 16.5 97.5 108.2

(23-I) (20  5) (19  6) (19.0) (13.3) (15.0)

30 25.2 90.8 128.I 48.7 154.3 144.5 17.1 116.4 120.0

(  15.6) (22.4) (19.9) (18.i) ( 16.3) (16.9)

40 20.6 112.4 103.4 40.5 127.5 147 . 1 18.3 149.6 183.5

(19.4) ( 18.0) (16.4) (20.1) (21.5) (27.I)

50 17.2 97.5 99.0 40.i 136.9 158.0 20.3 160.3 186.8

(17.8)
'17.8) ( 18. 3) (22-2) (23.0) (27.3)

(r  value) -0.77 -0.76 -0.74 -0.45 0.84 0.38 0.89 0.07 0.93

Nickel  added(mgpercolumn) 450 460 530 530 610 610

Value in parenthesis Indicates percentage retention of appl]ed nickel



Retention  of cadmium  and  nickel

In   the   column   of  laterite   soil,   retention   of
applied  Cd  in  the  top  and  bottom  layers  was  55.8
and   5.1   percent,   respectively  in  the  presence   of
farmyard  manure,  and  in  case of without farmyard
manure  it  was  38.5  and  5.8  percent,  respectively.
The   same  trend  was   noted   in   the  red   soil  also.
Significant  negative  correlation  was  obtained  for
retention  of Cd  with  depth  in  all  the  soils

Cd  was  retained  more  in  the  top  than  in  the
bottom layer in all soil types.  It was invariably higher
when  the  soils were  treated  with  farmyard  manure
and  decreased  in  the  order  laterite  >  red  >  sandy
Onaftukczro. Basic analysis of the soils have revealed
that  their  organic  matter content  decreased  in  the
same  order  suggesting  a  possible  relationship
between  retention  of Cd  and  organic  matter  status
in them.  The  addition of fresh organic matter in the
form of farmyard manure has further decreased their
downward  mobility resulting in  greater retention in
the  top  layers.

Piccolo   (1989)   has  attributed   the   increased
retention  capacity  of added  humic  substance,  and
Karapanagiotics   ef  al.   (1991)   have   specifically
identified   complexation   reaction   responsible   for

greater  retention  of cadmium.

Nickel

The downward mobility of Ni  in  soil columns as
seen from Table 3 reveal a similar pattern as that of
Cd except that it was more uniformly distributed in
the soil showing lesser difference in content between
Individual  layers  from  top  to  bottom.  Coefficient  of
correlation  for  retention  of Ni  with  soil  depth  was
not significant in laterite and sandy Onattikara soils.
However,   positive   significant   correlation   was

69

obtained  in  red  soil.  The  mobility  of Ni  in  soil  thus
appears  to  be  more  than  Cd  and  is  in  agreement
with  the  earlier  report of Taylor  and  Griffin  (1981).
The  higher  mobility  c)f  Ni  compared  to  Cd  may  be
explained based on the selectivity sequence for heavy
metals  cited  by Alliway  (1990)  where  he  has  stated
that Ni is the least tenaceously sorbed heavy metal
on  the  hydroxy  functional  groups  on  the  edge  of
kaolinite    crystals  and  oxides  of    Fe  in  soils.  The
suggested  sequence  of  these  soil  constituents  for
metals  as  Cd   >   Zn   >   Ni  indicates  a  preferential
retention of Cd  compared  to Ni.
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The heavy motals  are probably the most harmful  and  Insidious  pollutants  because of their non-
biodegradable  nature  and  hence  to  assess  wh®thor  the  effluent  irrigation  has  contributed  for
the  heavy  motal  accumulation  in  the  soil,  present  study  was  undertaken  at    Pallipalayam  in
Tamil   Nadu  where   paper   mill     effluent   irrigation   is   in   vogue   for   more   than   25   years.
Representative soil  samples  of  surface  (0-30 cm  depth) and subsurface   soil   (30-60  cm  depth)
from  the    fields,  which  were    under  different  periods  of  effluent  irrigation,  viz.  more  than  25
years,15  years,12  years,  9  yeai.s  and  control  (no  effluent),  were  collected  and  analyzod  for
heavy metals, viz. Cu, Zn,  Pb and Cd by atomic absorption spectrophotometer. The study revealed
that though there  is  heavy  metal accumulation  in the soil,  it  is  below the  permissible  limit.  But
continuous effluent  irrigation  tends to  accLimulate  heavy  metals  in  the soil  and  hence suitable
soil  amendment should  be  applied.

(Key words :   Paper mLll ej:fluent,  Heavy metal contcLrr[ination,  McronutrrerLts)

Applying  wastewater  to  agricultural  lands  is  a
more  economical  alternative  and  more  ecologically
sound than uncontrolled dumping of municipal and
industrial  effluents  into  lakes  and  streams.  The
utilization   of  the   effluents   for  irrigation   is   an
appropriate   solution   as   it   involves   two   main

principles-  use  of  soil  as  a  treatment  system
preventing pollution of the surface water and use of
wastewater as continuous or supplementary source
of irrigation.  Recently,  effluent  irrigation  has  been
adopted  with  great vigour by most paper mills  due
to  the  effective  legislation  and  implementation  of

pollution  control  measures  by  the  State  Pollution
Control   Board.   Though   the   concept  of  effluent
irrigation  seems  promising  the  real  success  can  be
attributed only if there is no adverse impact on  the
environment. The continuous effluent irrigation can
create  environmental  problems  like  accumulation
of  undesirable  proportion   of  toxic  elements,   viz.
heavy metals in soils (Srinivacha.ri  ef ci!.,  2000). The
heavy metals accumulate in the soil which may lead
to adsorption by plants.   This would act as a direct
link  for  incorporation  into  the  human  food  chain.
Heavy  metals  are  probably  the  most  harmful  and
insidious   pollutants    because   of   their   non-
biodegradable nature and their potentiality to cause
adverse  effects  in  human  beings  at certain  level  of
exposure.   The   short   term   benefit   of  effluent
irrigation   should   not   offset   the   heath   and
environmental  consideration.   Hence   to  assess

whether  the  effluent  Irrigation  has  contributed  for
the heavy metal accumulation in the soil, the present
study  was  undertaken  in  an  area  where  effluent
irrigation  is  in  vogue  for  more  than  25 years.

METHODS  AND  MATERIALS

To  assess  whether  the  effluent  irrigation  has
contributed for the heavy metal accumulation in the
soil,  present study was undertaken at Pallipalayam
in Tamilnadu where paper mill effluent irrigation is
in  vogue  for  more  than  25  years.     Representative
soil  samples     of    surface   (0-30  cm  depth)  and
subsurface  soil   (30-60  cm  depth)   from   the   fields

put under different periods of effluent irrigation, viz.
more  than  25  years,   15  years,   12  years,  9  years
and  field  with  well  water  irrigation   (control)  were
collected.  These soil  samples were dried,  powdered,

passed  through  2mm  sieve  and  a.nalyzed  for,  Cu,
Zn,  Pb  and  Cd  by  atomic  absorption  spectrophoto-
meter.  The  effluent  which  was  let  out  for  irrigation
`vas also directly collected  and  analyzed  for Cu,  Zn,
Pb and Cd (APHA,1995).  Soil pH and organic carbon
of surface  and  subsurface  soil  were  also  estimated
as per  the  standard  procedures.

RESULTS  AND  DISCUSSION

The  mean  concentration  of Cu,  Zn,  Pb  and  Cd
in  the  effluents  which  were  let out for irrigation  are

given in Table  1.  The copper content in the effluents
ranged  from  0.034  to  0.046  mg  I-t  with  an  average
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In   the  column   of  laterite   soil,   retention   of
applied  Cd  in  the  top  and  bottom  layers  was  55.8
and   5.1   percent,   respectively  in  the  presence  of
farmyard manure,  and  in case of without farmyard
manure  it  was  38.5  and  5.8  percent,  respectively.
The  same  trend  was  noted  in  the  red  soil  also.
Significant  negative  correlation  was  obtained  for
retention  of Cd  with  depth  in  all  the  soils

Cd  was  retained  more  in  the  top  than  in  the
bottom layer in all soil types. It was invariably higher
when  the  soils were  treated with  farmyard  manure
and  decreased  in  the  order  laterite  >  red  >  sandy
Onattt/kcira. Basic analysis of the soils have revealed
that  their organic  matter content  decreased  in  the
same  order  suggesting  a  possible  relationship
between  retention  of Cd  and  organic matter  status
in them. The addition of fresh organic matter in the
form of farmyard manure has further decreased their
downward mobility resulting in greater retention in
the  top  layers.

Piccolo   (1989)   has  attributed  the   increased
retention  capacity  of added  humic  substance,  and
Karapanagiotics   ef  al.   (1991)   have   specifically
identified  complexation  reaction  responsible  for

greater  retention  of cadmium.

Nickel

The downward mobility of Ni in soil columns as
seen from Table 3 reveal a similar pattern as that of
Cd except that it was more uniformly distributed in
the soil showing lesser difference in content between
individual  layers  from  top  to  bottom.  Coefficient of
correlation  for  retention  of  Ni  with  soil  depth  was
not significant in laterite and sandy Onattikara soils.
However,   positive   significant  correlation  was
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obtained  in  red  soil.  The  mobility of Ni  in  soil  thus
appears  to  be  more  than  Cd  and  is  in  agreement
with  the  earlier report of Taylor  and  Griffin  ( 1981).
The  higher  mobility  of Ni  compared  to  Cd  may  be
explained based on the selectivity sequence for heavy
metals cited  by Alliway (1990)  where he  has  stated
that Ni is the least tenaceously sorbed heavy metal
on  the  hydroxy  functional  groups  on  the  edge  of
kaolinite    crystals  and  oxides  of    Fe  in  soils.  The
suggested  sequence  of  these  soil  constituents  for
metals  as  Cd  >  Zn  >  Ni  indicates  a  preferential
retention of Cd compared  to Ni.

REFERENCES

Alliway,  B.iJ.  (1990).  Heaug Meca!s !n Sol.is.  Blackie,
Glasgow.  330p.

AOAC  |1980|.   Official  and  Tentative  Methods  of
Anci!gsis.   Association  of  Official  Agricultural
Chemists,  Washington.  721p.

Jackson,   M.L.   (1973).    Sol.i  Chemt'ca!  AnaJgsi's.
Prentice  Hall  of India,  New Delhi.  498p.

Karapanagoitics,  N.K.,  Sterritt,  R.M.  and    Lester,
J.N.   (1991).   Heavy   metal   complexation   in
sludge-amended soil, the role of organic matter
in  metal  retention.  EnrironmenfaJ   TechnoJogg
12:   1107  -1116.

Piccolo,  A.   (1989).   Reactivity  of  added  humic  and
substances  towards  plant  available  heavy
metals in soils. Science Of the Total Enuironmeut
81-82:  607-614.

Taylor,    R.W.    and    Griffin,    G.F.    (1981).    The
distribution  of  topically  applied  heavy  metals
in the  soil.  P!ant and Sot.I 62:  147-152.



Jr.  Jnc!t.an Sac.  Coasfal agn.c.  I?es.,  24(I),  70-73,  2006

Status  of Heavy Metals  in  Soils  of
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The heavy metals are probably the most harmful and insidious pollutants because  of their non-
biodegradable  nature  and  hence  to  assess  whether the  effluent  irrigation  r`as  contributed  for
the  heavy  metal  accumulation  in  the  soil,  present  study  was  undertaken  at    Pallipalayam  in
Tamil   Nadu   where   paper  mill     effluent   irrigation   is   in   vogue   for   more   than   25  years.
Reprosontative soil  samples of  surface  (a-30 cm depth) and subsurface   soil   (30-60 cm  depth)
from  the    fields,  which  were    under  different  periods  of  effluent  irrigation.  viz.  more  than  25
years,15  years,12  years,  9  years  and  control  (no  effluent),  were  collected  and  analyzed  for
heavy metals, viz. Cu, Zn, Pb and Cd by atomic absorption spectrophotometer. The study revealed
that though there  is  heavy  metal  accumulation  in  the soil,  it is  below the  permissible  limit.  But
continuous effluent  irrigation tends to accumulate  heavy  metals  in the  soil  and  hence suitable
soil  amendment  sr`ould  be applied.

(Key words :   Paper rmll effluent,  Heavy metal con.tamirtation,  MieronutnerLts)

Applying  wastewater  to  agricultural  lands  is  a
more  economical  alternative  and  more  ecologically
sound than uncontrolled dumping of municipot and
industrial  efnuents  into  lakes  and  streams.  The
utilization   of  the   effluents   for  irrigation   is   an
appropriate   solution   as   it   involves   two   main
principles-  use  of  soil  as  a  treatment  system
preventing pollution of the surface water and use of
wastewater as continuc>us or supplementary source
of irrigation.  Recently,  effluent  irrigation  has  been
adopted  with  great vigour by  most paper mills  due
to  the  effective  legislation  and  implementation  of

pollution  control  measures  by  the  State  Pollution
Control  Board.   Though   the   concept  of  effluent
irrigation  seems promising the  real  success can  be
attributed  only if there is no adverse impact on the
environment. The continuous effluent irrigation can
create  environmental  problems  like  accumulation
of  undesirable  proportion  of  toxic  elements,  viz.
heavy metals in soils (Srinivachari  et a!.,  2000). The
heavy metals accumulate in the soil which may lead
to adsorption by plants.   This would  act as a direct
link  for  incorporation  into  the  human  food  chain.
Heavy  metals  are  probably  the  most  harmful  and
Insidious   pollutants    because    of   their   non-
biodegradable nature and their potentiality to cause
adverse  effects  in  human  beings  at  certain  level  of
exposure.   The   short   term   benefit  of  effluent
irrigation   shc)uld   not   offset   the   heath   and
environmental  consideration.   Hence   to   assess

whether  the  effluent  irrigation  has  contributed  for
the heavy metal accumulation in the soil, the present
study  was  undertaken  in  an  area  where  effluent
irrigation  is in vogue  for more than  25 years.

METHODS  AND  MATERIALS

To  assess  whether  the  effluent  Irrigation  has
contributed for the heavy metal accumulation in the
soil,  present study was undertaken at Pallipalayam
in Tamilnadu where paper mill effluent irrigation is
in  vogue  for  more  than  25  years.     Representative
soil   samples     of     surfaLce   (0-30   cm   depth)   and
subsurface  soil   (30-60  cm  depth)   from   the   fields

put under different periods of effluent irrigation, viz.
more  than  25  years,   15  years,   12  years,  9  years
and  field  with  well  water  irrigation   (control)  were
collected.  These  soil  samples were dried,  powdered,

passed  through  2mm  sieve  and  analyzed  for,  Cu,
Zn,  Pb  and  Cd  by  atomic  aLbsorption  spectrophoto-
meter.  The effluent which was let out for irrigation
was also directly collected and analyzed for Cu,  Zn,
Pb and Cd  (APHA,1995).  Soil pH and organic carbon
of surface  and  subsurface  soil were  also  estimated
as  per the  standard  procedures.

RESULTS  AND  DISCUSSION

The  mean  concentration  of Cu,  Zn,  Pb  and  Cd
in  the effluents which  were  let out for Irrigation  are

given in Table  1.  The copper content in the effluents
ranged  from  0.034  to  0.046  mg  I-i  with  an  average
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value  of  about  0.039  mg  I-I   and  the  zinc  content
varied  between  0.002  mg I-I  and  0.01 ling I-I  with a
mean value of about 0.007mg I-I.  The cadmium and
lead  content  of  the  effluent  ranged  from  0.001   to
0  019  mg  I-1  and  0.103  to 0.267  mg I-1,  respcctively.
The  results  showed  that  the  emuents  let  out  for
irrigation  are  well  within  the  permissible  limit  as

prescribed  by  FAO  (1992)  and  USEPA  (1992)  for the
effluents  to  be  utilized  for  Irrigation   Heavy  metals
in  smaller proportion are required  for plant growth.
The  concentration  of  heavy  metals  in  the  treated

paper    mill    effluents    was    in    the    order    of
Pb>Cu>Cd>Zn.

Table  1. Heavy metals in treated paper rrLill effluents

Heavymetals Mean Max Min Irrigation  standards

FAO USEPA

( 1985) ( 1981)

Cu  (mg/1) 0.039 0.046 0.034 0.2 0.4

Zn  (mg/I) 0007 0.011 0.002 2.0 4

Cd  (mg/1) 0.008 0.019 0,001 0.01 0.02

Pd  (mg/1) 0,204 0.267 0.103 5 10

Generally  soils  have  the  capacity  to  reduce  the
toxiclty  of`  heavy  metals  through  absorption  onto
the  soil clay and deactivated  by chemical speciation
as  a  result  of  reactlon  with   other  Ionic  species.
Additional  protection   against  build-up  of  heavy
metals in toxic concentration is provided by leaching.
Soil  texture,   pH,   amount  of  calcium   carbonate,
organic matter, nature and rate of waste application,
and  interaction with other metals  are other factors
which  influence  the  heavy  metal  accumulation  in

plant  uptake  (Xiang  et  QJ.,1999).    The  soil  texture
of the  effluent  irrigated  field  was  determined  and  it
was  sandy  loam  (sand  68-74.3%,   silt   12.2-14.2°/o,
clay   14.8-17.8%  at  the  surface).    The  soil  pH  and
organic carbon in surface and subsurface soil of the
effluent  Irrigated  field  is  given  in  F`ig   1.   Irrigation
with effluent altered  soil  pH.   The  pH  of the surface

Ccmtrol        9years        12years        15years       25years

Period  of irrigation

-pHtop    -PHsub
Fig.1.  Soil  pH  and  OC  in  top  and  subsoil
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soil in effluent irrigated field ranged from 7.80 -8.30,
whereas  it  was  about  7.30  -  7.40  in  control  field.
The  pH  decreased  with  depth  and  it  was  observed
that the pH of the subsurface soil did not have much
variation. The organic carbon content increased with
the  effluent  irrigation.   The   solubility  and   plant
availability of most heavy  metals  in  soils  is  known
to  be  inversely  related  to  pH  and  organic  carbon.
The organic matter depending upon  its nature  can
either  immobilize  or  mobilize  metals.  The  presence
of organic  matter  or  its  addition  to  soils  has  been
shown to fix heavy metals rendering it less available
to  plants  (Srinivachari  ef ci!.,  2000).

The  heavy  metals,  viz.   Cu,  Zn,   Pb  and  Cd
accumulated in the  surface and  subsurface soils of
the effluent irrigated  fields for different periods (Fig
2a and  b).  Among the  heavy  metals  Cu  and Zn  are
the micronutrients required for the crop production.
Heavy  metals  are  present  in  the  soil  in  different
forms   with   varying  degrees   of  mobility   and
availability   to   plants.   The   magnitude   of  the
bioavailability of the heavy metals and phytotoxicity
depends  on  the  interrelationships  of  a  number  of
factors,  such  as  the  rate  and  frequency  of effluent

Con(rol          9years         12years        15years        25years

-Cu     -Cd     ~Pb     -Zn
Porlod  of ®ffltient jrrtgatlon

Fig.  2a.  Heavy  metal  concentration  in  surface  soll

Control         9yeare        12year8        15years       25years

Period  o.  offiuont lrrlgatJon

-Cu     -Cd
Fig.  2b.  Heavy  metal  concentration  ln  subsoil
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application,  soil  characteristics  and  plant  species.
In general most of the toxic manifestation of metals
depend   on   their   synergetic   and   antagonistic
properties  (Siebe,   1995).

The  results  showed  that  the  copper content in
the effluent irrigated field increased with the period
of effluent irrigation in both surface and subsurface
soil  (Fig  2a  and  b).  The  copper  content  in  the  soils
were 0.0027,  0.0029,  0.0029 and 0.0032  mg kg-I  of
soil under 9 years,12 years and more than 25 years
of effluent  irrigation,  respectively,  whereas  in  well
wa[er  irrigated  field  (control)   it  was  about  0.002
mg kg-I.   Though the  accumulation was not much,
the   period   of  irrigation   increased   the  copper
accumulation.   Moreover,  it was  also observed  that
the copper concentration decreased with the depth.
The  zinc concentration  in  the  soil    was  about 2.5,
2.7,  2.8  and  2.8  mg  kg-I  in  9  years,   12  years  and
more than 25 years effluent irrigation,  respectively.
Srinivascharti  et  a!.   (2000)   showed  that  irrigation
with   undiluted   paper  mill  effluent  drastically
increased the available micrctnutrient Zn, Cu, Fe and
Mn  in  soil over control.  Moreover,  use  of paper mill
effluent increased these micronutrient concentration
in soil, that could cause imbalance in available plant
nutrients.

The  Pb  content  under  12`   15  years  and  more
than 25 years effluent irrigatio!i ranged from 0.003
to 0.005 mg kg-I,  and  it was less  in the  sub§urface
soil.  Lead  was  rapidly  removed  from  the  efnuent
when it passed through the soil due to the formation
of complexes with the organic matter present in the
soil.  Due  to  this  mechanism  lead  concentration  in
the  water  is  generally  low  and  is  quite  high  in  the
soil.   Moreover, lead is tightly held in soils and there
is  generally  no  direct  relationship  between  the
amounts  in   soil   and  concentrations  in  crops.
Vigerrust  and   Selmer-Olsen   (1986)   summarized
sludge  trials  which  showed  no  crop  uptake  of this
element.   Most  field   experiments   have   failed   to
demonstrate  any  significant  increase  in  the   Pb
content in the food chain.  Soil is the principal source
of Cd accumulated by plants.  Cadmium    interferes
with crop  production  as well as it adversely affects
the animal health. This is because Cd is readily bio-
availaLble  for  plant  uptake  in  contaminated  soils.
Cadmium  can accumulate  in  the  edible  portions of
crop  plants  to  levels,  which  could  be  injurious  to
animals if consumed for long periods of time in large

quantities,  whilst  having  no  apparent  detrimental
effects on crops themselves.  In the effluent irrigated

field  the  cadmium  concentration    ranged  between
0.002   to  0.0042   mg  kg-I.   Also  the   study  revealed
that the  Pb,  Cd,  Cu,  and  Zn  tended  to  accumulate
in the top layers of the soil rather than in subsurface
layers.   Berti  and  Jacobs  (1996)  also  reported  Pb,
Cd,  Cu,  and Zn to have a tendency of accumulating
in  the  upper  layers  of  the  soil.  The  texture  of the
soil plays an important role in the mobility of metals
For  soils  with  only  slight  contamination  by  heavy
metals,  lime  applications  may  help.  Lime  increases
the  soil  pH,  and  thus  reduces  the  uptake  of heavy
metals  by  the  crop  (Srinivasari  et cl/.,  2000).

The  plant-soil  system   has  three  protective
mechanisms that can limit the potentially toxic trace
elements  in  the  aerial  portions  of  a  plant  and  so
minimize  health  problems  to  human  or  animals.
Elements  that  are  insoluble  in  soil  and  do  not
accumulate  in plants  like  Pb  are  absorbed  into  the
root but being insoluble  have  limited  translocation
to  shoot.    Elements  which  applied  in  excess  may
cause  phytotoxicity  like  Zn  and  Cu  (Aganga  ef  ciJ.,
2005).

CONCLUSION

The  study  thus  shows  that  the  heavy  metal
concentrations  in  the  effluents  which  were  let  out
for  irrigation  were  very  minimum  and  within  the
permissible level.  But continuous effluent irrigation
may  lead  to  heavy  metals  accumulate  in  the  soil
especially    in    the    tc>p    layers       Though    the
concentration of the Cu, Cd,  Pd and Cd were of very
low  concentration,   continuous  monitoring  and

proper management  practices  should  be taken   for
minimizing the deleterious effects of t,he heavy metal
accumulation.
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Soil and Subsurface Water Quality of Acid  Sulphate  Soils  of
Coastal  Region  and  their Temporal Variability

D.  BURMAN,  a.  K.  BANDYOPADHYAY  and  K.K.  MAHANTA

Central  Soil  Salinity  Research  Institute,  Regional  Research  Station
Canning  Town,  South  24  Parganas   -743  329.  West  Bengal

Field  survey  was  conducted  in  the  Sundarbans  region  to  develop  strategies  of  efticient
management  of  underutilized  and  poor quality  soils  like  acid  sulphate  soils  to  their optimum

:::::i:fn:r]°ndt`|Cot:Vrj::..:haemsp::'sP::frj:eaisaomcp::Sc|::epee:[':ed::eat,;rf°r:ihsepfeac'jT:i:'cf::j'odnssattodiffoenr,:::
the  temporal  varation   in  soil   properties.  The  subsurface  water  samples  were  collected
periodically  from  the  piczometers  installed  at  different  locations  in  the  area.  The  pH  ot  the
soils  were  found  to  be  below  5.a  at  different  locations  and  comparatively  lower  ptl  was
determined  in the  deeper layer of tl`e  soil  profile. The salinity of tlie soils  varied  from  location
to location and it was more at the surface than  in lower layers. The Fe, Al and  Mn content of the
soil  in  all  the  layers  of  the  profile  were  more.  The  organic  carbon  col`tent  in  the  soil  In  the
upper laye. was  medium  (0.5-a.65%) and  it was  low (<0.5%)  in  the  lower  layers.  The solls  were
deficient  in  available  P  conterit  and  it  varied  from  1.31  to  4.28  kg  P  ha-'.  Available  P  content
was  comparatively  low  in  the  deeper  layer  of  the  soil  profile.  Available  N  content  of  the  soil
varied  fi.om  low  in  deeper  layer  to  medium  in  the  surface  layer  ol  the  prolile.  The  available  K
content   of  the   soils   was   generally   at   higher   levels.   The   periodical   chaiiges   ln   soil
physicochemical  p.operties  at  different soil  depths  indicated  gradual  build-up  of soil  salinlty
as  the  soil  dried  up  from  the  moritli  of  December  (after  harvest  of  khar/.f  paddy)  to  summer
month (May). The soil acidity was also higher in the dry period. The quality  of subsurface water

:Ltsh:i:Le:j°mme?tf::`Enstaa:'de:Dusptv°a,6u:sdoe,Ptthhesshu°b:::atchea`wtah,:::nwc::a::addf::Lj:3::adsse+Ti::da;.8
g I-1 to 40.5 dsm-' and 20.4 g I-1 , respectively during August to May. The ptl of water also decreased
during  the  same  period.

(Key words: Ac\d sulphate soils,  Sotl quaitrty, Temporal uanability)

Acid  sulphate  soils  are  recognized  as  problem
soils.   Existence  of  these  soils  in  Indian  parts  of
Sundarbans and other coastal of areas of the country
has already been reported by many (Bandyopadhyay
and  Maji,   1995,   MajL  and   Bandyopadhyay,   1995,
Bandyopadhyay and  Sarkar,  1987,   Govinda  Rajan
and  Venkata  Rao,1976,  Ghosh  et aJ.,1976).  These
soils   are   highly   underutilized.   Development  of
strategies for reclamation and Improvement of these

problem  soils is urgently required  in order to  bring
up the productivity and meet the increasing demand
of  food  in  these  areas.   Before  attempting  for  the
reclaLmation  and  Improvement,   detailed  soil  and
water quality of the acid sulphate soils of the coastal
area  and  their  temporal  variability  was  studied  in
Sundarbans. An appraisal on characteristics of acid
sulphate soils present in the coastal regions of India
has  been  given  by  Murthy   e{  a!.   (1983),   Maji  and
Bandyopadhyay  (1995)  and  Bandyopadhyay  et a!.,

(2003).  However,  detailed  informations  on  changes
in soil properties and underground water quality in
time  scale  under  field  condition  are  meagre,  The
present  Investigation  alms  to  provide  information

on soil and subsurface water quality of acid sulphate
soils  in   coastal  Sundarbans  regions  and   their
temporal  variability.

MATERIALS  AND  METHODS

Field  survey  and  monitoring  for  soil  properties
and subsurface water quality were conducted during
2003 to 2005 at different locations in the cultivated

parts  of  the  lndlan  Sundarbans  delta  (1at`tude:
22°05' -22°30'N, longitude: 88°30' -88°55'8) having
acid  sulphate  soils.  The  climate  of  this  region  is
humid  subtropical.  The  average  annual  rainfall  is
1759  mm,  out  of  which  about  80%  occurs  during
monsoon   (June-October)   and  only  very  limited
showers  are  received  during rest of the  period  in  a
year.  Rice  is  in  almost  the  entire  area  grown  as  a
slngle   crop   during   the   period   June/July   to
November/December   when   the   crop   fields   are
submerged with  rainwater.  Although there are only
few showers during May, the subsurface soil horizon
remains  moist due  to  shallow water table.  The  soil
moisture  and  temperature  regimes of this area are
aquic  and  hyperthermic,  respectively.
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Soil   samples   from   different   depths  were
collected   periodically  from   the   farmers'  fields  at
different  locations  of the  area.  EC2,  pH2,  available
N,  P  and  K,  Org.C,  extractable  Al,  Fe,  Mn  and  Zn
were  determined  following  methods  given  by  Black

(1965).  Kcl extractable Al and  DTPA extractable Fe,
Mn  and  Zn  were  determined  by  Atomic  Absorption
Spectophotometer    (ECIL,    model-4141`).    For

determining  and   monitoring   subsurface   water

qualit.y  piezometers  were  Installed  upto  a  depth  of
6m  at  different  locations  in  the  cultivated  farmers'
fields.   The water samples were collected periodically
and   pH,   EC,   TDS   were   dct€rmined   following
standard  methods.

RESULTS  AND  DISCUSSION

Soil  physicochemical  and  chemical  properties
at  two  locations,   which   were   representatives  of
typical  acid  sulphate  soils  of  coastal  Sundarbans,
are  presented  in  Table   1.  The  pH  of the  soils  were
found  to  be  below  5.0  and  comparatively  lower  pH
values  were  found  in  the  deeper  layers  of  the  soil

profile.  The  strong  acidity  of these  soils  was  due  to
oxidation  of  pyrites  and  other  sulphidic  materials
accumulated     in     these     soils    in     the     past

(Bandyopadhyay  and   Maji,   1995).  The  amount  of
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salt accumulated as indicated  by BC2 values varied
from  location  to  location  and  it  was  comparatively
higher at the surface than at the lower layers of the
soil  profile.  The  organic  C  content  in  the  soil  was
medium  (0.50.-0.65%) and mostly low (<0.50%) in the
lower layers (Table 2). The data on soil nutrient status
indicated  that  the  acid  sulphate  soils  of  coastal
Sundarbans  were  deficient  in  available` P  content
and  it  var]ed  from   1.31   to  4.28  kg  P  ha-I   (Table  2)
Low  available   P  status  or  acid  sulphate  soils  in
Sundarbans  was  also  reported  by  Bandyopadhyay
€f ciz.  (2003).  The  available  N  content in  the  soil  was
found  to  be  medlum  in  the  surface  and  low  in  the
deeper  layers  in  the  profile.  Available  K  content  of
the soil was generally at higher level due to dommant
illitic clay minerals as well as  K containing salt,  llke
Kcl  and  K2S04,  which  contributed  0.9-3.7%  of the
total  soluble  salts  (Bandyopadhyay  e! a!„  2003).

Kcl  extractable  Al  content  in  the  profile  was
high  in  these  soils  and  it  was  higher  in  the  lower
layers of the profile compared to upper layers (Table
3).  DTPA  extractable  Fe  content    in  the profile  was
also  high  and  its  distribution  pattern  in  different
soil  layers  was  same  as  that of extractable  Al.  The
high concentration of Al and Fe in the acid sulphate
soils  make  these  soils  unproductive  (Dent,   1986).

Table  1. Phys.cochemical properties and r[utnent status of acid sulphate soil

Soll Shimultala Kheria
depth pH EC2 OrgC Av.  N            Av.  P          Av.   K pH BC2 Org.C Av.  N            Av.  P          Av.  K

(cm) (1:2) (d  Sin  I (%) (Kg  ha-I) (  I  :2) (clsm   I) (%) (Kg  ha-I)

0-15 4.3 4.1 0.64 312.5 3.78 512.0 4.2 8.6 0.62 3725 4.28 489.0

15-30 4.3 42 0.58 314.3 3.12 486.5 4.6 7.0 0.59 354.3 3.80 4365

30-45 4.2 39 0.61 289.7 3.04 43 I . I 4.2 5.4 0.58 3497 3.09 412.1

45-60 4.2 41 0.56 310.0 2.61 412.3 4.2 5.6 0.43 3ls0 2.85 4103

60-75 4.2 38 0.52 256.7 2.61 412.2 4.I 5.2 0.46 286.7 2.73 3981

75-90 4.I 4.0 0.S8 216.8 1.50 411.3 4.I 5.3 042 226.8 I.31 401 .  1

Table  2.  Microelement contents (ppm) of acid sulphate soils

Soll Shimultala Kherla

depth KCL DTPA  extractable KCL DTPA  extractable.

(cm) cxtractableAl extractablcAl

Fc Mn Zn Fc Mn Zn

0-15 111.9 1725 28.00 301 1269 150,7 11.78 236

15-30 1075 1720 27.02 320 1170 166,2 25.56 268

30-45 1188 1852 2562 3.66 122.4 173.8 2 2  r ' D- 2.54

45-60 130.5 1907 2156 3.30 141.8 198.0 21.98 2.72

60-75 1368 1980 2166 306 I 47 , 2 195.4 22.23 264

75-90 1470 188.7 26.45 311 1503 190.2 26.7 250

1Does not make  any  preferential  suggestion  or the  manufacturer  or  the  model
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Table 3. Periodical changes in soil ph,gsieochemtcal properties

Soildepth(cm) pH  (I:2 EC 2  (dsm-I )

Dec. Jam. Feb Mar. Apr. May Dec. Jam. Feb. Mar. Apr. May

0-15 4.9 4.4 4.2 4.1 4.0 4.I 4.5 4.9 5.6 7.5 9.6 9.5

15-30 4.6 4.5 4.3 4.2 4.0 4.0 6.2 6.4 7.0 7.9 9.5 100

30-45 4.6 4.2 4.i 4.1 4.0 3.9 3.9 4.6 5.3 69 7.8 8.2

45-60 4.5 4.3 4.0 4.0 3.9 3.9 4.8 4.8 5.0 7.0 76 7.8

60-75 4.4 4.2 4.2 4.1 4.0 4.0 4.5 4.6 4.8 5.9 6.4 7.2

75-90 4.4 4.I 4.I 4.0 3.9 4.0 4.2 4.I 4.5 5.8 6.7 7.0

Application   of  lime   might   reduce   the   excess
availability  of  Al   and   Fe.   DTPA  extractable   Mn
content  in  the  soil  was  high,  while  Zn  in  the  soil
was  low.

The  changes  in  physicochemical  properties  of
soil   were   monitored   periodically   during   post-
monsoon  period  when  the  land  remained  fallow
(normal practice) after harvest of paddy. The results
indicated gradual build-up of soil salinity as the soil
dried up from. the month of December (after harvest
of  khar[/ paddy)  onwards  upto  the  summer  month
(May) (Table 2). The soil acidity was also found higher
during  this  dry  period.  The  increase  in  soil  acidity
was due  to oxidation of sulphidic materials present
in   the   soil   as  observed   in   the   earlier  studies

(Bandyopadhyay  and  Maji,   1995).

The quality of subsurface water is presented in
Figs.   1  and  2.  There  was  gradual  increase  in  EC
and TDS in subsurface water with time. The EC and
TDS values increased  from  20.8  dsm-I  and  9.9  g I-I
to  40.5   dsm-I   and   20.4   g  I-I,   respectively  from
August (monsoon) to May (summer). The concurrent
decrease in pH  of water was  also  found during this
period.  Very  high  values  of salinity  and  TDS  in  the
subsurface water indicated the possibility of linkage

Aug.           Oct.          Dec.            Jam           Mar.          Mi`}'

Mon'hg

i      .        EC`(ds/In)--I.-TDS(gi'I)i     =        pH

Fig.1.  Temporal  changes  of subsurface water quality  (Kheria)

^ng.          oat           Due,           lan           Mar.          May
Months

-F,C(ds/in) --+ -'I`DS (g/I) -pH

Fig.  2.  Temporal  changes  of  subsurface
water  quality  (shimultala)

between   subsurface  water  and  brackishwater
estuaries  existing  in  the  region.  This  highly  saline
subsurface  water  is  not  suitable  for  irrigation  and
due  to  this  farmers  in  these  areas  are  not  able  to
utilize  subsurface   water  through  tubewells  for
cultivation of crops.  Harvesting of rainwater in farm

ponds for irrigation in dry months alongwith lining
and high doses of P application can be a very effective
technology  for  growing good  crops  in  these  soils.
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Characterization of Soil  and Water of Brackishwater Fisheries  of
Coastal  Region of Sundarbans, West  Bengal

a.  K.  BANDYOPADHYAY  and  D.  BURMAN

Central  Soil  Salinity  Research  Institute,  Regional  Research  Station,  Canning  Town,
South  24  Parganas  -  743  329,  West  Bengal

ln the  present investigation a number of brackishwater fisheries in different parts of the coastal
region  of West  Bengal  were  selected  and  the  changes  in  properties  in  coastal  soils  tollowlng
introduction ot brackishwater fisheries were studied and compared with the soils  of the  nearby
agricultural  fields.  The  results  showed  a  very  high  seasonal  variation  in  trie  salinity  of soil  and
water ol fish farms as weu as that of agricultLiral fields, the maximum  observed during summer
months.  The  salinity  of the  soils  of the  brackishwater  fisheries  was  related  to  the  salinity  of
water of the fish  farms.   The  pH  of water of the fisr. farms  also showed  seasonal  variation.  The
pH  of tlie  soils  in  both the  agricultural fields  and that in  the  brakishwater fisheries  also varied
widely.  In  some of the  areas,  fish farm  soils as well  as the agricultural  field  soils were found to
be  highly  acidic  while  the   others  were  neutral  to  alkaline  in   nature.  The  distribution  of  soil
salinity  in  the  areas  indicated   higher  soil  salinity  of  the  crop  fields  adjacent  to  fish  farms,
which  decreased  with  increase  in  distance  from  the  lish  farms.  The  soils  of  the  brackishwtei
fish  farms  showed   less  content  of  available  and  total   nitrogen   due  to   low  organic  matter
accumulation   and   anaerobic   condition   of  soil.   The   available   P   content   ol  the  soils   of
brackishwater fish  farms was  also  lower when  measured  under dry  condition.  The  available  K
content  of  soils  was  not  inlluenced  due  to  introduction  ot  brackishwater  fish  farms.       The
availablo   Fe  and   Mn   content  of  soils   increased  consideral)ly   due  to  the   introduction   of
brackishwater fish  farms.

(Keg  words:  So.I  a  u)ater  characterist\cs,  Brackishoater fishenes  in agncultural fields,  Metalitc
sulphide  accurrLulation in sotl)

In  the  recent  years  brackishwater  fish  farms
are  encroaching  upon  the  agricultural  lands  at  a
fast  rate  in  several  coastal  regions  of the  country,

particularly,  in  the  coastal  regions of West Bengal.
When  an  agricultural  soil  is  submerged  it  brings
about  several  changes  in  physicochemical  and
microbiological  properties  of  soil  (Ponnamperuma,
1972).    Brackishwater  submergence  of  soil  brings
about further changes in soil as the water is of high
specific     conductance     and     contains     high
concentration  of cations  and  anions,  out  of which
S04= ions play a special role under reduced condition
of  soil.  The  S04E      ions  are  reduced   to  sulphides

(Patrick  and  Reddy,   1978,  Bandyopadhyay,   1998),
of  which  a  large   portion   are   insoluble  metallic
sulphides which precipitate and  accumulate  in  soil

(Bandyopadhyay et aJ., 2003).  Oxidation of sulphides
Imparts  acidity  to  soils  (Bandyopadhyay  and  Maji,
1995, Dent,1986). Thus, reversion of brackishwater
fisheries  may  result  into  the  development  of  acid
soils.     The   submergence   of  soil   increases   the
solubillty of Fe  and  Mn  in  soil due  to  soil  reduction

(Gotoh  and  Partrick,   1974,   Bandyopadhyay  and
Bandyopadhyay,   1984).   Under  saline  water  sub-
mergence  of soil  the  transformations  of N  in  soil  ls
affected  and  the  loss  of  N   is  hastened  (Sen  and

Bandyopadhyay,   1987)   while,   P  fixation  may  be
induced  due  to  excess  availability  of  Fe  and  Ca  in
soil (Bandyopadhyay,1987).   There has been hardly
any study on  the  impact of brackishwater fisheries
on  soils  in  the  coastal  region  of West  Bengal.  The

present  study  was  undertaken  to  Investigate  Into
the   properties  and   nutrient  status  of  soils  in
adjacent  agrlcultural  fields  due  to  brackishwater
fisheries.

IVIATERIALS  AND  METHODS

The study was conducted in two  parts, viz.  field
studies  and  microplot  studies.

A.   Field  studies

Under  field  studies  soil  and  water  quality  of 6
brackishwater   fish   farms,   viz.   Dhamakhali,
Hindusthan  Lever  (HL),  Hindusthan  lever  -Mondal

(HL-M),  Kusangra,  N.Roy and Ghatakpukur, located
at different parts of the coasta`l region of Sundarbans

(South   24   Parganas  district),   West  Bengal  were
studied.  Out  of these,  the  first  3  fisheries  were  fed
directly  with  the  water of brackishwater rivers  only
while,  the  Kusangra  and  N  Roy  fisheries  were  fed
with  the  water of the  brackishwater  rivers  and  the

pond water. The  Ghatakpukur fishery was fed with
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the water of sewage water canal and the pond water.
The lands under these brackishwater fisheries were
earlier  used  as  common  agricultural  fields  under
rice based cropping systems. The water quality and
soil  properties  of  the  brackishwater  fisheries  were
monitored   in   time  scale   to   study  the  changes
occurring  in   the   agricultural   soil   now  under
brackishwater risheries. The changes in the properties
of adjoining crop fields were also assessed periodically
to  study  the  influence  of brackishwater  fisheries  on
the soil properties of adjoining crop  rields.

a.   Microplot studies

RCC  tanks  of  50  cm  height  (top  open)  treated
as microplots were  placed  Into  the  field  soil  in  such
a way that about  15  cm  of the  top  c)f the tanks was
above  the  ground  level  to  prevent  entry  of any  run
off water from outside during the  rainy  season.  The
tanks were  filled  up  with  the  soil  of fish  farm  areas
up   to   25   cm  and   15   cm   of  standing  water  was
maintained  all  throughout  the  study  period  of  2

years  (2004  &  2005).  The  pots  were  subjected  to  3
levels of standing water  salinity [EC    1.0  ds  in-i  (S]),
15  0  ds  in  I  (S,5)  and  30.0  ds  in-I  (S3o)I  and  3  levels

I  0  (Co),     150  (C,5o)  and    300  kg  ha-I   (C3oo)I  of  fresh
cowdung (82  % moisture)  mixed  with  the soil as the
treatments.   Cowdung  waLs  applied  at  these  doses
every  month  along  with  lime  @  40   kg  ha-i   as  a
common  practice  followed  by  the  farmers.  Lime  is
applied  by  the  farmers,  as  a  normal  practice,  to
maintain  proper  soil  and  water  properties  while,
cowdung  is applied  as  fish  food  supplement.  In  the

present  study,   since  no  fish  was  grown  in  the
microplots  cowdung  acted   as  additional  organic
matter  supplied  to  the  system  to  influence  the  soil
reduction  processes  under  submerged  condition  of
soil.  There  were  9  treatments  and  two  replications.
The  microplots  were  maintained  under  natural
condition  in  open  field  and  nylon  net  covering was
used to prevent addition of air borne  leaves or other
organic  residues  to  the  soil.  The  insoluble  metallic
sulphide   content  of  the   soils   was  estimated   by
treating  the  wet  bottom  soils    of  the  fisheries  with
dilute Hcl (6N)   in a closed system with the provision
for  Inlet  and  outlet of  N2  gas  flow.  Hcl  on  reacting
with  sulphides  produced  H2S  gas  which  was  driven
away  wlth  the  flowlng  N2  gas  and  passed  through
standard  solution  of 12  or ZnoAc  forming  sulphides
following  the  schematic  reaction  as  below.

Fes  +  2HC1  -   Fec12  +H2S

ZnoAc  +  H2S  -  Zns   J   +  H20AC

12  +  H2s  -s   t+  2H+  +2r
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The   reduction   in   the   concentrated   12   was
determined  by  titrating  it  with  Standard  sodium
thiosulphate  (Na2S203)  solution  or  the  reduction  in
the  concentration  of  Zn  in    ZnoAc  solution  was
determined   with   Atc>mic   Absorption   Spectro-

photomenter  to  determine  the  H2S  absorbed  in  12 or
in ZnoAc solution as described by Bandyopadhyay and
Sen (2000) and Bandyopadhyay et a!. (2003),  Dissolved
oxygen  (DO),  biochemical oxygen  demand  (BOD)  and

gross productivity parameter was determined following
the  method  described  by  Gupta  (2004).  The  other

physicochemical properties and availability of nutrients
in sc)il were determined by standard methods.

RESULTS  AND  DISCussloN

A.  Field  studies

The   salinity  of  the   brackishwater  showed
seasonal  variation  with  time,  it  was  lowest  (Fig.   1)
in the monsoon season and increased through winter
season with the highest value in the summer season
(April-May). The fisheries varied among themselves
in  respect  of salinity  of water  due  to  the  difference
in  the  salinity  of water  with  which  they  were  fed.
Highest water  salinity was  found  in  the  Hindustan
leaver  (HL)  and  Hindustan  Leaver-   Mondal  (HLM)
and  lowest was  in  the  Ghatakpukur  fisheries.  The
HL  and  HLM  fisheries  were  fed  with  water  of  the
brackishwater  estuaries  only having  high  seasonal
variability, while Ghatakpukur fishery was fed with
the pond water and the canal water carrying Kolkata
city  sewerage  effluent,   whose  water  salinity  was
lower. The salinity of the canal water in different times
in  the  year  is  also  shown  in  Fig.   1.  The  salinities  of
Kusangra and  N.  Roy  fisheries were  intermediate.

The soil salinity of brackishwater risheries (Fig.  2)
as  well  as  the  soil  salinity  of adjacent  agricultural
and  rice  field  at  a  distance  of  50  in  also  varied
seasonally  as   the   salinity   of  water  varied.   The

A.
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Fig.1.  Seasonal  variation  in  water  salinity  of the  fisheries.
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salinity  of surface  soil  (0-15  cm)  was  higher  than
that of subsurface soil (15-30 cm). The innuence of
brackishwater  fisheries  on  the  salinity  of adjacent
field  reduced  greatly  as  the  distance  from  the
fisheries  increased.  Since  the  trend  was  similar in
all  the  fisheries  the  data  for  only  one  fishery  are
presented  in  Fig.  2.

EilE=
z:.-.-'-   I-'`\

~..'- ^  ``\
Z`'_rf ..,... \   \
-_.i.   --i '---+-``:`+:TS+,i-~fa

Jan`     Feb      Mar      Apr.      May     Jun.      Jul        Oc(      Dec.

Months  of the year

=E'echareFng:?;'5             i;:iR'eshareT!;:}§
•....-  Ricco-15                       -+-Rice  l5-30

Fig.  2.  Changes  in  soll  salinity  of fishery  and  adjoining
crop  field  (Dhamaktlali  fisheries).

Comparative studies of the fish soil and adjacent
crop fields showed that available N and P content of
soil  (measured  under  air  dry  condition)  decreased
under  brackishwater  fish  farming  (Tablel).  The
results corroborated with the observations recorded
by   Bandyopadhyay   (1998).       There   was   an
accumulation  of insoluble  metallic  sulphide  in  soil

under brackishwater fish cultivation. The insoluble
metallic  sulphide  content  of soil  was  presented  as
equivalent of ferrous sulphide  (Fes)  forms (Table  1).
Insoluble metallic sulphide content of soil increased

primarily with the increase in soil and water salinity
as was also reported by Bandyopadhyay ef aJ. (2003) .
The  insoluble  metallic  sulphide  content of soil was
higher at higher organic matter content of soil. The
insoluble sulphide  content in  soil of HL fishery was
the  highest.

The water soluble  NH4-N  and  N03-N  content of
standing water of brackishwater   fisheries (Table 2)
was quite  high while  the  dissolved  P content of the
standing   water   was   low.   Thus,   the   present
brackishwater  fisheries  are  far  from  the  optimum
production level. The dissolved oxygen (DO) contents
of the soils were below the optimum levels while the
biochemical demand  (BOD) content was quite high.
Consequently,   the  gross  productivity    pairameter

(GPP)  of fisheries  was  also  low.

8.  Microplot Studies

The  pH  of microplot  soil  varied  between  7.2  to
7.7  with  not  much  variation  in  the  salinity  of the
standing water or in the quantity of cowdung added
(Table 3). The  salinity of soil varied with the salinity
of standing water.  The  lowest  salinity  (Ece  ds  m`])
was  2.0  and  highest was  33.0.  Organic  carbon  (%)
content  of  soils  increased  due  to  application  of
cowdung  foi.  the  two  years.  The  organic  carbon

Table  1.  Nutrients (kg ha-I ) ancl insoluble sulphide topTrL) in some fish soils and adjoining crop fields

Locatlon Present  use Depth  (cm) Total  N Av.N Av.P Av.K Fes-S

DhamakhaliHLeverHLMondalKusangraNRoyC;natakpukur Fish 0-15 725 112 3.6 298 180

Flsh 15-30 502 93 2.9 282 3161547

Crop 0-15 1582 405 4.8 340
Crop 15-30 1227 320 3.3 325

Fish 0-15 656 106 10.8 350
Fish 15-30 446 85 7.7 320 2463

Fish 0-15 602 105 7.8 335 613

Fish 15-30 414 65 6.3 330 916

Fish 0-15 548 98 9.2 272 98

Fish 15-30 401 75 7.8 260 120284

Crop 0-15 1227 315 15.7 312

Crop 15-30 1004 210 12.9 300

Fish 0-15 665 118 12.8 321

Flsh 15-30 518 92 9.6 312 315

Fish 0-15 584 140 18.7 267 1705

Fish 15-30 492 105 16.1 235 J77C)

Crop 0-15 1227 457 26.3 252

Crop 15-30 781 258 21.4 275
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Table 2.  Procluctivitg parameters of water in brachashu)ater fisheries
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LocationDhamakhali NH4-N N03-N P DO BOD GPP
(mgl-I) (mgl-I) (mgl-I) (mgrl) (mgl-i) (mg  cm-3  h-1)

5.0 1.2 0.06 4.6 2.0 120.4
H  Lever 6.2 3.7 0.4 7.2 4.9 270.4
HLM 5.0 3.7 0.1 5.0 3.0 189.7
Kusangra 6.2 2.5 0.1 4.6 2.9 139.6
NRoy 7.4 5.0 0.82 3.8 11.7 168.7
Ghatakpukur 12.4 7.4 0.68 6.7 30.0 230.2
Canal 18.6 18.6 0.93 I.2 18.2.0 91.8

Table 3. Properties Of soul in microplots as infouenced by treatments

Treatment Water properties Soil  properties
pl] (EC  dsm-I) pH Ece Org.C Fes-S

(ds  in-1) (%) (ppm)
S,-Co 9.3 I.0-1.2 7.3 2.1 0.60

126

S , -C  ,5o 9.1 1.0-I.2 7,6 2.0 0.77
S,-C3oo 9.0 I.0-I.2 7.5 2.0 0.85
S ,s-Co 8.8 15.0-15.8 7.3 17.2 0.65
S,s-C,5o 8.7 15.0-15.8 7.5 17.I 0.80 132
S,5-C3oo 8.6 15.0-15.8 7.3 16.9 0.89 163
S3o-Co 8.4 30.0-31.2 7.6 33.0 0.67 1200
S3o-C,5o 8,3 30.0-31.2 7.7 32.8 0.86 1358
S3o-C3oo 8.1 30.0-31.2 7.2 32.5 0.97 1389

content  was  slightly  higher  at  higher  salinity,
apparently due to lower decomposition rate at higher
soil  and  water  salinity.  There  was  a  considerable
accumulation  of  the  Insoluble  metallic  sulphide  in
soil  at  higher  soil  and  water  salinity.  The  insoluble
metallic  sulphide  content of soil  also  increased  due
to  the  application  of cowdung.

The  study,  thus,  indicated  that  there  may  be
considerable  accumulation  of metallic  sulphldes  in
the  soils  of  brackishwater  fisheries  using  water  of
higher  salinity.  The  accumulation  of  sulphides  ls
highly  detrimental  to  the  soil  quality  leading  to  soil
acidity  as  outlined  by  Dent  (1986).   There  was  an
increase  in  salinity of soils  of the  fish  farms  aLs  well
as  of the  soils  of agricultural  fields  adjacent  to  the
fish    farms.    However,    the    influence    of   the
brackishwater  fisheries  was  marglnal  in  fields  at a
distance of 50 in or more. The soils of brackishwater
fisheries  were  very  poor  in  total  N,  average  N  and
average  P.  The  water  soluble  P  content  of  some
fisheries  was  also  low.   Fertilization  of  these  soils

particularly with P may increase the productivity of
the  flsheries.     The  N03-N  and   NH4-N  in  water  of
some  of  the  fisheries,   particularly  those  receiving

canal  water,   were   high   and   this  may  lead   to
environmental pollution and low productivity of rishes.
DO  content  and  BOD  content  of  the  fisheries  were
suboptimal  which  further led  to  low productivity.
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Assessment  of Ground Water Quality  in
Three  Coastal Blocks  of Orissa
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Ground  water  samples  collected  from  48  randomly  seloctod  tube/bore  wells  of  three  coastal
blocks,  viz.  Khurda,  Mahakalpara  and  Rajnagar of Orissa  in  dry season  2004 were  analysed  for
pH,  EC,  CI,  Ca,  lvlg,  Na,  K  and  Fe.  Sodium  ad§orption  ratio  (SAR)  and  Ivlg/Ca  ratio  of the  ground
waters  were  also  worked   out.   More  than  50°/a  of  the  ground  waters,   occurring  mostly   in
Mahakalpara  and  Rajnagar  blocks,  liad  EC  higher  than  0.75  ds  in-1  indicating  salinity  problem
and  had  70 to  350  mg  L-1  of chloride that may cause  low to moderate  degree of injury to plants.
About  15%  of the ground  waters,  all  occurring  in  Mahakalpara  block,  had  more than  350 mg  L-I  of
chloride  and  SAR  values  greater  than  10,  indicating  potential  chloride  toxicity  and  medium  to
high  sodium  hazard.  Ivlore  than  10  mg  L-1  of  K  was  measured  in  17°/a  and  more  than  100  mg  L"
of Na was  measured  in  about  270/a  of the  ground water samples,  occurring  in  Mahakalpara  and
Rajnagar  blocks,  indicated  their  possible  contamination  wi(h  seawater.  Mg/Ca  ratio was  more
than   1.00   in   37.5%  and   more  than   1.50   in   14.6°/a  of  all   the  ground  water  samples  analysed,
suggesting  potential  sodification  hazard  of these waters.  About  10%  of the  ground waters  had
Fe  concentration  exceeding  5  mg  L-t.  Results  of this  study  indicated  contamination  of ground
waters  of areas  lying  within  1-10  kin  of the  seashore  by  seawatei..

(Keg u)ords: Grouncl u)ater quality, pH, SAR,  Mg/ Ca ratio)

Exploitation of ground water for irrigation is very
low   (13   to   14%)   in   Orissa   while   Vast   tracts   of
agricultural land remain fallow for want of irrigation
during dry season.  Intensification of crop production
will require use of ground water for irrigation in dry
season.  Knowledge of ground water quality is critical
to    planning    fc>r    its    use    for    irrigation    and
understanding  its   management  for   long   term

productivity.  Since  there was scanty information on
ground  water  quality  in  agriculturally  important
regions  of  Orissa,  we  undertook  a  study  in  that
direction.   Our   analyses   of  ground   waters   of
Balipatna  and  Balianta  blocks  of  Khurda  district
showed  high  iron  content  (>5.0  mg  Fe  L-t)  in  more
than 75% of the samples surveyed (Kundu and Singh,
2004).   In  this  paper,  we  report  selected  chemical
characteristics  of  the   ground   waters   in   three
agriculturally impctrtant coastal blocks  of Orissa„

MATERIALS  AND  METHODS

Present study was  conducted  in  Mahakalpara,
Rajnagar and Khurda blocks of Orissa. Mahakalpara
block  in  Kendrapara  district  lies  within   1-5  kin,
Rajnagar block in the same  district lies within  5-10
kin, and Khurda block in Khurda district is situated
within   50-60  kin  of  the  coast  of  Bay  of  Bengal.
Ground   water   samples   were   collected   from   17
tubewells of Mahakalpara,13  tubewells of Rajnagar

and   18  tubewells  of  Khurda    block    during    dry
season    (March-April),  2004.    The    tubewells  were
randomly  selected  from  within  each  of the  blocks.
Boring depth of the tubewells ranged from 3 to 365 in.
Water samples freshly pumped out of each tubewell
were   collected   in   two   separate,   well-rinsed,

polypropylene bottles: one wide-mouthed 500 ml and
one  100  ml  capacity.  Soon  after  collection,  pH  and
EC  of  water  samples  in  the  500  ml  bottles  were
measured using portable meters before storing them
in ice box for subsequent analyses in the laboratory.
Immediately  after  collection,  water  samples  in  the
loo ml bottles were acidified by adding 6 drops of 6

(N)  Hcl  for  subsequent  Fe  analysis.

Chloride, Ca and Mg content of the ground water
samples were analyzed in the laboratory by following
standard   methods   (Richards,   1954).   Na  and   K
concentration  in  the  samples  were  determined  by
flame  photometry,   and   Fe  concentrations  were
measured by atomic absorption spectrophotometry.
Sodium adsorption ratio (SAR)  of the water samples
were  determined  by  the  following  relation:

SAR  =  Na/V[(Ca+Mg)/2],

where,  the  concentrations  are  expressed  in  me  L-i.

Mg/Ca  ratio  of  the  water  samples  were  also
worked  out.
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RESULTS  AND  DISCuSSION

pH  of  the  ground  water  samples  ranged  from
6.0  to  8.3   (F`ig.    1).     pH   of  the   ground   waters  of
Rajnagar (lD No.  18 to 30)  and Khurda (ID  No.  31  to
48)  blocks  were  lower  than  that  of  Mahakalpara
block (ID  No.   I  to  17).  Frequency distribution of EC
of 48 ground waters are presented  in Table  1.  More
than 50°/o of the ground waters had EC higher than
0.75  ds  m'L  indieating  salinity  problem.  Grotmd
waters  of  MahakaLlpara  and  Rajnagar  block.  were
moderately  to  highly  saline  while  that  of  Khurda
block had no salinity problem.  Five out of 17 ground
waters  tested in  Mahakalpara block had EC  higher
than  3.00  ds  in-I.  Use  of  such  highly  saline  water
for irrigation may reduce yield  of beans and onions
by 50% and yield of grain maize and potato by 25%

(Ayers,   1977).

1      5     9    1317  21   25  29  33  37  41   45

Water lD No.

Fig.1.  pH  of 48  ground  waters from  three
coastal  blocks  of Orissa

Table  1. Frequency distnbutlon Of EC of grourid
u)ater samples from three coastal blocks

Of Orissa (DTg  season, 2004)

EC  of water Water class No.  of % of total
(ds/in) tubewells samples

<0.25 Excellent 11 22.9

0.25-0.75 Good 12 25.0

0.76-2.00 Permissible I 19 39.6

2.01-3.00 Doubtfu|2 I 2.I

>3.00 Unsuitab|e2 5 10.4

LLcaching  needed  lf used.

2Good   drainage  needed  and  sensitive   plants  will  have

difficulty obtaining stands

Data on  chloride  content of the  ground  waters
are  presented  in  Table  2.  About  35%  of the  ground
water  samples  had  less  than  70  mg  L-I  of chloride
indicating  nc)  adverse  effect  on  plant  growth.  Most
of  these  low  chloride  ground  water  occurred  in
Khurda  block.  Greater  than  70  mg  L-I   of  chloride
can  become  a  production  problem.  The  principal
effect  of  too  much  chloride  (Cl-)  is  increase  in  tbe
osmotic pressure of the  substrate solution that can
reduce  the  availability  of water  to  plants  and  lead
to   wilting.   When   absorbed   by  plant  roots,   the
chloride   ion  i.  transported  to  leaves,   where   it
accumulates.   Fifty  percent  of  the  ground  water
samples had  70  to  350  mg L-I  of chloride that may
cause  low  to  moderate  degree  of  injury  to  plants.
These  high  chloride   ground  waLters  occurred   in
Rajnagar  and  Mahakalpara  blocks.  About   15%  of
the    ground    water    samples,     occurring    in
Mahakalpara  block,  had  more  than  350  mg  L-t  of
chloride that can cause severe injury to crop plants
if used for irrigation.  Moreover,  chloride ions reduce
availability  of  soil  phosphorus   to   plants.   Soils
irrigated with chloride rich waters need use of nearly
50%  more  fertilizer  P than  the  recommended  dose
for  growing  crops  (Minhas  and  Samra,  2003).

Table 2. Frequency distnbution of Cl of ground
uiater samples of three coastal blocks of

Onssa (DTy season,  2004)

Cl of water Effect on No.  of % of total

(mg/L) Crops tubewells sanples

<70 Generally safe 17 35.4

for all plants

70-140 12 25.0Sen sitive plants
show injury

141-350 12 250Moderately tolerant
plants show injury

>350 7 146Can cause severe
problems

SAR of 14.6% of the ground waters, all occurring
in Mahakalpara block, was more than  10, indicating
medium  tc) very  high  sodium  hazard  (Table  3).

Na analysis data presented in Table 4 show that
45.8% of the ground waters, including all occurring
in Khurda block,  had  less than 46 mg L-I  of Na and
they  have  adverse  effect  on  the  growth  of  only
sensitive crops like tomato. About 44% of the waters,
including  all  occurring  in  Rajnagar  and  some  in
Mahakalpara block,  had  46-230 mg L-I  of Na which
may  adversely  affect growth  of moderately tolerant
crops  like  maize,   potato  and  pepper.   Remaining
10.4%  of  the  grc)und  water  samples  occurring  in
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Mahakalpara block had more than 230 mg L-I of Na
that may cause  injury to  even  tolerant crop  plants
like   barley,   sorghum,   alfalfa,   sunflower  and
sugarbeet  (Maas,   1990).   More  than   loo  mg  L-I  of
Na  measured  in  about  27%  of  the  ground  water
samples,  occurring  in  Mahakalpara  and  Rajnagar
blocks,  indicated  their possible contamination with
seawater.  Water containing greater than  70  mg  L-I
P`la  should  not.be  used  for  overhead  irrigation  of
ornamentals  and   greenhouse   plants   as   foliar
absorption  of  Na  may  lead  to  sodium  toxicity  in
sensitive  species.  Sodium  toxicity,  whether  due  to
root absorption or foliar absorption of Na, is expressed
through marginal leaf bum on older foliage.

Table 3. FTequency d.stnbution of SAR Of ground
u)ater samples from three coastal blocks

of OTi,ssa (Dry season, 2004)

SAR of water Sodium  hazard No.  of % of total
(mmol/,)y2 of water tubewells samples

<10 Low 41 85.4

10-17 Medium 3 6.3

18-26 Hlgh 3 6.2

>26 Very  High 1 2.I

Table 4. FTequeney distnbutton of Na of grouncl
water samples of three coastal blocks of

Onssa (DTy season,  2004)

Na of wate Effect on No.  of % of total
(mg/ L) Crops tubewells samples

<46 Sensitive plants 22 45.8
show injury

46-230 21 43.8Moderately  tolerant

plants show injury
231 -460 5 10.4Tolerant  plants

show Injury
>460 0 0Can  cause  severe

problems

K  concentration  exceeded  5  mg  L-I  in  58%  and
10 mg L-I  in  17% of the ground water samples (Fig 2).
More  than   10  mg  L-I   of  K  in  ground  water  was
detected in Rajnagar and MahaLkalpara block,  while

ground  waters of Khurda  block  had  low K content.
Greater  than  10  mg  L-I  of K  in  ground  waters  may
indicate   their   contamination   with   seawater

(Karanth,  1987).  Data  on  Ca  and  Mg  concentration
in  48  ground  water  samples  of  the  coastal  blocks
are  presented  in  Fig  3.   Ca  concentrations  ranged
from  0.08  to  1.52  me  L-I  in  Khurda,  0.62  tol.40  me
L-I   in   Rajnagar,   and   0.52   to   2.34   me   L-I   in
Mahakalpara block. Mg concentrations ranged from

85

0  to  0.98  me  L-I  in  Khurda,  0.90  to   1.84  me  L-I  in
Rajnagar, and from 0 to 2.44 mc L-i in Mahakalpara
block.  Considering  0  to  6  me  L-i  of Ca  and  0  to  2
me  L-i  of Mg as normal for plant growth,  about  120/o
of  the  ground  water  samples  from  Mahakalpara
block had undesirably high Mg content. Mg/Ca ratio
was  more  than  1.00  in  37.5°/o  and  more  than  I.50
in  14.6°/o of all the ground water Samples analysed,
suggesting  potential  sodification  hazard  of  these
waters.   More  than  600/o  of  the  ground  waters  of
Rajnagar  block  had  high  Mg/Ca  ratio  (> I.00).

1      5     9    1317  2125  29  33  37  4145

Water lD No.

Fig. 2.  K `n 48 ground water samples from
three coastal  blocks Of Orissa

1111!
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Fig.  3.  Ca  and  Mg  in  48  ground  water  samples
from  three  coastal  blocks  of Orissa

Data  on  Fe  contents  of  the  ground  waters
analysed  are summarized in Table  5.  About  10% of
the waters had  Fe cctncentration  exceeding  5  mg L-I.
Maximum  recommended  concentration  of  Fe  in
irrigation   water   is   5   mg   L-I   (Bailey   e{  ci!.,   1999).

Higher  concentration  of Fe  is  not  toxic  to  plants  in
aerated   soils,    but   it   can   contribute   to   soil
acidification  and  loss  of  availability  of  essential
elements   like   phosphorus   and   molybdenum.
Overhead  sprinkling  of water  contalnlng  >5  mg  L-I
of  Fe  may  result  in  unsightly  deposits  on  plants,
equipment  and  buildings.
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Table 5. Frequencg cltstnbution of Fe in ground
u)ater samples of three coastal blocks of

Orissa (DTy season,  2004)

Fe of water No.  of %  of total

(mg/ L) tubewells samples

<1.0 25 52.1

1.0-5.0 18 37.5

>5.0 5 10.4

From the results of the present study it may be
concluded that ground waters of the coastal belts of
Orissa lying within  5 to  10 kin of the  shore of Bay of
Bengal are partly contaminated by the seawater  Use
of such ground waters for irrigation should be done
carefully to  avoid undesirable impact on  soll health
and  crop  growth.
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Study was conducted  in thi-ee of the severe waterlogged areas of Orissa to know its hydrological
variations   in  terms   of  soil   physicochemical   characterization,   hydrogeological  status   and
fluctuations in groilnd water table depth, field water level with respect to rainfaH.  It was observed
that  the  average  ground  water  table  deptl`  varied  from  0-48  cm,  0-79  cm  and  0.30  cm  during
monsoon  in  Erasama,  Astaranga  and  Brahmagiri  areas  during  the  years  2000  to  2004.   Non-
monsoon  ground  water table  depth  fluctuated  between  a.8  to  1.8  in  in  Ersama  and  Brahmagiri
and within  1.2 in-2.6 in in Astaranga. Water balance stucly was conducted to quantify the excess
rainfall, which caused waterlogging situation in these areas.  Under non-saline conditions, paddy
growth  arid  grain  yield  declined  uncler water  depth  of 20  cm  in  Ersama  and  Brahmagiri  areas,
whereas  it declined  under 90  cm  water  depth  in Astaranga.

(Key  words:  Hydrological charactenzation,  Hydrogeology,  Waterlogged sotls)

Among various causes,  waterlogging in  coastal
region   due   to   heavy   rainfall   has   created   a
challenging situation  in  most  parts  of the  country.
Similar  situation  in  Orissa  has  drawn  attention  of
many  researchers.  Therefore  there  is  a  need  to
closely observe the hydrological variation in different
waterlogged  areas  in  order  to  plan  for  integrated
management  of  both  soil  and  water  resources  to
increase the crop production.  Fluctuation of ground
water table depths and field water level in the coastal
areas  mainly  depend  upon  the  topography  of  the
area,   rainfall,   water  level  in   the   sea„   river  flow
conditions.  Depth  of  standing  water  in  paddy  field
and  sustainable limit of ponding depth of water for
crop    production    are    Important    agrc)nomic

parameters in the  mama.gement of irrigation  related
salinity    problems.     This     paper    deals    with
characterization of different hydrological parameters
in regional scale,  which are responsible to aggravate
the  waterlogging  situation   in  different  areas  of
coastal  Orissa  and  their  effects  on  rice  yield.

MATERIALS  AND  METHODS

Three  waterlogged  areas  (Ersama,  Astaranga
and  Brahmagiri)  were  selected  for  the  study.  The

ground   water   table    depth    and   water   level
fluctuations with  respect to  rainfall were monitored
for  3  years  in   selected   areas.   Monthly  potential
evapotranspration  rate  (ETo)  was  calculated  for  the

project  sites  and  it  was  compared  with  the  average
ground   water   table   depth.    Physicochemical
characteristics  of  soils  for  all  these  areas  were

studied.   Experimental  sites  were  selected  on  the
basis of their distances from sea and field water level
was  monitored  during  the  monsoon  season.  Total

paddy  yield   from   the   plots  was   recorded   and
compared with field water level in different locations.

RESULTS  AND  DISCUSSION

Textural  classification  of topsoil  in  most of the
waterlogged  area varied  from  clayey to  clayey loam
with saturated hydraulic conductivity ranging from
0.01  to 0.1  cm h-`  in  Erasama,  0.02  to 3.5 cm  h-I  in
Astranga and 0.02  to 4.2  cm  h-I  in Brahmagiri.  Soil
was  acidic  and   saline   throughout  the   prc)file   in
lowlands   of  Brahmagiri.   However,   comparison
between  waterlogged  and  non-waterlogged  areas
showed  that  pH  was  lower  but  EC  was  higher  in
lowland  than  those  in  the  corresponding  uplands.
Mostly  the  soils were  acidic  to  moderately  acidic  in
reaction,  low  in  organic  carbon  content.  Salinity
difference was more pronounced in Brahmagiri than
in      Ersama      and      Astaranga      areas.      The

physicochemical  characteristics  of Ersama  showed
that  in  waterlogged  areas,  soil  pH  in  plough  layer

(0-15) was near neutral where as in non-waterlogged
area  it  was  acidic.   Salt  and  nutrient  contents  in
waterlogged  profile  was  much  higher  than  that  of
non-waterlogged soil profile.  Organic carbon content
in  waterlogged  soil  increased  with  depth,  whereas
it  decreased  with  depth  in  non-waterlogged  areas.
Bulk  density  in  waterlogged   soil  was  marginally
lower  than  in  non-waterlogged  soil.
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The  average  ground  water  table  depth  varied
from 0-48 cm, 0-79 cm and 0-30 cm during monsoon
in  Ersama,   Astaranga  and   Brahmagiri  area,
respectively  during  2000  to  2004.   Non-monsoon
ground water table depth nuctuated between 0.8 to
1.8 in in Ersama and Brahmagiri and within  1.2 m-
2.6   in  in  Astaranga.   Average   field  water  level
remained upto 30 cm above ground surface (Fig.1).
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Fig.1.  Fluctuation  of ground  water table,  field  water  level
w r I.  rainfall  at  different  areas.

Hydrogeology

ln Ersama, more than 70% of the area remained
waterlogged throughout the year.  Hydrogeology and
litholology  of  these  waterlogged  areas  showed  the

presence   of  sand   and   gravel   layers  having  a
cumulative  thickness of  10-60 in within a depth  of
300-400 in, formed prolific and confined conditions
in   most  parts   of  coastal   Orissa.   These   were
dominated   by  fairly  to   moderately   thick  and
regionally  extensive  confined/unconfined  aquifer
down upto  150-300  in depth.

In the month of May,  when ground water table
depth was  quite  high  (80.75  cia  in  Ersama,  70  cm
in  Brahmagiri,  -166.25  cm  in  Astaranga),  highest
ETo  (18.5  cm  in  Ersama,   17.54  cm  in  Brahmagiri,
17.94 cm in Astaranga) were recorded. Highest crop
yield of 2.8-3 t ha-t at  18-20 cm of ponding depth in
Ersama,  2.5-3  t  ha-I  at 88-90  cm of water  level  in
Astaranga and  2-2.5  t ha-I  with  15-20  cm  of water
level in Brahmagiri were recorded. Crop yield, grains
per  paniclc  and  grain  weight  were  polynomially
related  with  the  ponding water  depth  for all  three
areas.  It was hypothesized that adjusting the water
depth can ameliorate reductions in the yield of rice
under salinity stress. Crop yield drastically reduced
beyond  ponding  depth  of  20  cm  in  Ersama  and
Brahmagiri  and  90  cm  in  Astaranga  under  non-
§aline  conditions  (Fig.  2).  Variation  in  water  depth
due  to  irregularity  affects  rice  growth  and  yield
(Ambumozhi  et aJ.,   1998).

r-
-On=:= `ca

J-
'..-*...=ca
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Fig.  2.  Crop yield  variation with  rospoct to  ponding
depth  for  different  waterlogged  areas.
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Natural  Resources  of North Coastal Andhra  Pradesh -
Improvement  of Crop  Production  through  Efficient

Resource  Management  in  Gudivada  Watershed
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The  soils  of North  Coastal  zone  of Andhra  Pradesli  are  predominantly  (>70°/a)  red  sandy  loams
and  red  sandy  loams  with  clay  base  (Alfisols,  Entisols  and  lnceptisols).  The  other  soil  types
include  alluvial   soils   (lnceptisols),   coastal   sands   (Entisols)   and   black   cracking   clay.soils
(lnceptisols).   The   major  soil   constraints   in   different  soil   types   in  the  zone  are   low  organic
matter  content,  light texture  witti  less  water  holding  capacity  and  rapidly  drying  in  red  sandy
loams,  high  permeability  and  low  water  and  nutrient  holding  capacity  in  coastal  sands,  poor
drainage  in  alluvial  soils,  and  saline  and  alkali  problems  interspersed  in  different  soil  types.
The  zone  is  characterized   by  humid  to  subhiimid  climate.  The  normal   rainfall  of  the  zone  is
about  1060  mm  receiving  throughout  Soutli  West  monsoon  (61°/a),  North-East  monsoon  (26%)
and  dui.jng  winter  and  summer  months  (13%).  Detailed  soil  survey  was  conducted  by  NBSS  &
LUP,  Bangalore  (June  2002)  in  Gudivada  watershed  in  an  area  of  nearly  300  ha  and  the  survey
results  showed  two  major  land forms,  viz.  transitional  plains  with  five  soil  series  (A,B,C,D  and
E)  and  marine  plains  with  three  soil  series  (F.G  and  H).  The  soils  in  transitional  plains  are  very
deep,   clay  to   sandy   clay   (or)   fine   loam   in   texture,   formed  from   alluviiim   deposit  with   soil
constraints  of  imperfectly  to  very  poor  drainage,  and  soil  salinity  having  substratum  with  salt
encrustation.  The  sojl§  of  marine  plains  are  also  very  deep,  but  well  to  excessively  drained,
sandy  soils  formed  from  marine  sand.  The  annual  characterization  over  25  years  (1978-2003)
showed  iTiean  annual  rainfall  of  774.7  mm.  Sustainable  land  use  plans  involving  new  cropping
systems   and  farming   systems   were  suggested   in  transitional   and   marine   plain  soils   for
increasing  economic  returns  of the  farmers.

(Key uiords:  Resource management,  Watershed approach,  North Coastal Anclhra Praclesh)

India has an extensive coastline of around 8000
kin. North Coastal zone (spreading over  17,847sqkm)
is  one  of  the  seven  agroclimatic  zones  of  Andhra
Pradesh state (Subba Rao,1995).  The coastal region
is   endowed   with  a  wide   range   of  topographic
situations,  soil  types,  crops  and  is  having  a  rich
resource  base  of nora  and  fauna.  Inspite  of  these
resource  potentials,   the  coastal  region  is  lagging
behind  significantly  in  terms  of productivity  due  to
a   number  of  soil,   climate   and   water  related
constraints.

Grouping  c>f geographical  area  on  the  basis  of
some  criterion  similarity  is  an  important  step  in  a
number  of studies  like  agroecology,  soil  suitability
crop   distribution,    etc.,    (Patel    et   aJ.,    2000,
Subramaniam,1983,  Sehgal  et aJ.,1989). The zonal
classification  done  based  on  a  diverse  set  of inputs
although   showed   simllarity   in   many   physical
features  on   a   broad   Sense,   the   distribution   of
raLinfall,  biophysical  constraints,   such  as  soil  and
water constraints,  and  socioeconomic  conditions  of
the  farmers  play  a  major  role  for  successful  land
use plan in a given region.   Where irrigation sources

are limited,  the rainfall characterization is the major
factor  that  plays  a  predominant  role,  besides  other
factors  such  as  soil  site  constraints  (soil  erosion,
salinity,  inundation,  etc.)  in  planning  for  efficient
land  use  models.    The  task  is  much  more  under
coastal  agroecosystem,   a  fragile   system  where
climatology  plays  crucial  role  for  making  strategies
for sustainable land use and increasing productivity
of crops.

Since  the  essential physical  resources  such  as
land, water, nutrients and energy are limited, proper

planning and management of the available resources
specific to agroecological subrcgions is necessary to
ensure  maintenance  of their  production  potential.

MATERIALS  AND  METHODS

Keeping  in  view  the  natural  resources  of North
Coastal   zone   of  Andhra   Pradesh   'Anon.,   1991)
National  Agricultural  Technology  Pl oject  on  "Land
Use   Planning   for   Management   of  Agricultural
Resources under Coastal Agro Ecosystem" was taken
up at S.  Rayavaram  mardaJ, Visakhapatnam district
(Andhra   Pradesh   state)   which   falls  under   18.4
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agroecological subregion. The operational area of the

pilot project has been executed in two hamlet villages
(Kothapolavaram   and   Kotharevupolavarm)   of
Gudivada  village,    S.  Rayavaram  manda!,  covering
nearly  300  ha  area,  situated  near  the  sea  coast
(within  a  radius  of 0.5  kin  from  sea).  The  latitude
and  longitude  or  the  region  is   17°24'  and  82°49',
respectively.  Detailed soil survey was conducted (June
2002)  using  1:  8000  scale  in  the  pilot  site  with  the
help of NBSS & LUP, Bangalore and soil-site and water
characteristics  were  studied  in  different  soil  series.
The  rainfall  data  over  25  years  (1978-2003)  was
collected at S.  Rayavaram  mandciJ and the data were
computed  for annual characterization  of rainfall and
seasonal distribution of rainfall.  Moisture  availability
Index   (MAI)   was   also   calculated   taking   into
consideration the rainfall, temperature, wind velocity
and relative humidity of the area.

RESULTS  AND  DISCUSSION

North Coastal zone covers 6 . 50/o of area of Andhra
Pradesh  state.  The  zone  in  general  has  smooth
coastline  along  its  eastern  border  facing  the  Bay  of
Bengal. The plains of the zone with altitude nowhere
exceeding  76m  are  drained  mainly  by  rivers  like
Nagavali, Vamsadhara, Sarada, Varaha, Champavathi,
Tandava, Yeleru, Pampa, etc. Since, no major irrigation
system  is  available,  no  signiricant  and  subregional
agronomic variations exist in  the zone.

The   soils  of  North   Coastal   zone   of  Andhra
Pradesh are predominantly (>70°/o) red sandy loans
and red sandy loans with clay base (Alrisols, Entisols
and lnceptisols). The other soil types include alluvial
soils (Inceptisols),  coastal sands (Entisols) and black
cracking  clay  soils  (lnceptisols).  The   major  soil
constraints  in  different  soil  types  in  the  zone  are
low  organic  matter  content,  light  texture  with  less
water holding capacity  rapidly  drying in  red  sandy
loans, high permeability and low water and nutrient
holding capacity in coastal sands,  poor drainage in
alluvial soils, saline and alkali problems interspersed
in  different  soil  types.  The  zone  is  characterized  by
humid to  subhumid climate.  The  normal rainfall of
the  zone  is  about   1060  mm,  out  of  which  610/o  is
received  during  South  West  monsoon,  26%  during
North-East monsoon and the remaining 13% during
winter  and  summer  months.  (Anon„   1991).

Of the total geographical area of 18.02 lakh hectare
in the zone, the net area sown is 53.8% and the balance
is  occupied  by  forests,  barren  and  uncultlvable  land

(11.1%),  land  under  miscellaneous  tree  crops  (1.8%),
permanent  pastures  and  other  grazing  lands  (1.1%),

current fallows (4.9%), fallow lands other than current
fallows  (2.4%).  The  rural  population  of  the  zone
constitutes  79%  of  total  population  depending  on
agriculture. Small holdings (below one hectare) occupy
67%  and  large  holdings  (above  10  hectares)  account
for only 0.5% of total holdings.

Important crops raised in the zone are rice, mlllets,
sugarcane,  groundnut,  sesame,  mesta  and  tapioca.
Riceis a staple food crop of the zone and acounts for
38°/o  of  total  cropped  area.  This  was  followed  by

groundnut ( 15%), pulses ( 11%), bajra (6%), mesta (6%),
sesame  (4.5°/o),  ragi  (4°/o)  and  sugarcane  (4%).  Fruits
aLnd  vegetables account for  7%  of total  cropped  area,
indicating importance given to fruit crops like mango,
cashew and to a certain extent banana and  guava in
this region. The  productivities of some  of these crops
are  found  to  be  less  and  thereby  stressing  the  need
for  boosting  up  the  yields  of  these  crops  through
efricient natural resource  management.

Hence,   a  study  on  "Land   Use  Planning  for
Management  of  Agricultural   Resources  under
Coastal  agroecosystem"  was  taken up  a.t  Gudivada
watershed  under  National  Agricultural  Technology
Project     (NATP)     at    S.     Rayavaram     marida!,
Visakhapatnam district (Andhra Pradesh state). The
Detailed   Soil  Survey  (conducted  by  NESS  &LUP,
Bangalore  in  LJune   2002)   at  the  pilot  project  site

(Fig.1)   showed   two   distinct   land forms   namely
transitional  p.lains  and  marine  plains.  The  soils  of
transitional plains are categorized into five soil series

(A,  a,  C,  D and  E)  and marine plains into three soil
series   (F,   G   and   H).   The   soils  of  Inland   plains

(transitional plains) are very deep, imperfectly to very
poorly drained,  have  texture varying from  clay and
clay loam soils,  formed from alluvium deposits. The
substratum  is  partially  gleyed  layer  with  shells  or
salt encrustation. The slope in these lowlands varies
from 0-3% (gently  sloping land). The  soils of marine

plains  are  very  deep,  well  to  excessively  drained,
sandy soils  formed  from  marine  sand.  The  slope  in
marine  plains  ranges  from  1-5%,  gently  sloping  to
undulated  land.  The  soil  constraints  identified  in
these  soil  series  include  occurrence  of  saline  and
alkali  soils  in  the  transitional  plains  (Soil  series  A,
a,  and  C),  water  stagnation  in  transitlonal  plains

(Soil  series  E),low  fertllity  status of soils  in  manne
plains  (Soil  serles  F,  G  and  H),  salinity  occurrence
due to rise of water table in marine plains  (Series F`,
G  and  H),  monocropping  of  paddy  ln  transitional

plains,  leaving  the  field  fallow  for  robi. season  with
poor land use efficiency in marine plains raised with
pure  coconut cashew  orchards  (Table  I).
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Fig.  1.  Soil resource map of the pilot project area

The  annual  rainfall  characterization  over  25

years  (1978-2002)  at S.  Rayavaram  rriaridaz showed
a mean annual total  rainfall of 774.7  mm.  Seasonal
distribution   of   rainfall   (l``ig.2)    and   monthly
distribution of rainfall (Fig.  3)  (average over 25 years)
showed  that  more  than   50%  rainfall  (57.2%)  was
received  during  s6uth  west  monsoon  followed  by
north  east  monsoon  (28.1%).  A  meagre  amount  of
rainfall  was  received  during  cold  weather  period

(Jan-Feb)  (3.3%)  and  hot weather period  (Mar-May)
(11.4   0/o).   Higher  moisture   availability  index  was
observed   during  June-October,   with  excessive
moisture available in the month of September (Fig 4).

C\VP              HWP                 SWM              N EM

Seasons

Fig.  2.  Seasonal  distributlon  of  rainfall  (average  of over
25  years)  (1978-2002)  at  S   Rayavaram  mandal,

Visakhapatnam  (district)
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Fig. 3. Average  monthly rainfall for over 25 years
(1978 to 2002) of S   Rayavaram manda/ in

Visakhapatnam  district`
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Fig. 4.  Moisture availability index at S.  Rayavaram  manda/
( 1978-2002)  of Visakhapatnam  district.

Keeping in view the soil-site characteristics and
rainfall     characterization     and     taking    into
consideration  the  soil  constraints  in  the  pilot  site,
some  of the  following  land  use  plans  are  suggested
for  improving  the  economic  returns  of  the  farmer
and  for  sustainable  land  use  under  coastal  agro-
ecosystem  in  North  Coastal Andhra  Pradesh.

i)      Growing  of  saline  resistant  varieties  of  paddy
like  Deepthi.

2)      Introduction  of  rice  based  cropping  system  in
monocropped   paddy   areas   where   supple-
mentary  irrigation  facilities  are  available  and
the  soils  are  free  of salinity  at  least in  surface
layers.

3)      Growing  of  silvi-pasture  crops  in  some  of  the
inland soils where the soils showed high salinity

(due   to   intrusion   of  seawater   with   salts
deposited  on   the  surface  soils)   coupled  with
inundation   due   to   subsurface   ill  drainage
making the soil very problematic for raising any
Crop.

4)     Growing  intercrops  in  coconut  and  cashew
orchards  in  marine  soils  by  following  proper
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Surge  Drip  Irrigation in Sand  and  Gravel Tubes
D.  PARAIVIJITA',  S.C.  NAyAK,  A.P.  SAHu  and  N.  SAH002

tDepartment  of  Soil  &  Water  Conservation  Engineering

Orissa  University  of Agriculture  and  Technology
Bhubaneswar -751  003,  Orissa

and
2Water Technology Center for  Eastern  Region,

Chandrasekharpur,  Bhubaneswar   -751  023,  Orissa

The water-use efticioncy of drip irrigation is highly dopondent on evaporation  losses occurring
from the constantly  §aturatod soil  beneath the emitters. Advent of subsur{aco  drip  irrigation  is
in fact an approach to cllrb this efficiency. For the above study three types of tiibes were prepared
using sand,  gravel and  both sand a gravel.  For the first set of experiments,  in  both  continuous
drip and surge drip irrigation methods, wetting front advances at the end of 2 hours of irrigation
for  each  type  of  tube  was  observed  and  recorded  for  a  discharge  rate  of  2  Iph  keeping  the
volumo of water application same.   For each curve the maximum  horizontal and vertical wetting
front advances were  measured.  The  exporiment§  conducted  with  surge  drip  irrigation  led  to  a
conclusion  that  both  the  horizontal  waterfront  advance  and  vertical  waterfront  advance  were
higher than those with  continuous  drip  irrigation.

(Eey words:  Surge irngahon,  Subsurface dnp irngalton,  Wetting front advance)

Technological  innovations  are  to  be  exploited
to achieve the twin objective of optimum use of water
and higher productivity. The drip irrigation method
is  now  one  of  the  fastest  growing  technologies  in
modern  agriculture  and  has proved  to  be  the most
efficient  one.  Drip  irrigation  system  suffers  from
clogging of emitter  and  microtubes.  An  alternative
approach to the clogging problem is to increase the
size of the  emitters and  microtubes.  However,  this
may increase the discharge of microtube emitter and
change  the  pattern  of  wetting  in  the  soil  thus
affecting the water availability to the plants. In order
to  reduce  this  difficulty  Karmelli  and  Peri  (1974)
introduced  pulse/ surge  irrigation.  Surge  irrigation
involves intermittent application of water at speciried
discharge rates in an ON-OFF irrigation cycling mode
into  individual  furrows  which   should  result  in
accelera.ted waterfront advance rates and minimum
deep percolation losses  (Coolidge  et a!.,  1982,  Duke
et.  al.,  1983),  thus achieving high order of irrigation
application,  storage  and distribution efficiencies in
comparison to continuous flow of water for irrigation.
Another new  irrigation method,  namely Sand Tube
Irrigation  (STI)  method  employs  a  surface     drip
system   in   conjunction   with   a   sand   tube column
for  reducing  evaporation  significantly.  The  sand
media  transmits  water  into  the  profile  by  way  of
vertical  and  horizontal  flow  from  the  sand  tube's
base and circumference (Meshkat ef cll.,1998). Sand
tube  method is only applicable  to  permanent tree/
vine   crops  where   harvesting  and   other  field

operations  do   not  Interfere  with  drip  Irrigation
systems.   Keeping  the  facts  stated  above  in  view,
experiment wass conducted to study the waterfront
advance  by  surge  drip  sand  tube,  gravel  tube  and
sand  and  gravel tube  irrigation.

MATERIALS  AND  METHODS

The soil used in the experiment was collected
from   the   Central   F`arm,   O.U.A.T.   The   soil  was
collected, dried, crushed and mixed thoroughly. The
dried soil was sieved with a 6  mm size sieve for use
in the  experiment.  The percentage of sand,  silt and
clay  was  determined  and  texture  of  the  soil  was
determined  using  USDA  soil  classification  chart.
The experimental  set up consists of soil tank model
fitted with two fibre glass plates. The dimensions of
the soil tank model were:  L =  92  cm,  8 =  91.5 cm,  H
= 61.0 cm.   Internal angle between plexyglass plates
=  115°,  length of flexy glass plates  =  58.0 cm  (right)

and  53.0  cm  (left).  Bottom  of  the  soil  tank  and  its
three  vertical  sides  were  made  up  of metal  sheet.
Other  vertical  side  has  been  provided  with  two

plexyglass  plates  at  an  angle  of  115  degrees.  The
vertical  side  provided  with  plexyglass  plates  at  an
angle was used for observing advance of waterfront.
A metal mould of 8 cm internal diameter and  15 cm
height was  used  in  making  sand  tube,  gravel  tube
and  sand  &  gravel  tube  in  the  soil.  The  tank  was
filled with the  test  soil up to a depth of 46  cm.  The
metal  mould  was  held  vertically  in  the  middle  of
vertical  side  provided  with  plexyglass  plates.  The
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agronomic  management  practices  like  regular
application  of organic  manures,  mixing  of clay
and  tank  silt  for  improving  soil  fertility  and

physical  condition  of  soils.

5)      Introduction   of  farming  systems  in   marine
coastal sands by introducing animal component
like  goat  rearing  in  orchard  areas  (cashew  and
coconut orchards)  besides raising intercrops in
these orchards for increasing the  income of the
farmers,  as mostly  the  areas in marine coastal
sands  are  occupied  by  small  farmers.

Validation  of  some  of  the  suggested  land  use

plans  was  made  and  following  are   some  of  the
successful  attempts.

(1)     Increase  in  grain yield  of paddy was observed by
introducing  salt  tolerant  paddy  varieties  like
Deepthi  (150  days  duration)  over  the  traditional
variety,  viz.  Sreekakulam  sannalu  (165  days)  in
the  transitional plains of the  pilot project region.

(2)    Increase  in  net  returns  by  around  68  0/o  was
observed  by  intrc)ducing  sweet  orange  as  an
intercrop  in  coconut  orchards  followed  by
banana  (3.38  %)  in  marine  plains  in  the  pilot

project  area.

(3)    Nutrient  rich  coirpith  compost was  found  to  be
prepared  through  efficient  utilization  of  coir
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(which   was  produced  @  3t  ha-I   in   coconut
gardens)  by applying plurotis (a microorganism
which decomposed  the coir pith quickly) @  1  kg
and  single  superphosphate  @10  kg  per  tonne
of coirpith  in  layers.    The  farmers  in  the  pilot

project area were found preparing the compost,
applying to the  fields,  and  getting higher yields
with  good  quality.
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Surge  Drip  Irrigation in Sand  and  Gravel Tubes
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The water-use efficiency of drip irrigation is highly dependent on evaporation  losses occurring
from the constantly saturated sou  beneath the emitters.  Advent of subsurface drip  irrigation  is
in tact an approach to curb thls offici®ncy. For the above study three types of tubes were prepai.ed
using sand, gravel and  both sand a gravel.  For the first set of experiments,  in  both  continuous
drip and surge drip irrigation methods, wetting front advances at the end of 2 hours of irrigation
for  each  type  of  tube  was  observed  and  recorded  for  a  discllarge  rate  of  2  Iph  keeping  the
volume of water application same.   For each curve the maximum  horizontal and vertical wetting
front advances  were  measured.  The experiments  conducted  with  surge  drip  irrigation  led  to  a
conclusion  that  both  the  horizontal  waterfront  advance  and  vertical  waterfront  advance  were
higher than those with  continuous  drip  irrigation.

(Kesi words:  Surge irngation„  Subsurface dnp irrigat\on,  Wettirig front advance)

Technological  innovations  are  to  be  exploited
to achieve the twin objective of optimum use of water
and higher productivity. The drip irrigation method
is  now  one  of  the  fastest  growing  technologies  in
modern  agriculture  and  has  proved  to  be  the  most
efficient  one.   Drip  irrigation  system  suffers  from
clogging  of emitter  and  microtubes.  An  alternative
approach to the clogging problem  is to increase the
size  of the  emitters and  microtubes.  However,  this
may increase the discharge of microtube emitter and
change  the  pattern  of  wetting  in  the  soil  thus
affecting the water availability to the plants. In order
to  reduce  this  difficulty  Karmelli  and  Peri  (1974)
introduced  pulse/ surge  irrigation.  Surge  irrigation
involves intermittent application of water at specified
discharge rates in an ON-OFF irrigation cycling mode
into  individual  furrows  which  should  result  in
accelerated waterfront advance rates and minimum
deep percolation losses  (Coolidge  ef a!.,  1982,  Duke
et. al.,1983), thus achieving high order of irrigation
application,  storage  and  distribution  efficiencies  in
comparison to continuous flow of water for irrigation.
Another new irrigation  method,  namely  Sand Tube
Irrigation  (STI)  method  employs  a  surface    drip
system   in   conjunction   with   a   sand   tube column
for  reducing  evaporation  significantly.  The   sand
media  transmits  water  into  the  profile  by  way  of
vertical  and  horizontal  flow  from  the  sand  tube's
base and circumference  (Meshkat eta!.,1998). Sand
tube  method is only applicable  to permanent  tree/
vine   crops  where   harvesting   and   other   field

operations  do  not  interfere  with  drip  irrigation
systems.  Keeping  the  facts  stated  above  in  view,
experiment wass conducted to study the waterfront
advance  by  surge  drip  sand  tube,  gravel  tube  and
sand  and  gravel tube irrigation.

IVIATERIALS  AND  METHODS

The soil used in the experiment was couected
from   the   Central   Farm,   O.U.A.T.   The   Soil  was
collected, dried, crushed and mixed thoroughly. The
dried  soil was sieved with a 6  mm  size sieve for use
in the experiment.  The percentage of sand,  silt and
clay  was  determined  and  texture  of  the  soil  was
determined  using  USDA  soil  classification  chart.
The experimental  set up consists of soil tank model
fitted with two fibre glass plates.  The dimensions of
the soil tank model were:  L =  92  cm,  8 =  91.5 cm,  H
= 61.0 cm.   Internal angle between plexyglass plates
=  115°,  length of flexy glass plates  =  58.0  cm  (right)

and  53.0  cm  (left).  Bottom  of the  soil  tank  and  its
three  vertical  sides  were  made  up  of  metal  sheet.
Other  vertical  side  has  been  provided  with  two

plexyglass  plates  at  an  angle  of  115  degrees.  The
vertical  side  provided  with  plexyglass  plates  at  an
angle was used for observing advance of waterfront.
A metal mould of 8 cm internal diameter and  15 cm
height was used  in  making  sand  tube,  gravel  tube
and  sand  &  gravel  tube  in  the  soil.  The  tank  was
filled  with  the  test  soil  up  to  a  depth  of 46  cm.  The
metal  mould  was  held  vertically  in  the  middle  of
vertical  side  provided  with  plexyglass  plates.  The
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space  around  the  metal  mould  was  filled  with  soil.
This  was  followed  by  filling  the  metal  mould  with
sand.  The metal mould was lifted gradually holding
the handle provided with the mould till a sand tube
was made up to the  surface of soil in the tank. The
prc)cedure was also followed  in making gravel tube.
In making a sand & gravel tube the lower half of the
mould  was  filled  with  sand  and  the  upper  half of
the  mould  was  filled  with  gravct.

Irrigation  system

A plastic bottle was kept in position on a vertical
stand.   It  was  of  2  litre  capacity.  The  bottle  was

provided  with  a  horizontal  orifice  at  its  bottom.  A
piece  of plastlc  microtube  of 50  cm  long was  fitted
to the orifice. At the end of the microtube an emitter
was  attached.  The  emitter  was  calibrated  for  its
discharge.  In order to get higher rate or discharge a
capillary  tube  was  fitted  to  the  end  of  microtube
and discharge of capillary tube was also calibrated.
The  emitter  /  capillary  tube  was  placed  on  top  of
the  sand  tube,  gravel  tube  and  sand  & gravel  tube
and  suitably  kept  in  position.  Constant  head  was
maintained   in   the  overhead   bottle.   Water  was
allowed  to fall on  the  top  of microtube  through the
emitter.   Supply  of  water  through   emitter  was
considered  as  the  irrigation  ON-  TIME.  The  supply
was  disconnected  for  certain  period  of  time  by
removing the  microtube/capillary  tube,  which  was
irrigation  OFF`-TIME.

Replacement of test soil

On  completion  of  one  experiment,  sand  tube,
gravel  tube  and  sand  &  gravel  tube  as  well  as  wet
soil  around  the  mould  were  carefully  taken  out  of
the  soil tank.  The  soil was  dried,  pulverized,  sieved
and reused in subsequent experiments.  Sand  tube,
graLvel  tube  and   sand  &  gravel   tube  were  again
Installed   in   the   soil   following   the   procedure
explained  earlier.

Calibration  of emitter

The  emitter  was  fixed  at  the  soil  surface  level.
Water was then  supplied to the emitter through the
supply  bottle  and  a  constant  head  of  water  was
maiintained  during the period.  Under that condition
500  ml  of water was  collected  from  the  emitter in  a

graduated  measuring  cylinder  and  the  time  taken
was  recorded  by  a  stopwatch.  The  discharge  of
emitter  was  found  to  be  2  litre  per  hour.  In  similar
manner,  the rate of discharge of capillary tube was
determined. The capillary tube was  found  to  be  of 5
lph.  The  discharge  of  emitter/capillary  tube  was
calculated  by

q  =  v  /  t,  lph.
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Experimental  procedure

Transparent sheet was fixed  on  the  plexyglass
plates  of  the  soil  tank  model  lying  in  front  of  the
sand tube for demarcating the advance of waterfront.
The emitter / capillary tube was placed on the sand
tube and other two tubes. Water was supplied from
the bottle under constant head  through the emitter
to the sand tube. To start with,` soil in`the tank was
irrigated  at  a  rate  of 2  lph  through  the  sand  tube
continuously   for   two   hours.   The   maximum
waterfront advance  both  in  horizontal  and  vertical
directions  was  recorded  at  the  end  of  two  hours.
The volume of water supplied during that period was
also  recorded.  The  continuous  drip  irrigation  was
followed  by surge  drip  irrigation  for three  and  haLlf
hours, keeping the total volume of water applied for
irrigation  same  in  both  cases.   In  the  surge  drip
irrigation,  the  irrigation  ON-  TIME  was  kept  30
minutes  followed  by  irrigation  OFF  TIME  of  30
minutes.  In  similar fashion the waterfront advance
was  recorded  in  case  of  gravel  tube  aLnd  sand  &

gravel  tube  under  continuous  and  surge  drip
irrigation   methods.   This   set   of   experiment
constituted six experiments; two with each tube, i.e.
sand  tube,  gravel  tube  and  sand  & gravel  tube.

RESULTS  AND  DISCUSSION

The  screened  test  soil  was  found  to  be  sandy
loam. The percentage of sand, silt and clay was 69.0,
21.6  and  9.4  percent  respectively.

Comparison   of   wetting   front   advance   with
discharge  rate of 2 Iph

ln  order  to  compare  the  wetting front  advance
by  continuous   drip   irrigation   and   surge  drip
irrigation  experiments  were  conducted  with  sand
tube,  gravel  tube  and  sand  a  gravel  tube  with  a  2
lph   emitter.   Percent  of  increase   in   maximum
horizontal  water  front  advance  and  maximum
vertical  water   front  advance   observed   during
irrigating the soil around sand tube, gravel tube and
sand & gravel tube  with water application rate of 2
lph     in   both   the   methods   of  continuous  drip
irrigation  and  surge  drip  irrigation  are  presented
below.   During   continuous   120   minutes   drip
irrigatic)n at the flow rate of 2  lph to the soil around
the  sand  tube,  gravel  tube  and  sand  & gravel tube
with  a  volume   of  4   lit  of  water  the  maximum
horizontal  water  front  advance  was  observed  to  be
24.5 cm, 22.0 cm and 30.5 cm, respectively. However
the  maximum  horizontal  water  front  advances  in
the soil around the sand tube, gravel tube and sand
& gravel tube under surge drip irrigatlon with similar
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flow rate and with the same volume of water applied
during  120 minutes total irrigation on-time achieved
with a cycle of 30  minutes on-time and 30 minutes
off-time  of irrigation  were  observed  to  be  27.0  cm,
27.3   cm   and   34.3   cm,   respectively,   and   this
corresponded  to   10.20,   24.09  and   12.45  percent
increase,   respectively  over  the  continuous  drip
Irrigation  (Fig.  i).  It was observed  that under surge
drip  irrigation  the  horizontal  water  front  advance
with sand & gravel tube was 27 percent higher than
that with sand tube. It was also observed that under
surge  drip  irrigation  the  horizontal  water  front
advance with gravel tube was  I percent higher than
that with  sand  tube.

Vo.me or I.rateri. in   F few latB-2 Iph  Total *iiga8on lime-t20 rfultes

Continuous        S.Inge        Comtmuous        Surge        Continuous        Surge

Sand Tube                               Gravel Tube                       Sand a GTavel Tube

Fig.1.  Maximum  horizontal  water  front  advance,  X.

During continuous  120 minutes drip irrigation
to  the  soil  around  the  sand  tube,  gravel  tube  and
sand  &  gravel  tube  at  the  flow  rate  of  2  lph  the
maximum vertical water front advance was observed
to  be  25.0  cm,  36.5  cm  and  30  cm,  respectively.  In
case of surge drip irrigation, maximum vertical water
front  advance  in  the  soil  around  the  sand  tube,
gravel  tube  and  sand  &  gravel  tube  with  a cycle  of
30  minutes  on-time  and  30  minutes  off-time  of
irrigation with similar flow rate for the same volume
of water  applied  during  total  irrigation  on-time  of

VoL.me  of `^ri*er, .  lil    Flowr rate-2  h.h   TI)1al  irrigalinn the  _  120  mlnutes

Fig.  2.  Maximum  vertical  water front  advance,  Y.

120  minutes  was  observed  to  be  30.0  cm,  39.0  cm
and  41.0  cm,  respectively,  and  this  corresponded  to
20.00,  6.85  and  36.67  percent increase,  respectively
over the continuous drip irrigation  (Fig.  2).

The  vertical  water  front  advance  under  surge
drip  irrigation  with  the  above  flow  rate  and  above
total irrigation on-time with gravel tube and sand &

gravel  tube  was  30.00  percent  and  36.67  percent,
respectively  higher  than  sand  tube.

REFERENCES

Coolidge,  P.S., Walker, W.R.  and Bishop,-A.A.  (1982).
Advance  and  runoff  under  surge  flow  furrow
irri8a\tion.   ASC`E  Journal  of  Irrigation  and
Dra{riage  DtLJisiori  lo8(IRI):  35-42.

Duke,  H.R.,  Izuno,  F.T.    and  Podmore,  T.K.  (1983).
Surge Irrigation management. Agn.cuJfuroJ Wafer
Management  11(34)..  279-291.

Karmelli,  D.  and  Peri,  G.  (1974).  Basic  principles of

pulse irrigation.  ASCE Jouma! a/Jmga{!.on anci
Dro!.ricige  DtL/isiori  loo:  309-319.

Meshkat,   M.,   Warner,   R.C.   and  Workman,   S.R.

(1998).  Comparison  of water  and  temperature
distribution profiles under sand tube irrigation.
Transaction ASC`E  41(6):   1657-1664.



Advanced research ln nutrients &
crop management Including horticulture and

plantation crops and their utlllzatlon



L/.  Jnc!i.art  Soc.  Coasfaz  czgrl.c.  Res.,  24(I),  97-102,  2006 Invited  Paper

Status  and  Future  Prospects  for Value Addition
in Spices in Coastal Ecosystem

V.A.  PARTHASARATHY,  T.  JOHN  ZACHARIAH  and  E.  JAYASHREE
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Spices  are  high  value  export  oriented  crops  extensively  used  for flavouring  food  and  bevoragos,
medicines,  cosmetics,  porfumory,  etc.    Value  addition  is  a  means  to  incroaso  the  domestic  and
international consumption of spices.   The paper discusses  products from all the major spices,   Major
spices  are  black  pepper,  cardamom,  ginger,  turmeric,  chillies,  nutmeg,  cinnamon  and  clove.   Value
added products of black pepper and ginger are based on I)oth fresh and dry raw material.   Processing
techniques contribute towards better quality products, which shoLIld be the focus in future.

(Key ulords:   Spices, Value ciddition, Processing, Products)

Spices  are  high  value  export  oriented  crops
extensively  used  for  flavouring  food  and  beverages,
medicines, cosmetics, perfumery, etc. Spices constitute
a  significant  and  indispensable  segment  of oulinary
art which essentially add flavour,  colour and taste to
the  food  preparations.  The  farm  level  processing
operations are most important for value addition and
product diversification  of spices.  These  post-harvest
operations which lead to value addition include proper
harvesting,  washing,  threshing,  blanching,  drying,
cleaning, grading, storing and packaging. It is essential
that  these  operations  ensure  proper  conservation  of
the  basic  qualities  like  aroma,  flavour,  pungency,
colour,  etc.  Each  of these  operations  enhances  the
quality  of the  produce  and  the  value  of spice.    The
spices  discussed  here  are  black  pepper,  cairdamom,
turmeric, glnger, chillies, nutmeg, cinnamon and clove.
The clean raw material forms the basis for diversified
value added products.

Black  pepper

Pepper  /Piper  nt.g"rty  takes  about  180  to  230
days   after   flowering   to   reach   full   maturity.
Harvesting  is  generally  done  when  the  berries  are
fully  mature  and  few  starts  turning  from yellow to
red  in each  spike.  The  stage of maturity at harvest
varies  depending on  the  final value  added  product
to be prepared from pepper and is tabulated below:

Pepper products and the corresponding maturity stages

Product                   Maturity at harvest

VIllte pepper
Black pepper

Canned pepper
Dchydrated green
Pepper
Oleoresm

Pepper oil

Fuuy ripe
Fully mature and  1-2 bernes start
turning  from yellow to red in each spike
4-5 months
10-15 days before maturity

15-20 days before maturity

15-20 days before maturity

The  following  unit  operations  are  involved  in
making whole  dried  black pepper.

Threshing : The berries are separated from the
spike  usually  by  trampling  with   human   legs.
Mechanical  threshers  with  capacities varying  from
200  kg  h-i  to   1200  kg  h-I  are  available  which  can
thresh  quickly  and  provide  cleaner products.

Blancblng : The quality of the black pepper can
be  improved  by  a  simple  treatment  of dipping  the
mature berries taken  in perforated vessel in boiling
water  for a  minute  before  drying.  This  results  in  a
uniform  coloured  black  pepper  and  removes  the
extraneous  impurities on  the  berries.

I)rylng :  The berries are then spread on clean
dry  concrete  floor/bamboo  mats/  PVC  sheets  and
dried  in  the  sun  for  a  period  of  4  -  6  days.  The
moisture content is brought down from about 75 to
80 percent to 8-10 percent. The average dry recovery
varies  from  33-37  percent.

Cleaning/garbling  and  gi.adlng  :  During
threshing  and  drying,   extraneous  matters  like
broken spikes,  pinheads,  stones,  soil particles,  etc.
creep   into   the   produce.   These   impurities  are
removed  by winnowing the produce  manually or by
using  a  blower.     M.ultiple  sieve-cum-air  classified
type  of machine  whereby  the  impurities  are  easily
removed  is  used  for  grading  at  the  farmers  and
traders  level.

Packing and storage  : The graded produce  is
bulk  packed  separately  in  jute  bags,  multilayer
paper bags or woven  polypropylene bags.

Value added products of pe|)per : A variety of
products  have  been    made    from  pepper  and  are
classified  as   1)   Green  pepper  based  products
2)  Black pepper and  white  pepper  based  products,
and   3)  Pepper b.yproducts.



98 V.  A.  Parthasarathy  ef a/.

1)  Green  pepper based  products

Canned  green  pepper  in  brine,  bottled  green

pepper  in  brine,  bulk  packaged  green  pepper  in
brine, cured green pepper (without covering tissuesi,
frozen green pepper, freeze dried green pepper, semi-
dried  or  dehydrated  green  pepper,   green  pepper
pickle  in  oil/vinegar/brine,   green  pepper-mixed
pickle  in oil/vinegar/brine,  green pepper flavoured
products  and   green  pepper paste.

2)  BIack pepper and white pepper based  products

Black  pepper  powder,  white  pepper  powder,
white  pepper  whole,  pepper  oleoresin,   pepper  oil,
microencapsulated pepper, other products (such as
soluble pepper,  pepper pastc`),  and byproducts from

pepper  waste.

3)  Other products

Many  products,  in  which  pepper  is  a  major
ingredient,  have  been  developed,   such  as  lemon
pepper,  garlic  pepper,  sauces  and  marinades  that
have  pepper as the  main  component.

Spice mt*tt/res and blends.. C\]rry powders and spice
blends  for various  culinary  uses.

PepperflaLJotJred products.. Products such as pepper
mayonnaise,   pepper  cookies,   pepper  keropak,

pepper  tofu,  etc.

Pepper erdrcicts.. pepper candies, pepper perfumes, etc.

•      Whi.te  pepper..  White  pepper  is  prepared  by
removing  the  outer  skin  of the  harvested  ripe
berries.  For removing the  skin the  ripe  berries
are packed in gunny bags or steeped as such in
water  tanks  or  running  water  for  7-10  days.
Once  the  skin  is  softcncd  they  are  rubbed  by
hand or trampled to remove the outer skin. The
pin   heads   and   light  berries   that  float   aLre
separated. The  de§kinned  berries are sundried
and sold as white pepper. The recovery of white
pepper  varies  from   22-27  percent  of  green
Pepper.

•      Pepper o£!.. The characteristics aroma of pepper
is due to the presence of volatile oil which ranges
2-5 percent.  It is extracted by steam distillation
or  super  critical  extraction.

•      Pepper  o(eore§In..  It  is  the  concentrate  of all
the flavour components (aroma, taste, pungency
and related sensory factors).  It is extracted from
black  pepper  using   solvents   like   acetone,
ethylene  dichloride,  ethyl  acetate,  etc.

•      Pfperine..  Piperine  content  ranges  from  3-6

percent.   The   alkaloid   piperine   is  the  major

constituent  responsible  for  the  biting  taste  of
black  pepper.

Green  pepper  i rL  brine:  The  green  colour  is
maintained  under  high  salinity  of  steeping
liquid  by  maintaining  a  minimum  salt  level  of
12 percent. Addition of small percentage of citric
acid  will  prevent  the  discolouration  due  to

phenols.
•--   D®fe!/dratedgFeer-pqpperi  -lt i§  prepared  by

boiling  the  freshly  harvested  despiked  pepper
in  boiling  water  for  over   10  minutes  which
inactivates  the  blackening  enzymes.  It  is  then
treated  with   sulphur  dioxide  to  reduce  the
chances of darkening. The pepper is then dried
in  hot  air  oven  or  microwave  oven  to  prepare
dehydrated  green  pepper.

Cardamom

Cardamom  /Eleftcinci ccirdamomum/ plants take
about two years to bear capsules and takes about 3
months after flowering for fruit maturity. Harvesting
of cardamom  is taken  up  at a time when the  seeds
inside  the  capsules  have  become  black  in  colour.
The pericarp at this stage will still be green in colour.
Green  cardamom and  white cardamom  are  the  two
important products obtained from fresh cardamom.
The  post-harvest  operations  involved  in  the  value
addition of cardamom  are as follows:

Green  cardamom

Washing and azhazi treatment.. The harvested
capsules carry soil or dirt on their surface and hence
they are washed  thoroughly in water.  The capsules
are  then  treated  with  2  percent  sodium  carbonate
solution  for   10  minutes  which  enables  to  retain
green colour and  prevent mould  growth.

Dng/!ng: The colour of cardamom gets bleached
away   when   exposed   to   sunlight.   Therefore,
conventionally green cardamom is dried in flue type
kiln  or  electrical  drier.  The  cleaned  capsules  are
dried to reduce the moisture content from 80 percent
to  8-12  percent.

Garb!!ng; It is the process of removal of flower
stalk  from  the  dried  cardamom.   Traditionally this
is  achieved  by  rubbing  the  cardamom  capsules
against  coir  mat  or  wire  mesh  and  winnowed  to
remove   any   foreign   matter.    Hand   operated
mechanical  garbling  units  are  available  which
increases garbling  efficiency and  reduces  damage.

Gradlng..  The  partly  cleaned  cardamom  by
garbling  is  to  be  further  cleaned  to  remove  the
impurities   and   grade   them   according   to   size.
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Cleaning of cardamom by removing the discoloured
ones, split capsules and other impurities is done by
manual  methods.   Hand  operated  cleaner-cum-

grader  provided  with  suitable  sieves  can  be  used
for better grading of cardamom.

Packlng..    Cardamom  capsules  are  packed  in
jute  bags or wooden  containers  suitably lined  with
polythene  or craft  paper.

White  cardamom

Bleaching   is   the   important   post-harvest
operation   involved   in   the   production   of  white
cardamom.

B[each!ng:  Freshly  harvested  or  dry  capsules
of cardamom  can  be  used  as  starting  material  for
bleaching.   Sulphur  bleaching  of  dry  cardamom
capsules  is the  widely practised  method.

Turmeric

Turmeric  (CLtrczJrrici  Zorlga)  is  ready  for  harvest
in  about  7-9  months  depending  upon  the  variety,
when the  leaves of the  plant turn yellow and  starts
drying.

C[eanfng..  Harvested  turmeric  rhizomes  are
washed   in   water   to   remove   mud   and   other
extraneous  matter  adhering  to  them.   Only  good
fingers  are  separated  from  the  bulbs  and  used  for
further  processing.

Bod ling/curing.. Turmeric  rhizomes  are  boiled
in  pure  water  in  mild  steel  or galvanized  iron  pans
till the fingers become soft.  Generally,  it takes about
60-90  minutes  which  can  be  tested  by  piercing  a
wooden  needle.  The  needle  will  pass  through  the
fingers without much resistance. The cooked fingers
are  heaped  on  a  cleaned   drying  floor  and  left
undisturbed  for  4-5  hours.  Cooking  of turmeric  is
to  be done with in 2  or 3  days after harvest.  Boiling
helps  to  enhance  the  cc>lour  and  the  shelf  life  of
turmeric.

Drying: The cooked fingers are dried in the sun
by spreading in thin layer on a bamboo mat or clean
drying noor.  It takes  10  to  12  days for drying in the
sun.  When  fully  dried,  the  rhizomes  become  hard,
stiff and brittle. Dried turmeric usually has moisture
content of 6-8 percent. The yield of the dry product
varies  froml0-30  percent depending on  the variety
and  the  location  where  the  crop  is  grown.

Po[isht.ng..  Polishing  of  boiled  dried  turmeric
rhizomes  is  done  to  smoothen  the  rough  and  hard
outer  surface.   It  improves  the  colour  and   the
appearance  of the  dried  rhizomes.  Hand  polishing
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is done by mbbing the dried rhizomes against hard
clean surface  c)f the  drying floor.  This is followed by
winnowing to separate scales and root bases.  Power
operated  turmeric  polishers  provided  with  wooden
drum  is  used  for  polishing  especially  when  the
rhizomes have  to  be used  for powder making.

C!ean€ng  and gradi.ng..  Cleaning and  grading
is  generally  done  manually.

Pack€ng:  The  graded  turmeric  rhizomes  are
bulk    packed    separately    in   jute    or    woven

polypropylene  bags.

Value added  products  from  turmeric

lttrmer!c pow/der: Dried turmeric is powdered
to a fine  mesh-60  (250  u)  to be used  in various end

products.  Turmeric  rhizomes  contain  4-6  percent
of volatile  oil  and  there  is  a  great  chance  of losing
the  oil  when  powdered.  Hence  it  is  to  be  properly

packed  immediately after  powdering.
Ttirmerlc  oil..  Dried  rhizomes  and  leaves  are

used  industrially  to  extract  the  volatile  oil.   Dried
rhizomes  contain  5-6  percent  and  leaves  contain
about  1-I.5  percent  oil.  It  is generally  extracted  by
steam  distillation.   Super  critical  extraction  using
liquid  carbon  dioxide  is  a  relatively new  extraction
technique  for  extracting volatile  oil  and  oleore§in.

Turmerlc oleores!n.. Turmeric rhizomes contain
about 7-14 percent oleoresin. This can be extracted
using  organic  solvents  such  as  acetone,  a.rcohol,
ethyl  acetate,   etc.   The  major  compound  in  the
oleorcsin  is  the  colouring  principle  curcumin.  It  is
used   in  food   preparation   and   pharmaceutical
products.

Cttrcttm!n:  The  major  colouring  principle  of
turmeric  is  curcumin.  The  curcumin  content  in
turmeric  varieties  varies  from  3-9  percent.  It  is  a
mixture  of  three  pigments,  curcumin,  demethoxy
curcumin   and   bis-demethoxy  curcumin.   It  is

preferred  in  the  food  and  pharmaceutical  industry
as a natural  colourant.

Ginger

Ginger /ZI.ngt.ber o/fct.arm!e) is used both as a fresh
vegetable  and  as  a  dried  spice.  The  crop  is  ready  for
harvest  in  about  8  months  after  planting  when  the
leaves turn yellow and start drying up gradually. The
clumps  aLre  lifted  carefully with  spade  or digging fork
and  the  rhizomes  are  separated  from  the  dried  up
leaves,  roots  and  adhering  soil.  Harvesting  is  to  be
done from the 6th month onwards when used as green
ginger.  The  various  post-harvest  operations  involved
in  obtaining clean  dried  ginger are:
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Washing..  It  isidone  to   remove   dirt,   spray
resldues and other foreign materials. In this process
ginger  is  soaked  in  still  water  for  about  six  hours
and  then  used  for  peeling.

Pee!!ng.. Peeling hastens  the  process of drying
and  maintains the epidermal  cells of the  rhizomes,
which contain essential oil responsible for aroma of

ginger.   Indigenously,   peeling   is   performed   by
rubbing the ginger pawns soaked in water for about
six  hours  against  jute  bags  or  by  scraping  with
sharpened bamboo splinters. The scrapped or peeled
rhizomes are  again washed well and  put for drying
on  clean drying yard.

Drty!ng..    The  cleaned  and  peeled  ginger  with
moisture content of about 60 percent is spread thinly
under sun and the moisture content is brought down
to  10  to  12  percent or even  less  for  safe  storage.   It
takes  about   10  -15  days  for  complete  drying.  The
dry   ginger  so   obtained   is   known   as   rough   or
unbleached  ginger.  The yield  of dry  ginger is  19-25

percent of fresh ginger depending on the variety and
the  location  where  it  is  grown.

Grading..  The   dried   ginger   rhizomes   are
manually graded based on the external appearance.

PacJcfng  ..  The  graded  ginger  is  bulk  packed
separately in jute or woven  polypropylene bags.

Value  added  products from  ginger
'G!riger poutder .. Dried ginger is powdered to a

fine   mesh-60   (250  u)   to  be  used   in  various  end

products.

Bleached  dng  ginger..  The  peeled  ginger  is
soaked  in  thick  limewat€r  for  some  time  and  it  is
then  fumigated  with  sulphur  fumes  and  sundried
for  a day.  The  process  is  repeated  once  or twice  to
obtain  a  fully  bleached  white  produce  which  i§
thoroughly  dried  and  stored.

Salted ginger.. Fresh ginger (with relatively low
fibre)  harvested  at  170  -180 days after planting can
be used for preparing salted ginger. Tender rhizomes
with portion of the pseudostem is washed thoroughly
and  soaked  in  30  %  salt  solution  containing  1  %
citric acid. After  14 days it is ready for use and can
be  stored under refrigeration.

C"de/ibrc.. In fully matured ginger crude fibre
varies from 3-8 percent.  It is estimated by acid and
alkali  digestion  of  ginger  powder  and  whatever
remains  is  considered  as  fibre.

Ginger o!Z.' Dry  ginger on distillation yields  1.5
to  2.5  percent  volatile  oil.  The  main  constituent  in
the oil is zingiberene and  contributes to the aroma
of the  oil.

Ginger o!eoresin.. Dry ginger powder on treating
with  organic  solvents  like  acetone,  alcohol,  ethyl
acetate, etc. yields a viscous mass that attribute the
total  taste  and  smell  of the  spice.  The  major  non-
volatile   principle   in   oleoresin   is   gingerol.   The
oleoresin  content  varies  from  4  -10  percent.

Others..  Sweet  and   salty   products  can  be
prepared from fresh ginger like ginger candy, ginger
paste,  salted  ginger,  crystallized  ginger,  etc.

Chillies

Chilli   (Capsi.cttm  annum/  is  the  most  widely
cultivated  crop  among  the  spices  grown  in  India.
Chillies  are  harvested  when  the  pods  are  well
ripened and  partially withered  at the plant itself.  At
this  stage  they would  have  superior pungency  and
colour.   Paprika  is  defined  as  a ground  red  powder
derived  from  dried  fruits  with  desirable  colour  and
flavour  qualities.

The  harvested  pods  are  kept  in  heaps  either
indoor or in  shade  away  from direct sunlight for 2-
3   days   so   as   to   develop   uniform   red   colour.
Subsequent  to  this  the  pods  are  dried  under  the
sun  by  spreading  them  out  on  clean,  dry  mat,
cemented or concrete surface. The harvested chillies
in  ripe  condition  have  moisture  content  of  70-80
percent and  need  to  be  dried  for  13-15  days  for the
reduction of moisture  to a safe moisture content of
10  percent and  then  stored.

In mechanical drying, the chillies are dried at a
drying  temperature  of  50°C  and  at  air  velocity  of
1.5 ms-I .   Solar cabinet driers and waste fired driers
are  also  developed  for drying of chillics.

Packing of dry chillies is done using jute cloth,

paper or paper cartons with polythene lining of 300
gauges.

Value  added  products  from  chillies

Chillgpou/der.. Dried Chillies are ground to fine
powder to be used  for various preparations.

Ch!l!g  o!coresin..  Extracted  from  dry  powder
using organic  solvents.

Nutmeg  and  Mace

Nutmeg  and  mace  are  two  different  spices
obtained from nutmeg,  Myn.sticafagrous. The fruits
are  harvested  when  they  split  open  on  ripening.
Cleaning and drying are the important post-harvest
operations  involved.

Drg€ng.. The  unshelled  nutmeg  is  dried  in  the
shade  or  under  sun.  The  seed  cover  is  removed
mechanically  or  manually.   It  is  dried  to  a  safe
moisture  content of  10  percent.
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The  detached  mace  is  dried  in  sunlight  or  hot
air  oven which  retains  the  colour  of mace.

Products  from  nutmeg

JVIltmegpo"der.. Dried nutmeg is ground to rine
powder  to  be  used  in  various  end  products.

Jvtitmeg  oil:  The  essential  oil  from  nutmeg  is
steam  distilled  and  the  oil  percentage  varies  from
5-15  percent.

Nutmeg   o!eoresin..   Nutmeg   oleoresin   is
obtained   by  solvent  extraction  of  spices  which
contain  butter  also.   Yield  may  vary  from  20-30%.

Jvt[tmegs  butter..  The  fixed  oil  of  nutmeg  is
known as nutmeg butter.  Nutmeg contains 25 to 40

percent  fixed  oil.

Mace o!eoresln.. When extracted with petroleum
ether  mace  yields  27  to  32  percent  oleoresin  and
contains  8.5  to  22  percent volatile  oil.

Mace  o!!..  It  is  obtained  by  steam  distillation  of
dried aril and yields 4-17  percent oil.  It is a clear red
or amber dark red liquid with characteristic odour and
navour.  Mace  oil  is  more expensive  than  nutmeg oil.

Cinnamon

Cir\na.mom   (Cinr.amomum   zeylanicum)   is
obtained by drying the central part of the bark after
the second or third year of planting.  It is harvested
from  the  branches  whic`h  have  attained  greenish
brown  colour  indicative  of maturity  and  when  the
bark  peels  of  easily.  The  shoots  are  cut  for  bark
extraction.    Following   are   the   stages   in   the

production  of quills:
Peeling.. The  rough  outer  bark  is  first  scraped

off with a special knife. Then the scraped portion is

polished  with  a brass  rod  tu  facilitate  easy  peeling.
A  longitudinal  slit  is  made  from  one  end  to  other
and  the  bark  is  peeled  off.

Ro!!Ing..  The  barks  are  packed  together  and
placed  one  above  the  other  and  pressed  well.  The
bark slips are reduced to 20 cm length and are piled
up  in  small  enclosures  made  by  sticks.  Then  they
are  covered  with  dry  leaves  or  mat  to  preserve  the
moisture  for  the  next  day's  operation  and  also  to
enhance  slight  fermentation.

Pipfng: Rolled slips are taken to the piping yard
for piping  operations.  The  outer  skin  is  sera.ped  off
with  a  small  curved  knife.  The  scraped  slips  are
sorted  into different grades  according to thickness.
The  graded  slips  are  trimmed,  ends  are  cut  and
pressed  over  pipes.  Slips  are  rolled  into  pipes  and
soon  after  they  are  allowed  to  dry.  During  drying,
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smaller  quills  are  Inserted  into  the  bigger  ones,
forming  smooth  and  pale  brown  compound  quills,
which are known as pipes.  The  quills  are  arranged
in  parallel  lines  in  the  shade  for  drying,  as  direct
exposure  to  the  sun  at  this  stage  would  result  in
warping. The dried quills,  thus obtained,  consist of
a mixture of coarse and fine types and are yellowish
brown   in  colour.   The   quills   are   bleached,   if
necessary, by sulphur treatment for about 8 hours.

The  process  of  producing  quills  has  several
byproducts,  which  are used  in  further processing:

Qltl![!ngs: These are broken pieces of quills used
mainly for grinding but also for distillation of oil.  The

pieces vary cctnsiderably in  size,  being about  5  to  15
or 20 cm in length and about  10-25 mm in diameter.

Feather!ng.. These are short shavings and small
pieces of leftovers in the processing of the inner bark
into quills. Collectively, featherings present a shade
darker  colour  than  the  quills  and  a  shade  lighter
than  the  chips.

Chips.. These  are  small  pieces  of bark,  grayish
brown on the outer side and a lighter brown on the
inside.  They  are  deficient  in  both  aroma  and  taste
and are not to be compared to the quills for flavour.

Products from  cinnamon

Cinnamon bark o![.. It is essentially extracted
by  the  steam  distillation  of  cinnamon  and  the  oil

percentage varies from 0.5 to 2.5 percent. The main
constituent of this oil is cinnamaldehyde upto to 65

percent.

C!nnamon o[eoresin: The  dry cinnamon  bark
powder  on  treating  with  solvents  like  acetone,
alcohol and ethyl acetate yields a viscous mass that
attributes to the total taste and aroma of cinnamon.
The oleoresin  content varies from  7-10  percent.

clove
Clove  is  the  small,  reddish  brown  unopened

flower  bud  of the  tropical evergreen  tree  Sgzggi'um
aromat{cttm.   Flowering  begins  after  fifth  year  of

planting. Harvesting i§ done before the nowers start
opening while  the  tip  is  fully  developed  and  round
in shape. The buds are hand picked and the length
varies from  13 to  19 mm. The clove is sundried and
is used  as such or in the powdered form.

Products from  clove

Cloue  o!!..  Clove  contailis   14   to   20   perceiit
essential  oil,  the  principal  component  of which  is
the aromatic  oil  eugenol extracted  by distillation.
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Future prospects of value addition in spices

The  major  hindrance  in  value  addition  is  the
seasonal  nature  of  the  crop.    Fresh  black  pepper
and  raw  ginger  are  available  only  during  some
months in a year.  This affects the marketing of the
produce.  There is also a great demand for diversified
value added products from spices. Some of the areas
which  require  further attention  are:

Drglng;  The   practice   of  drying  in   clean
environment  to  the  required  optimum  moisture
content is the most  important operation  for all  the
spices.  The  problem  of  aflatoxin  contamination  is

most  commonly  reported  from  chillies  followed  by
nutmeg  exported  from  India.  This  problem  is  also
reported  to  a lesser extent in  other spices.   Hence,
there  is  a  need  for  good  artificial  drying system  at
farm   level   to   dry   the   produce   even   during
unfavourable  seasons  to  get quality produce.

Packagfng  arLd  Storage..  Spices  are  highly
hygroscopic products and hence easily gain moisture
form  the  atmosphere.  It  is  thus  essential  to  pack
the dried produce in suitable packaging material and
store in  proper leak proof structure.



|J.  Jnc!l.art Soc.  Coczsta! agrl.c,  Res.,  24(I),103-106,  2006 Invited  Paper

Future  Research  Strategies  in  Horticultural  and Plantation  Crops
in the  Background of Research Achievements  under NATP
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Coastal  ecosystem   comprising  at  coastal   plains  with  rich  tropical   rain  foi®sts  to  coastal
mangroves  and  a  wide  range  of crops,  climatic  conditions,  diffor®nt  soils  and water bodies  is
important  in terms  of economics  and  ecology of our country.  It spans  over a  length  of 8129 sq
kin covering 9 States and 2  Island ecosystems.  However, this system laces a  host of problems
ranging from water stagnation,  drought, to soil sallnity.  Increased agricultural  productivity and
profitability  especially  in  resource  poor areas  are  crucial  to  achieving  the  national  objectives
for higher growth  rate.  Coping with the great diversity of agroecological settings and  producers
across  the  subcontinent  calls  for  a  decentralized  approach.   Thus,   National  Agricultural
Technology Project having the structural and functional  roarrangem®nt to bring in the improved
management and  organizational changes and promote efticioncy in public sector research came
into  operation  since  1999.

The Agro  Ecosystem  Directorate for the  coastal  region  under NATP facilitatod  the  operation  of
the Production System  Research involving 38 projects under multi-institutional and discipllnary
mode.  The  PSR  projects  could  generate an  all.ay  of appropriate  production and value addition
technologies   on   plantation   and   horticultural   crops   creating   impacts   on   productivity,
socioeconomics  and environment.  Taking  the  experience and  lessons  from  NATP,  the focus of
the  second  phase  of  NATP's  Mission  was  "Developmont  of  sustainable  farming  systems  for
I.ural   livelihood  security  and  environmental   integrity  by  efficient  use  of  resources  through
development  and   application   of  new  technologles   including  value   cliain   and   improved
governanco'..  The  priority  areas  of this  phase  are  also  descrlbed  in  this  paper.

(`Keg.  u).ords  :  Lou:  pr?ducttuity, _Liue!ihood  security,  National  Agncultural  Technology  Project,
Productton onerLted techrrologtes,  Post-harvest tec:hnologies & ualu= addition)

The  coastal  agroecosystem  is  very  important
among the different agroecosystems of our country
both  economically  and  environmentally.  It  spans
over a length of 8129 sq kin covering 9 States and 2
Island  ecosystems.  Agriculture  and  allied  activities
constitute  the  single  largest  component  of  lndia's
economy, contributing nearly 27% of the total Gross
Domestic   Product  (GDP)   in   the  year   1999-2000

(TERI.   2002).   Agriculture  exports  accounts  for   13
to   180/o   of  total  annual   exports   of  the   country

(Ministry of Finance.  2002).  However, given that 62%
of  the  cropped  area  is  still  dependent  on  ralnfall

(MOEF.   2002),   Indian  agriculture  continues  to  be
fundamentally  dependent  on  the  weather.  Coastal
agricultural  region  comprises  of hinterland,  which
has  a  varied  geometric  and  topographical  features
of  mountains   valleys,   coastal   plains,   rlverine
systems,   climatic  conditions,   different  soils  and
water bodies,  vegetations ranging from rich tropical
rain  forests to coastal  mangroves and  a wide range
of crops that are cultivated  ln  this region.  It is most
diverse and highly productive zone. The vast deltaic
region  of the  east  coast  forms  the  rice  bowl  of the
country.  Agriculture,  horticulture,  agroforestry and

silviculture  are  the  various  activities  practised  in
this  ecosystem.  The  agroclimatic  conditions  of the
coastal zones are congenial for growing various field
and   horticultural   crops.   The   region   occupies
commendable position in the export of horticultural
produce,  spices  and  marine  products.  It  supports
the   livelihood   of  twenty   million   people   whose
socioeconomic conditions are very much dependent
on  the  system.

India  has  a vast  potential  for  marine  fisheries
development. The tropical seas around India abound
in rich natural fishery resources account for annual
haul of 2.8 million tonnes against potential of about
3.9  million  tonnes.  The  base  of this marine  fishing
industry has been  assiduously built-up over  half a
century  and  consists  of  2  million  fishermen  living
in  2000  fishing  villages  catching  fish  with  about
180000  artisan  crafts.

Problems  and  prospects

The  coastal  areas  suffer  both  in  monsoon  and
post-monsoon  seasons.  In  monsoon season,  excess
rainwater,  prolonged  water  stagnation,  high  water
table,  high humidity,  impeded drainage and  loss of
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nutrients  are  some  of  the  common  unfavorable
factors.  In  the  post-monsoon  season,  high  salinity
of soil and  ground  water and  also  scarcity of fresh
water  limit  crop  productivity.  The  production  is
further constrained  by the  extensive  occurrence  of
problem  soils  such  as saline  soils,  clayey soils and
eroded  soils,  pest  and  disease  problems,  etc.  Over
and  above  this,  natural  calamities  like  cyclones,
currents  and  tides  are  common  features  of  these
areas. The present productivity level of the livestock
in  the  coastal  regions  is  poor  mainly  due  to  poor
genetic  base  and  lack  of  management  practices.
Coastal  agriculture  in  lowlying  areas  consists  of
primarily rice, pulses as rice fallows and sugarcane
as  rc>tational crops.  Horticulture  primarily consists
of I)lantation  crops  like  coconut,  arecanut,  cocoa,
spices  like  black  pepper,  ginger,   turmeric,  clove,
nutmeg,  and  fruit  crops  like  mango,  banana,  pine
apple,  guava,  etc.  Tuber  crops  like  tapioca,  sweet

potato and elephant foot yam are also grown to some
extent. Appropriate crop management practices and
cropping system aiming at optimum use of land and
water  resources  will  go  a  long  way  in  increasing

productic)n and rural economy. The plantation crops
are    having    greater    potential    for    product
diversirication, value addition and export earning and
provide  raw  materials   for  various  agro-based
industries.  The  harvesting  and  post-harvesting
technologies  of these  crops would  play  major role  in
boosting  this  sector  of  enterprises.   Similarly,  a
challenge exists in overcoming problems related to high
salinity of soil  and  ground  water.  With an  estimated
1.2 million ha of brackishwater area available, coastal
aquaculture is emerging as a major production activity.
Apart from  this,  ponds,  lakes  tanks  and  rivers  offer
scope for inland risheries.  But production from these
sources is hardly 45-50% of the potential.

National  agricultural  technology  project

Despite the liberalization of the Indian economy,
continued growth in the agricultural sector remains
crucial for broader national development. Increased
agricultural  productivity  and  profitably,  especially
in resource poor areas, are also crucial to achieving
the  national  objectives  for  rural  poverty alleviation
and  the  welfare  of  those  living  in  rural  areas,
particularly women and other disadvantaged groups.
All   these   needs  will   have   to   be   met  through
intensified  demands  on  the  natural resource base.

But while  the  green  revolution  technology was
the  cornerstone  of  past  success,   demands  for
agricultural  technology  are   now  changing  and
diversifying.  Factor  productivity  growth  in  lndia's

green revolution  areas does not match with  that of
some  East  Asian  countries  and  may  be  declining;
new  approaches,   for  instance  involving  frontier
sciences such as biotechnology as well as production
systems approaches to break the yield plateau,  are
needed  for  these  well  endowed  areas.  At  the  same
time,  India  must,  both  for  economic  and  social
reasons,  invest  more  in  technology  for  less  well
endowed areas, particularly the rain fed lands which
comprise of 63 percent of Its cultivated area. And in
all areas, as agriculture intensifies, greater attention
is needed to ensure sustainability and containment of
potentially  adverse  impacts  on  the  natural  resource
base  and  environments.  (Kaul and  Mittal,  1998).

These  trends  have  set  a  new  agenda  for  the
generation,   assessment  and  dissemination  of
agricultural  technology.   Coping  with  the  great
diversity  of agro-ecological  settings  and  producers
across  the  subcontinent  calls  for  a  decentralized
approach.  It should  focus on individual production
systems  and  integrate  the  contributions of frontier
sciences as well as conventional disciplines coupled
with   indigenous   knowledge   for   augmenting

productivity, stability and sustainability. In contrast
to  the  blanket  green  revolution  recommendations
appropriate  to  the  needs  of  the  past,  the  new
technologies   will   increasingly   have   to   be   in

participatory mode not only in setting the technical
agenda,  but also  inviting contribution  of their own
ideas  in  assessing  and  disseminating  the  results.
For   realization   of  agricultural   research   and
developmental  goals  on  a  long  term  basis,   it  is
essential to augment the productivity as well as use
the  natural  resources  more  judiciously.  Although
the   country  could   be   broadly  delineated   Into
irrigated  and  rain fed  ecologies  for  providing  the
required  focus  on  the  area  specific  developmental
needs  of  regions  bypassed  by  green  revolution
technologies, research and technology dissemination
were  to  be  supported  in  the  following  five  agro-
ecosystems,  viz.   Irrigated,   Coastal,  Arid,   Rain fed,
and  Hill  &  mountainous.

All  these  call  for  an  integrated  production
systemwise  research  management  strategy,  based
on the technologies developed, to Improve the overall

productivity of the systems, thereby augmenting the
quality  of  life  of  the  people.  For  achieving  this  in
coastal production system, NATP projects have been
sanctioned  in  PSR  mode  with  an  overall  financial
outlay of 34.7 crores sanctioned under Coastal Agro-
ecosystem  Directorate.  Thirty-nine  projects  have
been  approved  under  this  Directorate.
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Future  strategies  in  the   light  of  NATP   phase   I
experience

The focus of the  second  phase of NATP's Mission
is  "Development  of Sustainable  farming  systems  for
rural  livelihood  secunty and  environmental  integrity
by efricient use of resources through development and
applicatlon of new technologles Including value chain
and  improved  governance" which would  facilitate in:

1.      Consolidating  the  gains  of  past  research  and
strengthening infrastructure  for  frontier science
and priority research themes.  Ecoregion-speciric
research  would  be  encouraged  for  the  various
agroecosystems.  Support  for  frontline  extension
or TAR would  encourage  on-farm  assessment of
technologies in partnership with farmers

2.      Upscaling    of   Technologies,    research    for
disadvantaged groups like rural women and tribal
population,  and  partnership  with  the  private
sector for commercialization  c>f technologies

3.     Encouraging  project  and  need-based  human
capital  development with greater  collaboration
with  international research  organizations

4.     Strengthening social science and policy research
capacity in the  NARS

5.      Stepping up support for blotechnology programs
so that the gains reach ultimate beneficiary with
due risk assessment

6.     Processes,    product    diversification    and
specialized  product development

To achieve the above objective, Priority Research
Themes involving plantation and horticultural crops
in coastal ecosystem  could  be:

1.     Agricultural   biotechnology   to   address   the
agricultural development objectives

2.     High-tech  and   peri-urban  agriculture,   and
precision  farming

3.      Post-harvest  technology  and  value  addition

4.      IPM,  lNM,  sustainable use  of natural resources
through  resource  conservation  technologles,
organic farmlng, rural energy management and
management of agricultural wastes

5.     Agncultural commercialization and diversirication,

post-harvestmanagementofagriculturalproduct
and value addition

6.     Health  and   nutrition  of  livestock  and   fish
environment-friendly  production  systems

7.     Farm mechanization with priorities based on views
of  the  farming  communities.  For  this,  project
funding to private sector and Indian institutes of
Technology  (IITS)  will  also  be  considered

8.      Development  of new  production  systems,  crop
and  resource  management practices,  and  pest
management  practices

9.     Strengthening  agricultural  economics,  rural
sociology  and  policy  research  for  increasing
competitiveness  of  the  agriculture,  maintain
technology   flow,   protection   of  Intellectual

property,  mmimize trade,  market,  institutional
and  other  policy reforms,  etc.

10.   Database     on     international     marketing
opportunities  and  intelligence

11.   Increasing use of Information and communication
technologies  for  human  capital  development
through distance learning, research management,
research    partnership,    dissemination    of
technologies,   documentation  and  sharing  of
indigenous traditional knowledge, assessment of
research needs of farmers and other clients,  etc.

12.   Participation  of prlvate  sector in  establishment
of technology parks,  and  ensuring  supply
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Enrichment  of Soil  Fertility  Status  through  Biological Nitrogen
Fixation with  Reference  to  Problem  Soils  in  Coastal Ecosystem

GEORGE  V.  THOMAS,  C.  PALANISWAMY,  ALKA  GUPTA  and  lvIURALI  GOPAL

Division  of  Crop  Production,  Central  Plantation  Crops  Research  Institute
Kasaragod  -671124,  Kerala

Tlie  agricultural  production  in  coastal  ecosystem  in  the  west  and  east  coast  of the  country  js
beset with  problems sLich  as  soil  acidity,  alkalinity,  water inundation,  and  Al,  Fe and  lvln toxicity.
Biological  nitrogen fixation (BNF) technologies based on bioresource management are important
for management of these problem soils.  Efficient N2 fixing systems with diverse group of bacteria
and  algae  possessing  various  dogreos  of  tolerance  to  stress  conditions  have  been  reported
from  problem  soils.  Symbiotic system formed by legume -rhizobium association not only fixes
significant  qLiantities  of  N2  but  also  enriches  soil  fertility  by  promoting  beneficial  microflora,
enzyme  activities,  mineralisation  ot  carbon  and  increasing  the  content  of  major  nutrients  in
problem soils.  Coastal  sand dune (CSD)  legumes  have  been  reported to be a source of efficient
rhizobial strains with  high  degree of toloranco to environmental  stress and symbiotic efficiency
on cultivated edible and forage legumes. Coconut root system and rhizosphere soil  in the acidic
coastal  ecosystem  formed  a  favourable  habitat  for  a   number  of  diazotrophic  bacteria  with
multitunctional  properties. Acid tolerant and salt tolerant azospirillum strains have been isolated
and  their  efficacy   to  enhance   crop  growth   and  yield   under  stress   conditions  have   been
demonstrated.   Cyanobacterial  application   has  been  reported  to   be  effective  to  bring  about
reduction  in  pH and  exchangeable sodium and  is recommended for reclamation  of salt affected
soils.  Biological  strategies  based  on  BNF  technologies  offer  an  economical  and  ecofriendly
way to manage problem soils and to support agricultural  production  in a sustainah:e way in the
coastal  ecosystem.

(Key  ulords:.  Biologieal  mtrogen fixation,  Problem  soils,  Sotl  ferttlity,  Rhizobium,  Azospinllum,
Cyarrobacteria)

The  agriculture  in  coastal  ecosystem  suffers
from  a  host  of  problems   (Yadav,   2004).  The  salt
affected soils occupy extensive area in the east and
west  coast  regions  and  include  saline,  sodic  acid,
sulphate,  marshy  and  waterlogged  lowlying  areas.
Soil  acidity  and  salinity  hampers  crop  production
in the coastal ecosystem to a great extent. The soils
in  the  west  coast  consists  of  laterites,  clay  loam,
gravelly clay, sandy loam and coastal sand. The soils
in the east coast belong to red loam, red sandy loam,
sandy clay and black group. The acid sulphate soils
which  are  highly  acidic  with  high  toxic  elements
occur  in  the  lowlying  areas  of Kerala,  Sundarbans
of west Bengal,  and Andaman and Nicobar Islands.

Acidic  soil

Out  of  a  total  of  157  million  ha  of  cultivable
area  in  the  country,  49  million  ha  are  acidic  in
nature  (Das,1996).  The  area  occurs  in  the  tropical
belt  under  humid  and  subhumid  conditions.  The
problems  encountered   in  acid   soils  include  the
acidity of the environment and the chemical changes
in  the  soil  caused  by  high  acidity.  The  elemental
composition  of  acidic  soils  are  conspicuous  with
large  amounts  of  aluminium  and  also  iron  and
manganese.    Decrease   in   the   availability   of

phosphorus  and  molybdenum  and  lack of calcium
are  also encountered  in  acid  soils.  The  problems  in
acid   soil   mostly   result   from   aluminium   and
manganese  toxicity.

Saline and sodic  soils

Soils  having  accumulation  of  salts  in  topsoils
with electrical conductivity greater than 4 dsm-i  is
classified  as  saline  soils.  The  area  is  found  under
hot  and   arid   conditions.   Sodic   soils  have   high
concentration  of sodium  which  interfere  with plant

growth,  but  may  or  may  not  be  saline.  The  pH  of
saline  and  sodic   soils  is  usually  above  8.5.  The
nutrient  deficiencies  encountered  in  such  soils
include  reduced  availability  of  phosphorus,  iron,
zinc,  manganese  and  boron  for  plant  growth.  The

problems of water availability are also common due
to  osmotic  potential  of soil.

Biological  nitrogen  fixation  (BNF)

Nitrogen is one of the key elemerits.limiting the

growth  and  productivity  of  crops.  The  industrial
production  of  nitrogenous  fertilizers  is  by  Haber-
Bosch  process  where  nitrogen  and  hydrogen  are
combined  at  high  temperature  (400  -  500°C)  and

pressure  (200  -  1000  atm),  which  consumes  large
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quantities  of  fossil  fuels.  The  increasing  cost  and
diminishing   supply   of  fossil   fuel   result  in   the
escalation   of  prices  of  nitrogen   fertilizers.   The
concern  on  the  use  of non-renewable  fossil  energy
sources  and  the  detrimental  effect  of  chemical
fertilizers  on  soil  health have  been the  driving force
for  the  impetus  given  to  biological  nitrogen  fixation

(BNF)   as   an   alternate   source   of  nitrogen   for
sustainable  crop  production.  On  global  scale,  BNF

provides  the  largest  input  of  N   to  soil,  which  is
estimated  to be  175 million  tonnes annually  (Burns
and Hardy,1975). The industrial fixation of nitrogen
is  only  80  million  tonnes.  The  research  efforts  over
several decades revealed that there is immense scope
to   utilize   BNF   to   complement   and   eventually
substitute   mineral   fertilizers   in   agricultural

production  system.

BNF  systems  in  problem  soils

The process of biological nitrogen fixation offers
an  economically  attractive and  ecologically  sound
means  of  reducing  external  nitrogen  input  and
improving  the  quality  and   quantity  of  internal
resources.  The  strategy  for  improving  agricultural

production in problem soils should include measures
to  augment  BNF  to  the  benefit  of crop  growth  and
productivity.  The  problem  soils  have  diverse  group
of  beneficial  diazotrophic  microorganisms  which
form different types of associations with crop plants.
The  diazotrophs  encountered  in  the  problem  soils
are  free  living,   associative  symbiotic  and  obligate
symbiotic  types.

Legume -Rhizobium  symbiosis  in  acid  soils

The  symbiotic  association  formed  by  the  root
nodule  bacteria  with  legumes  is  the  most  efficient
system  which   contributes   large   quantities   of
biologically  fixed  nitrogen  to  the  crop  production
systems. Leguminous green manure crops have been
tested  for  their  suitability  to  grow  in  the  basins  of
coconut  palms   in  acidic   soils.   Among  the  nine
species  of  green  manure  legumes  tested,  Puercina

phaseoloides,  Mmosa  invisa  and  Calopogohium
muct/rio].des have been established well and generate

green  biomass  to  the  extent  of  19.43,   17.00  and
14.71   kg  per  basin,  respectively  during  a  growth

period of 4 months during rainy season. The nitrogen
contributions   from   these   legumes   are   102.61,
153.19   and   121.29   g   N   per   basin,   respectively

(Thomas   and   Shantaram,    1984).   Another   trial
conducted  in  acidic  laterite  soil  type  also  revealed
the  suitability  of  the  above  mentioned  legumes  for
basin  management  of  coconut.   But  the  biomass

production was higher with a contribution of 28.45,
24.97  and  27.21   kg  per  basin  by  P.  phc{seoJo{'des,
M.  i'nLJisci  and  C.  mttcunot.des,  respectively  (Thomas
and     Shantaram,     1993).     Later    studies    by
Maheswarappa  et aJ.  (2003)  revealed  the  suitability
of  cowpea   (VI.grlcz   wrigttt.cuzafa)   to   generate   large

quantity of organic  manure  in  the  coconut basins.
Growing  of  the   legume,   G!9rl.ci'c![.a  sept.urn  as

alley  crop  in  cocoTlut  garden  was  found  to  be
advantageous  to  generate  large  quantities of green
manure  for  application  to  coconut.  Three  rows  of
Glgn.ct.c!].a in between two rows of coconut palms with
three  prunings  per  year  (February,  June  and
October)  resulted  in  higher  bioma§s  yield  of  7970
kg  ha-I  (Subramaniam  ef aJ.,  2000).

Coastal sand dune legume -rhjzobium association

Coastal  sand  dunes  are  subjected  to  a  variety
of environmental  perturbations  such  as  salt  spray
high  temperature,  alkaline  pH  values,  low  level  of
nutrients, sand erosion and sand accretion.  Several
legume  species  were  found  to  enrich  the  dune  in
the  west  coast  of India  through  biological  nitrogen
fixation and these legumes were found to be tolerant
to  adverse  soil  and  environmental  conditions  such
as  high  temperature,  high  salinity and  alkaline  pH

(Sridhar  et al.,  2005).  The  most common  dune  wild
legumes  were   Canaualia  callthartica  Thoua`rs,
Canaualia maritima Thouars,  Crotalana retusa L. ,
Crotalaria  uerrucosa  L.  and   Derris  tnfoorum  D.C.
These   legumes   were   functionally  diverse   and
versatile   in   nutrient  resource  utilization.   They
exhibited  stress tolerance  (eg temperature,  salinity,

pH),  wide  sole  -  carbon-source  utilization  pattern,
phosphate  solublisation,  nodulation  and  nitrogen
fixation. These rhizobial isolates showed higher level
of  symbiotic  efficiency  in  cultivated  legumes  such
as  cowpea  ( Vt.gna  ungtt{ctJ!afci),   green  gram  ( VIgrtci
racit.a{a),  black  gram  ( Vt.gnci "/ngo)  and  horse  gram

(Mcicrofg!oma uni#o"m/  (Arun  and  Sridhar,  2004).
The  CSD  legumes  were  thus  found  to  be  source  of
efficient   rhizobial   strains   with   high   degree   of
tolerance  to  environmental  stresses  and  symbiotic
efficiency  on  cultivated  edible  and  forage  legumes.

Azo//a -Ar)abaena azo//ae symbiotic system

Atmospheric  nitrogen  fixed  by   cizozza,  a  free
floating water  fern  in  association  with  cyanobiont,
anabciena  azo!!ae,  is  a  potential  source  of organic
nitrogen in rice cultivation under lowland conditions.
The  azoJ!a - anabaericz  symbiotic  system  has  been
reported to contribute  15-25 tonnes of biomass from
an initial inoculum of 200 kg ha-I  in a short duration
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of 20-30  days  (Kannaiyan,   1993).  The  contribution
of nitrogen  has  been  estimated  to  be  40-60  kg per
ha,  besides the addition of organic manure,  and 8.9
to  26.6%  increase  in  grain  yield  of rice,  as  revealed
in  a study in farmers  holding in  rice  growing areas
of Tamil  Nadu  (Kannaiyan  ef  ci/.,  2001).

Associative symbiotic\asymbiotic  systems

Coconut  roots  and   soils  under  the   coastal
agroecosystem were found to t)e an ideal habitat for
a range of diazotrophic bacteria with multifunctional

properties.   Recent  studies  using  semi-solid  media
revealed  the  occurrence  of  diazotrophs,  such  as
Azospirillum  lipoferum,  AzospiTillum  brastlense,
Azospirillum      amazonence,       IIerbaspirillum
frisingense,   Burkholderia  sp.,   Azoarcus   sp.,
Arthrobacter sp` , Bacillus sp. ,  Pseudomonas sp . , a`nd
Xanthobc{c{er  sp.   (Prabhu   and   Thomas,   1998,
Thomas and  Prabhu,  2003). Acidophilic Beijen.ncJc]`a
spp.  was  found  to  be  the  most conspicuous aerobic
nitrogen fixer in coconut so`ils. Two subspecies were
consistently isolated,  viz.  8.  I.ridz.ccz subspecies inc!ica
and   Be[jer[`ricki.ci  !'ndtca   subsp.    /clct[.cogenes.   The
occurrence  of  Beijermcfeta  in  higher  numbers  in
coconut rhizosphere and  rhi7,oplane indicated close
association  of these  bacteria  with  the  palm.  They
were multifunctional with the properties of nitrogen
fixation,  production  of copious  amounts  or gummy

polysaccharides   and   plant   growth   promotion
properties as evidenccd by plant bioassay tests. Wide
range  of  acetylene  reduction  activity  from  4.47  to
590.38 nM C2H4 per 3 ml medium per hour has been
reported  for  Beijer{.nckt`a  isolated  from  coconut  root
region.  Plant beneficial endophytes belonging to the

genus Bac[iJus were found to be the main component
of the bacterial population in the root as well as leaf
tissues of coconut (Prabhu  ef aJ. ,  2000). A wide range
of component  crops  in  the  coconut  based  cropping
and  farming  system  including  spices,   fruit  crops,
fodder grass also harboured Azosp].nlJum in different
levels  (Ghai  and  Thomas,   1989).   The  component
crops    like     Pan[cum    maxt.mt/in    significantly
augmented the root associated diazotrophic bacteria
in  coconut  palm.   Inoculation   studies  with  these
diazotrophs  on  polybag  raised  coconut  seedlings
indicated  the  utility  of  these  bacteria  to  enhance
the  vigour  of coconut  seedlings.

Cyanobacteria  in  acidjc  soils

Acid   soils   is   not   a   preferred   habitat   for
cyanobacteria.   However,  there  are  several  reports
on  the  occurrence  of  acid  tolerant  populations  of
blue green algae under acidic soil conditions.  Moore

10,

(1963)   reported   the  occurrence  of  non-symbiotic
nitrogen fixing cyanobacteria from acidic soils. Aiyer

(1963)   isolated   several  acid   tolerant  species  of
cyanobacteria from highly acidic,  Kciri. soils of Kerala
having  a  pH  c)f  3.8.  Madhusooda.nan  and  Dominic

(1996)   reported   the   occurrence  of  26   species  of
Cyanobacteria  in  extremely  acidic  environments
(below  pH  5)  of  Kerala  State,  including  11  species
within  a range  of pH  3.6  -4.  These  stralns flxed  N2
in acidic pH  and  showed high degree of tolerance to
acidity. Tamilselvam  ( 1998) isolated several efficient
cyanobacterial  cultures  from  acid  soils  of  Tamil
Nadu.   The   acid   tolerant   strains   belonged   to
Anabaena   25%,    Wcst!.e!Jops!.s  -   17.5%,   IVostoc  -
15.0°/o,    Oscl.!Jaforia    and    Phorm!.dt`tJm   -25%.
Inoculation  of composite  cultures  of cyanobacteria
resulted  in  higher  growth  and  yield  of rice  plants.

Enrichment of soil  fertility status  through  BNF

Application  of symbiotic  systems

Application  of  biomass  of  P.  phaseo/oides,  M.
I.riL/I.sci and  C`.  mL{cumo!'c!es in coconut basins resulted

in proliferation of beneficial microbes including total
micro flora  and  function  specific  microorganisms
such   as   asymbiotic   N2   fixers   and   phosphate
solubilisers   (Thomas   and   Shantaram,   1987).
Significant     increase     in     the     activities     of
dehydrogenase,  phosphatase  and  urease  enzymes
was  also  recorded  in  response  to  incorporation  of
the  legumes  in  coconut  basins.   Legume  biomass
addition    also    resulted    in    increase    in    the
concentration of major plant nutrients, viz. N, P and
K  in  basin  soils  (Thomas  and  Shantaram,   1993).
Improvement in soil fertility status was also evident
from the increased mineralisation of carbon legumes
bit)mass   incorporated   coconut   basins   when
compared with  the control.  The application of green
manure  legume  biomass  in  acidic  sandy  soils  was
also  effective  to  enhance  intensity  of  mycorrhizal
infection  in   coconut  roots   and   the  number  of
extramatrical  spores  of arbuscular  mycorrhizae  in
basin soils (Thomas,1987). Arbuscular mycorrhizae
are  known  to  enhance  plant  growth  by  increasing
the  uptake  of  phosphorus  and  othei.  immobile
nutrient   elements   from   a   large   area   of   soil.
Substitution   of  50%   of  fertilizer  nitrogen   with
nitrogen  contributed  by legume -  rht.zob!'um system
was  achieved   in  coconut   (Thomas   e{  aJ.,   2001).
Improvement   in   soil   fertility   parameters,   as
evidenced  by  the  increased  nutrient  levels  and  soil
microbial  biomass  content,  also  contributed  to  the
increased  yield  of coconut  palms  under  the  green
manure  legume  -  wi[.zob].urn  treatment.
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Mttcttnci  bracteatci  has  gained  importance  as  a
cover crop in rubber (HeLJea brost.Jensl.s) plantations.
The   poor   modulation   of  MLicuria   in   the   rubber

growing  soils  is  due  to  the  absence  of an  optimum
population of BradyrfuizobI.urn, the cowpea group root
modulating  bacterium.   Seed   bacterization  of  M.
bracteafa   with   an   effective   local   isolate   of
Brac!grhlzob{t/in resulted  in  increased  plant  growth
and biomass production, reduction in weed population
and increased soil microbial population. Improvement
in total organic carbon, nitrogen, available phosphorus
and potassium in the soil was also ovserved consequent
to  inoculation  (Jacob  et a/.,  2003).

Ecologically  adapted  native  strains  of  cowpea
rhizobia   developed   from   acid   soils   of  Kerala

performed well and  significantly increased  the yield
of cowpea grown in acid soil (Sivaprasad and Shetty,
1980,  Nair and  Sivaprasad,   1982).

Sowing  leguminous crops  simultaneously with
oil  palm  was  potentially  ckeaper  way  of  boosting
nitrogen levels in the palm fronds, growth and yield
of  fresh  fruit  bunches   (ffb)   (Broughton,   1976).
Nutrient  cycling  studies  within  the  developing  oil

palm  -  legume  ecosystem  revealed  that  legumes
(C'entrosema  ptJbesens  and   Puerar{a  phaseoJot.des)
contributed about  150 kg nitrogen ha-i year-I  to the
system  through  nitrogen  fixation  and  leguminous
covers  reduced  leaching  lctsses  by  63  kg  nitrogen
ha-I  yea.r -I  (Agamuthu  and  Broughton,  1985).

Application of stress tolerant azosp/.r/.//urn strains

Diversity  analysis  or  azosp[r[Jlum  spp.  isolated
from  rice  cultivated  in  the  coastline  of Tamil  Nadu
using   PCR  -RFLP   of   16S   rDNA   revealed   the
occurrence of A. bras!!ense and A.  Itpo/e"m strains
with  salt  tolerance  and  nitrogen  fixation  (Saleena
et a!., 2002). They advocated that soil salinity should
be   taken   into  consideration  while   developing
biofertilizers specifically for the coastal agricultural
ecosystem.  iJena  and  Rao  (1988)  reported  that  soil
amelioration  with  leaching  and  organic  matter
addition  improved  microbial  population  and  N2
fixation  in  salt  affected   rice   soils.   F`looded   soils
amended  with  rice  straw  showed  higher  N2  fixing
activity than  non-flooded  soils  at  all  salinity  levels.

Acid  tolerant  Azosp{ri!!um  brosi.tense  strains
isolated from the roots of finger millet plants grown
in  acid  soils  of  Bihar  exhibited  nitrogen  fixation
ability  in   liquid   medium   containing  different
concentrations of Alcl3  (0-  20  mM  Al)  and  Mncl2  (0-
5   mM   Mn)   at   different   pH   levels   (Rai,1991).
Inoculation     trials    with     A.     Jt'po/erum    and

F!az/obacter!.urn sp.  with barley seedlings in acid  soil

(pH 4.3 -5.0) revealed that the inoculation conferred
resistance  to  the  seedlings  to  the  stresses  induced
by  high  acidity and  aluminium  ions  (Belimov  €f aJ.,
1998).  The  effect  of  inoculation  was  manifested  as
the  stimulation  of  root  growth  and  a  decrease  in
the  content of free  proline  in  roots.

Growth promotion and yield increase along with
saving  in   nitrogen   rertilizer  application   can   be
achieved  in  a  spectrum  of  crops  including  rice,
vegetables and plantation crops  grown in acid soils
of  Kerala  by  inoculation  with  acid  tolerant  native
strains  of  azospi.r['Z!ttm  (Sivaprasad  et  aJ.,  2003).

Kuttanad is one of the major rice growing tracts
of Kerala State.  The  acid  sulphate  soil  in  the  region
is unique in characteristics with high organic matter
content  (9-12%)  and  acidity  (pH  3.5-6.0)  and  prone
to seawater inundation, as it is lying below sea level.
Isolation   and   chaLracterisation   of  associative
dtazotrapJis from rice plants revealed the occurrence
of A.  Ji.po/e"m  (40%)  and  A.  brosilense  (60%),  with
capabilities to withstand the extreme soil conditions
(Sivaprasad  ef  a!.,  2003).  Some  isolates  grew  upto
pH  4.0  and  at  Nac12  concentrations  upto  4%.   N2
fixation  and  IAA  production  irt  L/t.fro  ranged  from  1 1
to 21  mg g-I  malate and 30 to 55 mg I-I ,  respectively.
Azosp].rijJum inoculation signiricantly increased grain

yield of rice in green house, experimental fields and
farmers' fields and resulted in saving of 25% N. This
showed that there is considerable scope for utilizing
cizosp[.rfJltJm  technology  for  rice  production  in  acid
sulphate  soils of Kuttanad.

Cyanobacteria for reclamation of salt affected soils

Blue green algae are relatively salt tolerant and
exhibited  different  levels  of  tolerance  to  salt  or
osmotic  stress.   Unicellular  diazotrophic  strains
exhibit  greater  level  of salt  tolerance  (Thomas  and
Apte;   1984).   Saxena  and   Kaushik  (1991)   reported
that  BGA  withstand  salt  stress  through  osmotic
adjustment or by creation of excess polysaccharides.
A two-fold  strategy for adaptation  of cyanobacteria
to  salt  stress  has  been  reported  which  includes
maintenance  of low  Internal  contents  of inorganic
it)ns by  active  transport  mechanism  and  synthesis
and  accumulation  of  osmoprotective  compounds
corresponding  to   the  osmotic   potential  of  the
surrounding  medium  (Reed  and  Stewart,   1988).
Cyanobacteria  contribute  significant  quantities  of
N in  the rice fields.  The effectiveness of adding BOA
under  field  conditions  has  been  reported  to  be
equivalent to the use of 60 -72  kg ha-I  of (NH4)  S04

(Subramanyan  ef aj.,1965). There have been several
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reports  on  the  use  of BOA  in  reclamation  of alkali
soils.  The  potential  of some  species  of BOA  to  grow
and  colonise  on  salt  affected  soils  were  reported.
During  the  rainy  season,  when  the  soil  is  moist,
Mierocoieus  clothonoplaste  first  appears  in  spaLce

patches over the moist efforescence of sodium salts.
Microcoleus  uaginatus,  Scytonena  cellatum,  S.
jauamcum,  S,  holmanm,  Porphyrosiphon notans\,
Nostoc muscorum, N. Iinckia, N. commune, Arrabaena
amloigu,  Aulosira fertiltssima  are  cyanobacteTia,
commonly  found  in  salt  affected  soil  (Kannaiyan,
1990) . The major effects of algalisation of alkali soils
have  been  the  decrease  in  pH  and  exchangeable
sodium.  Kaushik  and  Subhashini  (1985)  reported
remarkable reduction in exchangeable sodium from
53.2  to 39.4% and it was found  to be  equivalent to
the application of 2.5 t gypsum ha-I . The mechanism
by which  the  reduction  in  exchangeable  sodium  is
brought   about  Includes   its   utilization  for  algal
metabolism,  entrapment  in  biopolymers  produced
by  algae,   production  of  organic  acids  capable  of
solubilising  Cac03  nodules  (Roychoudhury  ef  a!„
1985,     Kaushik,     1989,     Kannaiyan,     1990).
Alagalisation  also  may  result  in  increased   soil
organic   carbon   content,   improvement   in   soil
aggregation  and  water  permeability.

CONCLUSION

Effective utilization of BNF technology in problem
soils will  not only prc)vide  economic  benefits  but also
would   improve   and   malntain   soil   fertility   and
sustainability in agricultural production. The strength
of research activities in these speciric areas of problem
soils   and   the   technologies  developed   should  be
effectively disseminated to the farming community to
achieve adoption and large scale use of BNF technology
to Improve crop production in coastal ecosystem. BNF
can  become  a  major  bioresource  for  orgariic  and
sustainable farming systems in coastal agriculture.
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The  coastal  ecosystem  in  liidia  occupies  19.6  million  ha  covering  eastern  plain  extending  from
Cauv.rydelfatoGangeticdelta,WostemGliats.andcoastalplainsextendingfromGujarattoKerala.
The aiinual rainfall ranges from 1000 to .000 inm. Witli soil range of lateritic to alluviiim, the growlng
p.riod of crops  I.anges  from  150-ZIO days.  Th.  soils  have  acidity,  salinity  or sodicity  problems  at
different locations  that  limit  crop  productivity.  Gioundnut  is  the  predominant  oilseed  crop  in  the
ecosystemassecondcropaft..rice.Rapceaeed-mustard,so§amo.nigerandsunflowerhavelimited
niches. under th. limitation of i.rioation water for second crop of rice,  oilseed crops are efficlent
and profitable alternatives. Selection Of suitable vari.tlos of oilseod crops with tolerance to salinity
or alkalin.fy  and  pest endemics  is ciitical  for successlul  oilseed  cultivation,  and  a  list  of suitable
oilseod varieties for each state lias been suggested. Maintaining optimum tilth  alter kharif puddled
paddy,  maintaining  optimum  plant population, adequate and  balanced  null.ition with  proper limiiig
orotheramelloratmgagents,applicationofsecondaryandmicronutrientsarethekeysforsustainable
oils®ed cultivation  in coastal  ecosystem.

(E[ey words : Eastern a Western coasts_I platns, Agroecosystem charactenstics,  Croppin,g sgstems,`Soil-f ertility relatecl corLstraints ,  Oitseed uarie€ies )

The  coastal  ecosystem  covers  eastern  plain
extending from Cauvery delta to Gangetic delta and
Western  Ghats  and  coastal  plains  extending  from
Gujarat to  Kerala.  The  ecosystem  occupies an  area
of 19.6 million hectares representing 6% of the total
geographical  area of the  country.

The  ecosystem   climate   is  characterized   by
tropical or tropical like conditions with hot summers
and  very  mild  to mild  winters`  The  annual  rainfall
ranges  from   1000  tol600  mm  in  eastern  coastal
plains  to  2000-4000  mm  in  Western  Ghats  and
plans   The  annual  potential  evapotranspirative
demand  varies  from   1500  to  2000  mm.   Due  to
seasonal distribution of rains,  the area experi;nces
water stress dunng summer months from February
to April-May. There are lateritic and alluvium derived
soils  in  the  ecosystem.   The   ecosystem  has  long

growing period  ranging from  150  to more than  210
days  in  a  year.  The  ecosystem  is  divided  Into  two
dlstinct  agro-ccoregions,  namely  Eastern  coastal
plain,  I.e.  hot  subhumid  to  semihumid  region,  and
Western  Ghats  and  coastal  plain,   i.e.  hot  humid
perhumid  ecoregion.

Eastern coastal plain,  hot subhumid to semihumid
ecoregion

This  region  covers   the  eastern  coastal  plain
extending  froln   Cauvery  delta  to  Gangetic  delta
covermg Tamil  Nadu,  Andhra  Pradesh,  Orissa  and
West Bengal States.  The  region  occupies an area of

8  5  million  hectares  representing  2.6°/o  of the  total

geographical   area   of  the   country.   This   region
experiences  wlde  range  of climatic  condltions   The
coastal  parts  between  Kanyakumari  and  south  of
Thanjavur (Tamil Nadu) and between north Chennai
and West Godavari (Andhra Pradesh) receive a mean
annual  rainfall  of 900  tc)  1100  mm  of which  about
80%   is   received   as  winter   monsoon   (October-
December). The potential evapotranspiration in this
area  varies  between  1700  and  1800  mm  resulting
in  annual  water  deficit  of  800  to   1000  mm.  This
area  represents  semiarid  climatic  conditions.  The
remaining  part  of eastern  coast,  that  lies  between
Nagapattinam   and   Chennai   (Tamil   Nadu)   and
extending  to  north-western  part  of  coastal  strip,
including  parts  ln  northeastern  Godavari  (Andhra
Pradesh),  Orissa and West Bengal,  receives a mean
annual  ralnfall  of  1200  to  1600  mm,  of which  80%
is    received    as    summer    monsoon    (June    to
September) . The potential evapotranspiration varies
between  1400 and  1700 mm resulting in an annual
water dericit of 600 to goo mm. The length of growh'ing

period  as  such  is  much  higher  than  the  southern
parts  and  varies  from  150  to  210  days  or more  in  a
year.   The   area   represents   a   subhumid   (moist)
climatic  type.  The  soil  temperature  regime  in  the
region  is  isohyperthemic    Hence,   the   bioclimatic
variations in  the ecosystem extend  from  semiarid to
subhumld, and length of growing period ranges from
90  to  210  days  or  more  in  a year.
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The dominant soil scape§ representing the area
are   level   to   very   gently   sloping   Haplaquents,
Ustifluvent,  Pellusterts and  Ustropepts.  The soils of
Motto and Kalathur series typfying the Haplaquepts
and  Pellusterts  are  slightly  to  strongly  sodic.  Both
are   clayey   in   soil   texture   but   have   marked
differences   in   their  cation   exchange   capacity,
suggesting  differcnces  in  clay  mineral  composition
of  these  soils.  The  Kalathur  soils  have  high  swell-
shrink  potential.

Vest Bengal
Medium  and  low lands

Low lands

In  parts  of West Bengal,  coastal  saline  soils  are
found  and the region  receives more than|500  mm  of      Orissa
annual  rainfall.   In  Orissa,  coastal  alluvial  soils  are
found  with an annual  rainfall of  1440 mm.  In coastal
Andhra  Pradesh,  alluvial  and  black  soils  are  noticed
and  the  region  receives  800  to  1000  mm  rainfall.  In

parts  of coastal  Tamil  Nadu,  the  average  rainfall  is
1136  mm,  and  alluvial and  red  soils  are  noticed.

Irrigation facilities are well developed in coastal
regions  of Andhra  Pradesh  and  Tamil  Nadu.  About
35% of the cultivated area in the  region is irrigated.

Crops and  cropping  systems

Rice  is  the  most  predominant  crop  in  coastal
region  followed  by  groundnut.   Other  cereals,   like

pearlmillet, maize,  sorghum and wheat occupy little
area. Cash crops, like sugarcane, cotton and tobacco
occupy   sizeable   areas.   Pigeonpea   is   the   most
important pulse crop of the region.  Under irrigation,
rice-rice,  ricc-groundnut and jute-rice  are the  most
important crop  sequences  in  this  region.

Under  rain fed  conditions,  rice-fallow/lathyrus/
lentil/barley/mustard/ mungbean,  sesam`]m/rice are
common sequences in West Bengal, In parts of Orissa,
rice-fallow/ pulses/mustard/ sesamum,  ringer  millet-
mustard/pulses,   maize/sorghum-horsegram   in
uplands,rice-fallow/mungbean/ringermillet-mustard/
sesamum, maize-potatos in midlands, and rice-fallow/
pulses,  jute-fallow/pulses  in  lowlands  are  normally
followed.   In  Andhra  Pradesh,   rice-pulses/fallow/
sesamum,        sorghum/fingermillet/pearlmillet
horsegram/fallow, khan/pulses/groundnut/sesamum-
fallow  are  common  sequences.   In  Tamil  Nadu,  rice
fallow/pulses/sesamum,   ground.Tut/pigeonpca/
sorghum/pearlmillet/sorghum/finger  millet-fallow
systems are  generally followed.

Cropping  systems  involving  oilseeds

Based  on  the  studies  carried  out  by  different
orgamsations,  some of the crop sequences Involving
oilse('c] s recommended in different parts of the region
'i   -indjcated   beiou.

Uplands  and  Midlands

(Rain fed)

Uplands

(Irrigated)

Midlands

(Rain fed  and  Irrigated)

Mid  and  Lowlands

(Irrigated)

Andhra Pradesh
Rainled

Irrigated

Tamil Hadu
Rain fed

Irrigated
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Rice-sunnower
Pre khan/jute-rice-mustard
Rice-rice-mustard
Vegetables-rice-mustard

Rice-rice-mustard
Jute-rice-mustard
Rice-sesame-mustard
Sesame-vegetables
Sesame-mustard

Rice-groundnut
Rice-sarflowcr
Rice/potato-sesame
Groundnut-maize

Maize.-groundnut-vegetables
Fingermillet-maizc-groundnut

Fingermillet-mustard
Jute-mustard
Rice-castor
Rice-mustard
Rice-sesame

Rice-Fo{ato-sesame
Jute-rice-groundnut
Rice-groundnut-rmgermillet
Rice-mustard-rice

Rice-groundnut
Groundnut-groundnut
Mungbcan-groundnut
Urdbcan-groundnut
Groundnut-Urdbean
Groundnut-Mungbcan
Castor

Rice-groundnut
Rice-rice-sesame

Groundnut-fallow
Fallow-groundnut
Sesame-fallow
Fallow-groundnut

Fingermillet-rice-groundnut
Soybean-nee-groundnut
Groundnut-rice-maize
Rice-rice-grrundnut
Urdbean-rile-sesame
Rice-rice-sesame
Fingermillet-rice-soybean
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In  addition,   wherever  groundnut  is  grown
durlng   khart/,   intercrop   of  pigeonpea  can   be
introduced.

Soil  fertility  management

Most of the  coastal  saline  soils  are  deficient in
nitrogen   Besides  lesser  utilization  of  nitrogenous
fertilizer,  especially  in  coastal  areas,   slow  rate  of
mineralization  of soil  organic  nitrogen  may  lead  to
Inadequate release of native soil nitrogen to the plant
available form in the salt affected soils primarily due
to decrease in the population and activity of microbes
with increase in soil salinity. The level of phosphorus
in  the  coastal  saline  soils  is  highly  variable,   and
depends largely on the nature and degree of salinity.
Very little wcirk has been done on the transformation
and  availability of P to  crops  in coastal  saline  soils.
The availability of potassium depends largely on the

parent  material,   clay  minerals  and  weathering
conditions.   It  also  depends  on  the   nature  and
amount  of salts  in  the  soil.  Most  of the  east coast
saline  soils  are  rich  in  both  available  and  non-
available  forms  of  K  and  there  might  not  be  any
depletion  of  available  K  content  of  soil  even  after
repeated   crop   cultivation   without   K  fertilizer.
Available S content in  this  region varied  from 4.5  to
27.0  mg  kg-I   with  a  mean  value  of  13.9  mg  kg-I.
Coastal  saline  soils of West Bengal contain  high  Mg
and   the   soils   become   hard   and   dry   and   get
deflocculated   when   wet,   leading  to   impeded
drainage.   Work   done   so   far   on   the   role   of
micronutrients in coastal saline soils is scanty. The
soils  are  generally  rich  in  micronutrients,  such  as
Fe,  Mn,  Zn,  Cu,  a and  Mo.  Distribution  of available
Cu,  Fe,  Mn,  13  and  Zn  content  in  coastal  soils  vary
from  0.2-25.6,  4.8-369.0,  2  5-335.0,  002-1.02  and
01-19.7  mg  kg-t,  respectively.

However,   there   are   other   location   specific

problems,  uiz. Fe toxiclty in the soils of Orissa. Thus,
a  large  number  of  soil  problems  associated  with
deficiency  and  toxlcity of several  nutrients,  besides
the problem of waterlogging, are met with in eastern
coastal  area,   and  accordingly  the   management
technologies  especially  for  ollseed  crops  should  be
location  specific.

Western   ghats   and   coastal   plain,   hot   humid
perhumid  ecoregion

This  agro-ecoregion  constitutes  Sahyadris  and
Western coastal plains of Maharashtra,  Karnataka,
Goa and Kerala States including Nilgiri hills of Tamil
Nadu.  South Gujarat coastal region is also included.
The  region occupies  an  area of  1 1.1  million  hectare

representing  3.4%  of the  total geographical  area of
the  country.

The  climate  of the  region  is  typified  by  tropical
like  conditions  with  hot  and  humid  summers  and
warm winters. The mean annual temperature varies
between  25  and  28  °C.  The  mean  annual  rainfall
exceeds  2000  mm  in  most  of  the  areas.  Though
rainfall  covers  the  potential  evapotranspirative
demand of 1400 to  1600 mm,  calculated on annual
basis,  the  water  balance  shows  a  dericit  of 300  to
400  mm of water per annum owing to  seasonal dry
Spells occurring especially during February to April.
The  region  is  represented  by  a  long  grc)wing perlod
ranging  between   150  and   170  days  in  a  year.  At

places   it  exceeds   210   days   in  a  year.   The  area
experiences udic soil moisture and isohyperthermlc
soil  temperature  regime.  The  major  soils  of  the
region include red and lateritlc soils of the Sahyadris
and the alluvium derived soils of the coastal plains.
These  soils  qualify  for  Dystropepts,   Eutropept§,
Hapludulfs,  Haplaquepts and localised Haplorthex.
The soils of Trivandrum and Kunnamangalan series,
typifying  Dystropepts and  Haplorthox,  respectively
are very deep,  clayey,  strongly to moderately acidic
in nature and  are poor in base  saturation.  Because
of the dominance of kaolinite clay mineral,  they are
low  in  retentive  capaclty  suggesting  poor  inherent
fertility.

In  Surat  and Valsad  districts of South Gujarat
coming  under  this  region,  medium  to  deep  heavy
black, coastal alluvium and lateritic soils are found.
The annual rainfall ranges from  1000 to  1500 mm.
In coastal Maharashtra and Goa,  both lateritic and
red  soils  are  found.  The  rainfall  ranges  from  2000
to  2500  mm.   In  Karnataka,  alluvial,  laterite  and
lateritic  soils are  found  in  coastal  and  ghat region.
The  annual  rainfall  ranges  from  1500  to  6350  mm
in various  parts.  In  KeralaL,  forest  and  hill  soils  on
uplands,  laterite  and  lateritic  soils in  midland  and
alluvial  soils  in  lowlands  are  present.  The  annual
rainfall  is around  2400  mm.

About  15%  of the  cultivated  area in the  region
is  irrigated  by  different  sources.

Crops and  cropping systems

Plantation  crops  occupy  large  area  in  this
region.   Among   arable   crops,   rice   is   the   most
important   one.    Other   crops   like    sorghum,

groundnut,  wheat,  chickpea,  pigeonp€a,  sugarcane
and   cotton  occupy  small  area.   Under  Irrigated
conditions,  rice-rice,  rice-groundnut,  rice-sorghum
are Important crop sequences. In rainfed conditions,
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rice-fallow/ pulses,   fallow-sorghum,   cotton-fallow,
fingermillet-pigeonpea  in   Gujarat,   rice-pulses/
fallow, maize/groundnut-fallow in Maharashtra and
Goa,  rice-fallow/pulses/groundnut  in  Karnataka,
rice/pulses/cassava,   sesame/fallow  in  Kerala  are

predominant crop  sequences.

Cropping  systems  involving  oilseeds

The  heavy  rainfall during  khar{/season  makes
it  diITicult  to  introduce  oilseed  crops  except  niger
on  hill  tops.  The  recommended  cropping  systems
involving oilseeds in different parts of the region are
indicated  below:

Gujarat                 Rice-groundnut
Rice-safflower

Maharashtra       Rice-groundnut
Sesame-rabl. pulses (uplands, rain fed)
Niger-rob{  pulses

Karnataka            Rice-rice-groundnut
Rice-groundnut  (rain fed)

Kerala                     Rice-sesame
Rice-rice-groundnut
Rice-rice-sesame

Soil  fertility  management

Impeded  drainage,  inundation  and  ingress  of
seawater have led to the development of salinity and
alkaline  conditions  rendering  vast  tracts  of  Khar,
Pokhaz]. and  KOJe  land  unsuitable  for  cultivation.

Certain   location   specific  problems  are  also
encountered  in  the  coastal  soils,   utz.  Fe  toxicity  in
highly  permeable  sandy  soils  in  parts  of  Gujarat,
and  highly  leached   low  fertility  lateritic  soils  in
Maharashtra,  Karnataka  and  Kerala.  Soils  of this
coast are characterized by high organic carbon, low
to medium P, and low K status. Secondary nutrients
like  S,  Ca and  Mg,  and  among the  micronutrients,
Zn   are   the   major   limiting   factors   for   crop

productivity. Available S content in west coast varied
from  1.0  to  loo.0  mg  kg-I  with  a  mean  content  of
23.1  mg  kg-i.  Available  Zn,  Fe,  Mn,  Cu,  8  and  Mo
contents in the coastal region of Maharashtra varied
from  0.02  to  16.50,  traces  to   122.0,  0.04  to  198.3,
0.26  to  24.58,  0.10  to  4.20  and  0.025  to  2.90  mg
kg-i,  respectively.  Crop  failures  due  to  acidification
and  salinizatic)n  are  common  in  the  acid  sulphate
and tidal marshy areas of Kerala.  Fe and Al  toxicities
are  also  observed  in  the  aLcid  laterite  and  lateritic
soils, besides inadequate amounts of K and Ca occur
in  acid  soils  and  coarse  textured  soils.

The    acid    sulphate    soils    with    distinct
characteristics occur in the lowlying areas of Kerala
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and are highly acidic having toxic content of soluble
Fe and  A1.  These soils mostly develop as a result of
drainage of those soils that are rich in pyrites (Fes2),
which  on  oxidation,  produce  sulphuric  acid  in  the

presence  of excess  S04  ions,  and  are  very  poor  in
available  P but  rich  in  c>rganic matter.  Iron,  Al  and
Mn   concentrations   can   be   depressed   by  lime
applications      thereby     creating     favourable
environment for  the  crop.

Thus,   a   large   number`   of   soil   problems
associated  with  deficiency  and  toxicity  of  several
nutrients beside the problem of waterlogging are met
with  in  western  coastal  area,  and  accordingly  the
management  technologies  for  oilseed  crops  should
be  location  specific.

Choice  of crop  varieties

Selection  of appropriate varieties suited for the
agroclimatic   region   is   a   basic   prerequisite   for
achieving  higher  productivity  of  oilseeds.   Some  of
the  varieties  of  oilseed   crops  recommended   for
coastal  region  are  indicated  below:

East coast region

Tanil Nadu         Groundnut           VRI-2, VRI-4, VRl-5, ALR-2,
ALR-3,   ICGS-76,   ICGV-

86590,          ICGV-86325,

Vemana, Apoorva, GPBD-4,

DRG-12

Sesane

Sunflower

Andhra                Ciroundnut
Prade§h

Sesame

Sunflower

N,ger

TMV-3,   TMV-4,   TMV-5

TMV-6,      CO-1,      TSS-6,

Palyur-1,  VRI-1

KBSH-I,  KBSH-44,  TCSH-

1,  CO-I,  CO-2,  DRSF-108,

TNAUSUF-7,    PAC-109l

Jwalamukhi,       PAC-36,
MLSFH-47,             SH-416

Prossun-09,  Morden

lcGV-86590,           K-134

Tirupati-3,   ICGV-86325,

DRG-12,  Kadiri-4, JCC-8f}.

Kadin-5, Kadin-6, ICGS-7fi

Apoorva

Gaurl,                    Madhav`
Rajeshwari,  Yallalnanchiil
I,2,  Swetha til,  TCS-94

ApsH-ii,   KBSH-1,   KBsrJ-

44,      NDSH-1,      SH-416

DRSF-108,       PAC-1091.

MLSFH-47,  Jwalamukhi,
Morden

No.71,  Gaudaguda local
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0rissa                 Groundnut

Rapeseed-
Mustard

Sesane

Castor

Niger

West Bengal       Groundnut
Rapeseed-
mustard

Sunnower

Sesame

W.et coo.t re(ion
Guj arat               Groundnut

Sesame

Niger

Maliarashtra     Groundnut

D.  M.  Hegde

RSHY-I,   OG-52-I,   ICGS-
44,  Dh-86, TG-3, Smruti

rorha..                M-27 , Agrani,
Parbati„ Anuradha, Yellow
scirsorL:   Benoy,  Jhumka,
Ragmi
Mustard  :  Pusa bold,  Pusa
Agrani,  Pusa  Bahar  Black
mustard:  Surya

T-85,  Vinayaka,  Kanaka,
Kalika,       Uma,       Usha,
Nirmala,  Prachi.

Jyoti, GCH-4, GCH-5, GCH-
6,  DCH-177

lop-76,  No.71,  CIA-5,  CIA~ 10

ICGS-44,  lcGS-76
Ton-a: M-17, Agrani, Parbati,
Anuradha
Yellow     scirsorL:     Benoy,

iJhumka,  Ragini
Mustard:  Pusa  bold,  Pusa
Agrani,  Pusa Bahar.
Black Mustard:  Surya

KBSH-1,               KBSH-44,
Jwalanukhi, PAC-36, PAC-
1091, Pro Sun-09, Morden,
DRSF-log

Rana, Tilothama

Somnath, ICGS-37, CG-20,
TG-26, GG-7, Dh-86, GG-4,
GG-5,       GG-13,       GG-3,
CIAUG-11

Parva-I,     Gujarat    Til-1,
GujaratTil-2,GujaratTil-10.

lop-76,  NRS-96-1,  Gujarat
Niger-I,  RCR-317.

TAG-24, TKG-19A, JL-220,
LGM-2,   AK-159,   TG-26,
Phule    Vyas,    Manikya,
Manjira

Sesame

Niger

Karnataka & Goa

Kerala                  Sesame

Groundnut

Phule Til-I, N-8, Tapi. JLT-
26,  AKT-64,  AKT-10l

N-5,  IGP-76

Groundnut    ICGV-86590,
ICGV-86325,   DRG-12,   R-

8808,    DSG-I,    R-9251,

GPBD-4.

Kayankulan-I,Thilothama,
Soma,     Surya,     Thilak,
Thiladhara, Thilarani

TG-3

Tillage and  crop  establishment

ln  coastal  regions,  lands  after  harvest  of  rice
can  be  utilised   for  introduction  of  oilseeds,   like

groundnut,  rapeseed-mustard,  sunflower,  sesame,
etc. However, due to puddling during rice cultivation,
the  soils  are  compacted  losing  normal  structure.
Proper land preparation and establishment of crops
are  critical  for  success  of  the  oilseed  crops  in  rice
fallows.  One  can  think of zero  and  minimum  tillage
for  planting  of  oilseed  crops  in  rice  fallows  under
rain fed conditions. With protective irrigation, normal
land preparation and planting can also be adopted.
Wherever  zero  or  minimum  tillage  is  followed  in
crops, like mustard and sunflower, higher seed rate
can  be  used  and  excess  seedlings  can  be  thinned
out  later.

For  successful  cultivation  of  oilseeds  in  the
coastal  region,   choice  of  suitable  varieties,  tillage
and crop establlshment,  appropriate crop nutrition
are very important. Besides, supplemental irrigation,
Integrated  pest  management  and  crop   specific
management  will  go  a  long  way  in  improving  the
overall  oilseed  productivity.  There  is  considerable

potential for introduction of oilseed crops ln different
crop  growing situations  in  both  east  and  west  cost
regions which needs to be popularised for enhanced
and  stable farm  income.
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Improved  Crop  Management  Practices  in
Coastal Ecosystem of Goa
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ICAR  Research  Complex  for  Goa
Old  Goa  -403  402,  Goa

The West coast in  general  and  Goa, in particular. vividly depict the typical  coastal environment
with  sea  shores,  backwaters,  lagoons.  marshy  areas  and  hinterlands  with  varied  topography.
Improved  red  kernelled  I.ice  varieties  like  Mo-17  (6.19  t  ha-i)  in  place  of the  ruling  variety  Jyoti
(3.64 I  ha-1).  popularization  of medium  duration  rice  lET-17527  in  place  of Jaya,  introduction  of
rice  hybrids   like   KRH-2   (6.44  t  ha.I)  and  Sahyadri   (6.92  I  tia-1)  for  enhanced   grain  yields,   in
addition  to  introduction  of  scented  fine  grain  varieties  like  Pusa  Suagndh-2  (4.82  I  ha-1),  are
suggested  as  viable  options  for  improved  profitability  in  I.ice.  Among  the  different  rice  based
cropping  systems  practised  in  the  region,  rice-vegetable  (brinjal) s®quontial  cropping  system
was  found  to  be  the  more  productive  and  profitable  over other cropping  systems.  Use  of high
yielding  varieties  of  groundnut  like  TAG-24  have  shown  groat  promise  both  in  terms  of  yield
(21.7  q   ha-1)  and  returns.  Coconut  based   higli  density  multi-species   cropping  system  with
inclusion  ol  banana,  pineapple  and  pepper  is  more  productive  and  profitable  on  a  sustainable
basis.  Studies  conducted   in  this  direction   have  clearly  shown  the  superiority  of  systems
approach  involving  dairy  through  intercropping  of  high  yielding  forages  in  coconut  garden.
Further,  groundnut and  pine apple as  intercrops  in  cashew have shown  great  promise both  for
increased  productivity  and  profital)ility.  Integrated  farming  systems,   like  rice-brinjal  system
with  mushroom  and  poiiltry  (Rs.77,  305  ha-I)  for  rain fed  lowlands,  coconut  +  fodder  +  dairy
(Rs.32,  335  ha-1)  for  uplands,  rice  +  fish  for  lowlying  paddy  fields  (with  a  fish   production  of
1250  kg  ha-I  in  addition  to  rice),  poultry  +  fish  combination  for  fish  ponds,  etc.  have  shown
greater  promise  in  the  region.

(Key words : Improved crop managemertt, Coconut-and casheu)-based farmtng, Integrated farrr[mg
systems,  Rehabititation Of mirLe u)aste dump,  Value addition,  Goa coastal area)

Coastal ecosystem is unique not only in Its wide
range  of  topography,  soils  and  climate  but  also  in
terms of crop biodiversity. The warm humid tropical
climate  of  the  region  favour  a  variety  of flora  aLnd
fauna,  which  needs  to  be  conserved  and  suitably
utilized  for  economic  development  of the  area.

Agricultural production in coastal areas is often
threatened  by  natural  calamities;   heavy  rainfall
leading to degradation  of cultivable  land  due  to  soil
erosion,   waterlogging,   depletion   of  soil  fertility,
excessive exploitation of mangroves/ fishes, intrusion
of scawater,  emergence  of new  pests  and  diseases
and   pollution  of  water  bodies.   Hence,   emphasis
needs to be given to Improve  the  coastal agriculture
in  sustainable  manner  through  effective  resource
management.

The west coast in general and Goa,  in particular
vividly  depict  the  typical  coastal  environment  with
sea shores,  backwaters,  lagoons,  marshy areas and
hinterlands with varied topography.  Goa has a coast
line  of about  101  kin where  the  elevated  land  mass
is  bordered  by  a  narrow  to  moderately  wide  strip  of
land  ranging  between   100  to  300  in  in  width  and
consisting of length  of 71  kin  of sandy  beaches.

The  State of Goa receives an annual rainfall of
2800  to  4200  mm.  Though  the  coastal  lower  Ghats
receive higher rainfall,  still many places experience
severe  scarcity of water during summer months  as
the  maximum  rainfall  is  concentrated  during  four
months  of  the  monsoon  period  (unimodal).  As  a
result   of  this   moisture   stress   and   drought,
remunerative  irrigated  crops  and  plantation  crops
invariably suffer. As the mining activity is also being

practised  in   this  region,   soil  is  being  exposed  to
na.tural vagaries of erosion at an alarming rate due
to  lack  of vegetative  cover.  As  such,  development of
land and water together with sustainable production
system  on  watershed  basis,   alternate  land  use
through social and agro-forestry, aquaculture, agro-
based  enterprises  involving  horticulture,  livestock
and  fisheries  would  be  rewarding.

Further,  the  rich  productivity  is  getting  fast
eroded    in    the    coastal    regions    because    of
deforestation  and  human  settlements.  Out  of  the
total geographical area of 3,  61,113  ha of the State,
about 40 percent is net sown area and forest covers
about  34  percent.  The  typical  coastal  climate  with
hot humid weather and varied types of topographical
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situations  and  soil  types  are  suitable  for  a  variety
of field and horticultural crops.  Coastal areas have
rich  potential  for  rice  based  cropping  systems,
horticultural   plantations   and   medicinal   and
aromatic plants of high export value. They are ideal
for commercial aquaculture, dairy, piggery, duckery,
poultry and  agro-forestry.

The improved crop management systems for the
region  are  as  follows:

Cocistcii  iou/Jands..  I?z'ce-based  systems  -   Rice-
Rice,  Rice-Cowpea, Rice-groundnut,  Rice-vegetables,
Rice-F`ish  systems.

Coastal  midlarids..  Coconut  and  arecanut-based
croppl.ng systems with inclusion of banana, pineapple,
spices and farming systems with dairy,  etc.

Coastal hilly subsystem: Cashew-based systems
involving  intercropping  of  groundnut,  pine  apple,
medicinal and  aromatic  plants,  etc.

As the region has more potential with 60 percent
of  the  cultivated  area  covered  with  horticultural
crops,   more   thrust  needs  to   be   given  for  the
development of horticultural  crops.

Crop management practices

Rice  and  rice-based  cropping  systems  dominate
the lowlands of the region, while cashew and coconut
based   systems  the  uplands.   Rice-rice   system   is

practised  to  a  limited  extent,  while  rice-pulse,  rice-
groundnut and rice-vegetable dominate the scenario.
Cashew is grown less intensively mostly as monocrop
while coconut gardens are often inter/mix cropped with
banana, spices,  like pepper, vanilla, etc. in the region.

Rice  is  grown  in  three  typical  topographical
situations,   uie.  rainfed  uplands,  rain fed  lowlands
and  the  saline  areas  especially  along  the  coast.
Fragmented  land  holdings,   lack  of  commercial
approach,  low  profitability  owing  to  increased  cost
of  cultivation  coupled  with  inadequate  processing
and  marketing  infrastructure  are  making  rice
production  non-viable  in  the  present  scenario.
Selection   of  proper   genotypes   for   the   situation
coupled with  improved  management practices hold
the  key  in  this  direction.   Improved  red  kernelled
rice  varieties,   like  Mo-17   (6.19   t  ha-I)   in  place  of

ruling  variety  LJyoti  (3.64  t  ha-I),  popularization  of
medium  duration  r:lee  IET-17527  in  place  of LJaya,
Introduction  of rice  hybrids,  like  KRH-2  (6.44  t  ha-i)
and Sahyadri (6.92 t ha-t)  for enhanced grain yields,
in  addition  to  introduction  of  scented  fine  grain
vaLrieties, like Pusa Suagndh-2  (4.82 t/ha), Vasuamti

(4.70   t   ha-I)   and   Pusa-2511    (4.57   t   ha-1)   are

suggested as viable options for improved profitability
as evidenced by the research results of the institute
for the  last three years  (Manjunath  et al.,  2005).

Among   the   different   rice-based   c`ropping
systems  practised   in  the  region,   rice-vegetable

(brinjal)  sequential  cropping  system  was  found  to
be  more   productive   and   profitable  over  other
cropping systems. The system recorded the highest

productivity  in  terms  of rice  grain  equivalent yield
(11122  kg ha-I).  The  higher  productivity was due to
the higher yield obtained with brinjal having bigger
sized  fruits (average weight of more than  250 g per
fruit)   and   more   number   of  fruits   per   plaLnt

(Manjunath,   2002).   As  the  system  was  found  to
deplete  more N  and  K from  soil,  additional fertilizer
application of the nutrients is suggested. Among the
other important vegetable crops, okra, chillies, cluster
beans,  vegetable  cowpea,  amaranthus,  raddish,  etc.
are  important.  Efforts  are  being  made  to  identify
suitable  high yielding variety  in  each  of these  crops
along with the  standardization of package.

Further,   rice-groundnut   and   rice-cowpea
systems  are  the  common  cropping  systems  in  rice
fallows  under  residual  moisture  situations.  Use  of
high  yielding  varieties  of  groundnut  like  TAG-24
have  shown  great  promise  both  in  terms  of yield

(21.7  q  ha-I)  and  returns.

Sugarcane is the only commercial crop grown in
the  region  with  relatively  lower  yield.  The  local  cane

production is far short of demand for the only sugar
factory  of  the  State.  Further,  higher  labour  cost  in
cane  production  is  reducing  the  profit  margin.
Attempts  are  being  made  to  identify  varieties  with
higher tonnage and recovery besides tolerance to white
woolly  aphid  menace.  Varieties,  like  Co-85002  (147
t ha-I)  and  Coc-671  (114  t ha-i)  are quite  promising.

Coconut-based  cropping/farming systems

ln  the  middle  valleys  and  plains,  coconut  and
arecanut gardens dominate the production systems.
The  local  Benaulim  and  Calangute  varieties  of
coconut, although are stable yielders under average
management,   wide   scope   exists   for   improved
cultivars  like   DXT  and   especially  the  selections
involving  local  varieties.   A  wide   scope  exists  for
intensification  of  cropping  in  these  plantations
especially with high value crops. Studies conducted
at ICAR Research Complex for Goa over the last 6-7

years  indicated  that  high  density  multi-species
cropping  system  with  inclusion  of  banana,   pine
apple and pepper is more productive and profitable
on  ai  sustainable  basis.
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The gross income obtained from the system was
Rs. 2, 00,748 ha-I while the net return was  1, 55,365
ha" . The benefit:  cost ratio  (BCR)  of the system was
1:3.42,  as compared  to  1 :0.22  in the monocropping
system. The average net profit per ha obtained from
the  individual  crops  were:   coconut  -   Rs.34,   796,

pineapple  -Rs.11,238,   banana  -Rs.59,   471   and
glyricidia -Rs.2,  250.  This indicates that banana is
the most profitable intercrop in coconut followed by

pineapple  (Manjunath and  Slngh,  2005).

Flowers  have  a  special  place  in  Goa,  being  a
tourist  destination.  Attempts  to  introduce  flowers
like gladiolus have yielded good  returns.  Efforts are
being made to standardize the package of cut flower
production.

Cashew-based cropping systems

ln the initial period of establishment of intensive
cashew gardens with grafts of improved varieties,  it
was  recommended  for  taking  up  intercrops  for  the
first few years depending upon  the  location.  It was

possible  to  grow  intercrops,   such  as  pineapple,
papaya,   annual   drumstick,   cucurbitaceous
vegetables,  groundnut,  cowpea,  etc.  in  the  region.
This  is  the  mctst important  practice  to  tide  over the

gestation  period  of the  garden.  Careful  selection  of
intercrops  to  achieve  appropriate  temporal  and
spatial sequence should be ensured to avoid the crop
competition over a period of time (Desai and Adsule,
2002).  Studies  conducted  in  this  direction  at  ICAR
Research  Complex  for  Goa  have  clearly  shown  the
superiority of systems approach in cashew involving
crops,  like  groundnut  and  pineapple  as  intercrops
both  for  increased  productivity  and  profitability.

Rehabilitation  of mine waste  dump

Mining is a major industry in Goa and vast areas
of  dumping  grounds  with  mine  waste  are  causing
ecological problems. Keeping this in view, rehabilitation
studies were attempted. Tree species,  like cashew ar`id
use of soil amendments, like poultry manure have been
found  useful  to  avoid  ecological  hazards.

Integrated  farming  systems

The integration  of allied  enterprises with  other
aLgricultural activities has shown a good promise for
higher returns from  each farm  area.  Further,  some
of  the  byproducts  of  these  enterprises  serve  as
valuable  manure  available  for  recycling  to  the  crop
component  within  the   system.  These  integrated
systems   should   provide   scope   to   also   bring
:rlr`rovement   in   soil   healt.,1   for   sListainabil.,ty   in
'`t`oduc`tion  on  long  term  basis.
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Studies  conducted  at  ICAR  Research  Complex
for   Goa   have   shown   that   rice-brinjal   system
integrated with mushroom and poultry (Rs.77,305/
ha)  for  rain fed  lowlands,  Coconut  +  fodder  +  dalry

(Rs.32,335 ha-i),  for uplands, rice + fish for lowlying
paddy fields with  a  fish  production  of  1250  kg ha-t
in  addition  to  rice,  poultry  +  fish  combination  for
fish ponds,  etc.  are  highly useful.

Value addition

A  wide  scope  exists  for  processing  and  value
addition  in  many  of  the  commodities  especially  in
fruits, flowers and vegetables.  Preservation of bread
fruit,  preparation  of kokum  syrup, juice,  etc.  have
been  attempted  in  this direction.

Future thrusts
The  future  thrusts  should  include  intensified

research  and  development  efforts  for  protection  of
biodIversity, mangroves, advance forecasting for natural
calamities, improved irrigation and drainage systems,
use  of low cost machinery for agricultural operations
Including  post-harvest  aspects,  use  of  integrated
community  approach  and  its  effective  co-ordination,
etc.  Further,  improvement of market intelligence  and

guarantee  facilities  in  the  light  of expanded  export
opportunities under WTO are essentially required.
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Effect  of Integrated Nutrient  Management  on  Soil
Properties  and Yield  of Rice  Grown in  Salt
Affected  Soils  of Coastal Andhra  Pradesh
P.R.K.  PRASAD1,  Y.  RADHA  KRISHNA,  T.  V.  SATYANARAYANA2,

V,  SANKAR  RA0 and  B.K  BANDYOPADHYAV3

1.2Saline  Water  Schme,  Bapatla  -522101,  Andhra  Pradesh

A field  experiment was  conducted  during  khar/.f,  2001  and  2002  on  salt affected  silty clay  loaTn
soil to study the effect of integrated  nutrient management practices Involving  inorganic, organic
and  biological  soilrces  of  N  on  soil  salinity,  dehydrogenase  activity,  nutrient  availability  and
rice  yields.  The  rosults  Indicated  that  the  soil  salinity  decreased  and  dehydrogenas®  activity
Increased  significantly  with  the  application  of  glyricidia  @  5t  ha-1   and  remaining  N  through
inorganic  source.   Grain   and  Straw  yields   of  rice  significantly   increased  with   combined
application  of  glyricidia  and  inorganic  source  of  N.  The  nutrient  avanability  after  harvest  of
paddy is found maximum  in treatment receiving green leaf manure (Glyricidia) and  inorganic N.
Blofertilizers  did  not  show  improvement  in  the yield  of  rice  but  improved  the  microbiological
properties  of soil.

(Key  words   :  Integratec±  nutnent  mcmagement,
auallabtlirty,  Rise,  Coastal saltne  soil)

Integrated  plant  nutrient  management  using
all possible sources of nutrients aims at sustainable
productivity with  minimum  disturbance  in  natural
soil  health  and  environment  without  escalation  of
cost  of  fertilizers.   It   is  wen   recognized   that  to
safeguaLrd  the  soil  health,  a judicious  combination
of organic  and  inorganic  N usage  is  essential.   The
supplementary  and  complementary  use  of organic
manures  and  chemical  fertilizers  will  augment  the
efficiency of both the substances to maintain a high
level  of soil  productivity  and  rice  production  (Lian,
1994).   Organic  N  added  through  various  sources
unlike     inorganic     fertilizer     must    undergo
decomposition and mineralisation before N becomes
available  to  rice  plant.     Apart  from   N,   organic
manures  contain  appreciable  amounts  of P and  K.
Further,  the  decomposition  products  like  organic
acids aLct on soil minerals bringing about dissolution
of  minerals  and   releasing  micronutrients.     The

present study was undertaken to know the effect of
integrated nutrient supply system on crop yield and
to  monitor  the  changes  in  soil  properties.

MATERIALS  AND  METHODS

Field experiment was conducted during  khari/,
2001  and  2002  on  salt  affected  silty  clay  loam  soil
at  Agricultural   Research   Station,   Ghantasala

Organic  sources  of  N,  Soil  properties,  Nuirierut

situated  in  Krishna  District  of Andhra  Pradesh  to
study the effect of integrated nutrient management
on   soil  properties  and  yield  of  rice.  The  salient
characteristics  of the  soil  are  presented  in Table  1.
The experiment was laid out in split-plot design with
four replications.  Rice variety  MTU-2077 was taken
as test crop. There were eight main plot treatments
and twc> subplot treatments. The main plot treatments
comprised   of  inorganic   N   (urea)   alone   and   in
combination with organic  sources of N  from different
locally  available  materials  whereas  the  subplo`t
treatments were with or without biofertilizers.

Total  nitrogen  application  for  all  treatments
except  for  control  was  same.  The  composition  of
different  organic  sources  of  N  is  given  in  Table  2.
After the harvest of rice  soil samples were collected
and  analyzed  for  available  N,  P  &  K,  pH,  salinity
following  standard  procedures  described  by  Black
(1965).  Soil dehydrogenase activity was analysed for
estimating  microblal  activities  in  soil  (Singh  e{  cz!  ,
1999).  The  details  of treatments  are  given  below

Main  plot treatments

T,:  Control (Farmers' practice) 60.40:30  (NPK-kg ha-1)

T2:  Recommended  dose  of NPK -80:40:30  kg  ha-1

T3:  Half recommended  dose  of N

T4:  Dhaincha -5  t  ha-I

3  Central  Soil  Salinity Research  [nstitute,  Canning Town -743  329,  West Bengal
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T5:  Green  leaf manure -  5  t  ha-I

T6:  FYM  ~  5  t  ha-1

T7.  Azolla  -500  kg  ha-t

T8:  Pressmud  -5  t  hall

Subplot treatments

Bo:  Without  biofertilizer

B1 :With  biofertiliz€r  (Azospirillum)

Nitrogen was applied in the form of urea for the
treatments  T4   to  T8  after  duly  considering  the   N

present  in  organic  and  biofertilizers.    Nitrogen-use
efficiency  was  calculated  by  the  formula.

Yield in N applied  plot (kg ha-I) -

yield in control plot (kg ha-I)
NUE=

kg of N  applied

Table  1. Physieochemtcal properties of the
experrmental sotl

Soil  properties

pHs

Ece

Organic  carbon

Available  N

P

K

Texture

CBC  Cmol  (p+)  kg.1

8.I

4.92  dsm.`

0.70%

265  kg ha.i

18.5  kg  ha.1

490.9  kg ha.1

silty clay loam

43.48

Table 2. Chemical composition of the organic
manures on dry ujetghi basis

Nutrients Sesbanie FYM Azolla

(%) aculeata microphylla

N 3.0 I.20 2.20

P 0.47 0.'21 0.27

K 2.00 I.96 2.01

C 38.5 26.9 40.00

C:  N  ratlo 12.8 22.4 18.20

pHs
Continuous cropping for 2 years with rice-pulse

rotation decreased soil pH  from initial level of 8.1  to
7.7 in 0-15 cm soil depth.   However,  the soil pH was
not significantly influenced by different treatments.

Soil  salinity  (Ece)

Electrical  conductivity  of  soils  varied  from  1.5
dsm-I  to  2.9  dsm-I  with  mean  value  of 2.2  dsm-I  at
30   DAT  under  different  treatments.     There  was
decrease  in  Ece  of soil  at  60  DAT  over  30  DAT  and
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it  ranged  from  0.8  to  1.2  dsm-I  with  a  mean  value
of  1.0  dsm-I.    At  harvest,  the  Ece  of soil  increased
over  that  at  60  DAT.   Among  treatments,  glyricidia
application  @  5   t  ha-I   and  remaining  N   through
inorganic N proved superior in reducing the electrical
conductivity.

Nutrient availability

Addition   of  organic   manures   significantly
increased   available   N   over   control   (Table   3)
Maximum  availability  of N  was  in  glyricidia  treated
soil.     In  general,   green  manures  recorded  higher
availability  of  N  compared  to  farmyard  manure,
azolla and pressmud.  The same trend was observed
in N,  P205  and  K availability at both  stages.   Higher
availability  of  N  in  glyricidia  leaves  contain  up  to
2.7% nitrogen and have a narrow C:N ratio of about
13   (Kang   and   Mulongoy,    1989).     The   succulent
nature  of glyricidia underwent rapid  decomposlton
in  submerged   soil  acids  on  decomposition,  which
altered  the  mechanism  of  reduction  and  chelation

(Patrick  and  Mahapatra,   1968)  and  solubilization
of insoluble phosphates by acids (Pareek and Gaur,
1973).     Wider   C:P   ratio   in   i'armyard   manure,

pressmud  was  responsible   for  low  release  of  P.
Increase   in   available   K   was   mainly   due   to
displacement  of  K  from  clay  by  ammonium  under
submerged  condition  and  also  added  by  liberated
acids  decomposition  products  of organic  acid.

Nitrogen  use  efficiency  (NUE)

The   NUB   of  added   organic  source  of  N  was
highest  under  glyricidia  and  followed  by  dhaincha

(Table  4).    This  could  be  due  to  relatively  higher
availability of N,  lower  C:N  ratio,  succulent nature
of  glyricidia  compared  to  the  organics  (Nagarajah
e{  a!.,   1989).

Grain  and  Straw  yield

Glyricidia   was   significantly   superior   in
enhancing  the  rice  yield  over  pressmud  and  azolla
application   Combination of 5 t ha-I of glyricidia and
remaining  N  through  fertilizer  recorded  high  grain
and straw yield followed by dhainchai @ 5 t ha-I with
inorganic  N.    The  lowest  yie:ds  were  obtained  with
half recommended  dose  of N  (Table  4).   The  higher

yield  in  organic  manure  applied  plots  was  due  to
improvement  of physical  properties  and  supply  of
nutrients on mineralization leading to .`,igher uptake.

From  these  findings,  it may be  concluded  that
continuous   combined   application   of  chemical
fertilizers  and   organic  manures  increased  NUB,
available  N,   P  and  K,   and  decreased  pH  and  Ece
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Table  3.  Nutrient auallability (kg ha-1 ) after haTuest of pcrddg

Treatment N  content P content K  content

2001 2002 Pooled 2001 2002 Pooled 2001 2002 Pooled

Tl 3029 278.4 290.6 19.2 20.3 19.7 466.9 480.2 473.6

T2 324.2 304.5 314.4 19.2 19.5 19.3 473.1 516.0 494.5

T3 2242 213.3 218.7 17.2 17.5 17.4 465.9 469.0 467.4

T4 292.5 309.3 300.9 20.2 20.2 202 Sol.7 518.0 509.9

T5 320.0 310.3 315.1 22_2 20.9 21.6 539.9 529.2 534.5

T6 3042 308.6 306.4 22.0 20.4 212 514.I 509.4 511.7

T7 284.7 287.6 286. I 19.7 19.5 19.6 478.1 501 . 2 489.7

T8 289.5 288.7 289.I 19.9 20.5 20.2 487.8 505.4 496.6

SEm+ 9.0 9.4 6.5 I.6 I.3 0.9 15.7 9.9 8.2

CD  at p=0.05 N.S 19.0 12.8 N.S 2.6 1.7 N.S 20.0 16.2

Table 4. Gratn and stTc.w ytelds frog hct]) and NUB of paddg duTmg k:hELr\[,  2001  & 2002

Treatment Grain yield Straw yield NUB

2001 2002 Pooled 2001 2002 Pooled Pooled

Tl 3763 4160 3962 5563 5106 5334 5.3

T2 3923 4803 4363 5803 5288 5545 10.3  .21.4

T3 3248 3827 3538 5133 4783 4958

T4 3912 4991 4451 5788 5442 5615

Ts 4357 5301 -        4829 6559 5697 6128 27.1

T6 3978 4916 4447 6128 5387 5758 17.5

T7 3770 4690 4230 5586 5126 5356 12.6

T8 3818 4718 4268 5702 5201 5452 5.9

SEm+ 190 154 129 197 156 67.5 -

CD  at p=0.05 383 312 253 399 3141 132.2 -

content  of  soil  over  the  initial  value,  whereas  soil
fertility deterioration was observed  under chemical
fertilizer  treatments.
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Management of Basal Stem Rot Disease of Palms in India:
Early Detection  of Ganoderma  Infection

through PCR Technology
P.K.  MANDAL,  V.  SATYAVANl  and  M.  KOCHU  BABU

National  Research  Centre  for  Oil  Palm
Pedavegi  -534  450,  Dist.  West  Godavari,  Andhra  Pradesh

Basal  stem  rot (BSR)  caused  by different species  of Ganodorma  is  an  important disoaso of the
palms  inclucling  oil  palm.  Integrated disease managomont (IDM)  is  possible for management of
this disease if it is diagnosed at the early stage of intection. Visual and morphological detection
are not reliable, and the use of advanced techniques llko ELISA, even with monoclonal antibody,
is  not fool  proof.  DNA  based  PCR technology  is so far the  most  roliable technique  and  several
pairs of Ganoderma specific prlmors are already r®portod, A pair of Ganodorma specific primal.s,
nam®Iy  Gaol  and  6an2 were  used  foi.  20  isolates,  which  were  earlier identified  and  suspected
as  different  spocios  of  Ganoderma.  The  isolates  were  colloctod  from  oil  palm  and  coconut
plantatlons.   Results   indicated  that  only  four  isolates  wore   Ganod®/rna.   To  optimize  and
economiso  the  techniques,  the  reactlon  volume  was   reduced  to   12.5pl,   and   different          -
concentrations  of  enzyme  (raq  polymerase),   primer  and   DNA  per  reaction  were   used.
Concentrations of 0.25 u of onzymo,  2.5 ng of each  primer and 5 ng  DNA were found enough for
detection.  Annealing  temperature  from  50-55°C  did  not show any  differonco  jn  detection.

(Key u)ords:  PalrrL chsease,  Ganoderma infechon, Disease marrageme"1, PCR-based techafaue)

Basal  Stem  rot  is  a  disease,  which affects  the
palms and caused by different species of Cidnoderma.
In case  of oil palm the disease  is a problem  mainly
in the older plantations.  It is already an established
disease   in   coconut  and   causes   considerable
economic  losses  every year.  Cross  infectivity of the
Ganoder7na  from  coconut  to  oil  palm  is  also  well
established  and  also  reported  in  India  (Hymavathi
et a!.,  2002,  Mandal  ef a!.,  2003).  In  case  of palms,
the  symptoms  are  noticed  usually  at  a  very  late
stage.  When  the  brackets  of  the  fungi  are  seen
outside,  considerable  damage  might  have  already
taken  place  and  most  of the  times  survival  of the
palms  becomes  impossible.   However,  detection  at
the  early  stage  gives  ample  scope  to  manage  the
disease  and  the  palm  to  recover.  Regular survey is
an  important aspect to detect any symptom of BSR
disease  in  the  plantations.   However,   since  visual
detection   js  not  fool  proof,   accurate  diagnost]c
technique, which  is  specific  and  readily  adaptable
to    large    scale    testing  for  detecting  Gartoc!erma  in

palms  at  an  earl.v  stage  rtf `;nfection,  would  benefit
decision   making  for  appropriate  disease  control`
Some progress on development of precise  techmque
for  earl.v  detection  of  GarLoder77ici  rna.v  be  achieved
through   enzyme-linked   immunosorbent   assay
(BLISA),  Monoclonal  antibody  and  PCR techniques`
In India ELISA with polyclonal antibodies have been
used  so far as advanced  tec`hnology.  But ELISA with

polyclonal  as  well  as  monoclonal  antibodies  are
reported to be non-specific.  So far PCR-based assay
appears  to  be  more  specific.  Keeping  this  in  mind
attempts have been made to Standardize a protocol
using  Ganoderma  specific  primers  to  identify  the
fungi,  which  can  finally  be  used   as  a  regular
detection  tool.

MATERIALS  AND  METHODS

Suspected   Gcirioderma  isolates  collected  from
different  oil  palm  and  coconut  gardens  were  used
as  experimental  material.   DNA  extraction  was
carried out from the actively growing my.celia of the
fungi using extraction  buffer  (Mandal  ef cil.,  2003).
Two  primers  (desalted),  namely  Garil  and   Can  2
(Utomo and Niepold, 2000) were custom synthesized
from   Bangalore   Genei  and   used   for  the   PCR
amplification.  Co.ncentrations of the reagents which
were maintained  same in all the cases were:  dNTPs
0.5uM (each),  Mgc12:  1.5mM (along with  lox buffer).
Denaturing  temperature   was  94°C,   extension
temperature  was  72°C,  and  the  amplification  was
carried  out  for 39  cycles.

RESULTS  AND  DISCUSSION

Amplification with  the  primers was carried  out
with  20  isolates,   all  of  which  were   suspected  as
different  species  of  Gcmoc!erma.   Confirmation   of
Ganoderma  would   help   in   management  of  the
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disease.  During the detection process, the  Gartl  aLnd
Gan2   primers  were  used,   which   produced   an
amplification  product  of  167bp  as  described  by
Utomc> and Niepold  (2000).  During the study,  first a
standard procedure with  1.0 unit of Tag polymerase
enzyme,   15ng  of  each  primer,  20ng  of  DNA  were
used  in  25  ml  of PCR reaction  mixture.  Presence  of
the  bands  were  observed  in  only  4  isolates  out  of
20   suspected   Gc{rtoderma   isolates.   These   were
repeated and same result was observed.  Two of the
negative isolates were collected from coconut garden
and were identified as G. app!anatrm and G. !tJcidum
earlier  on  the  basis  of  morphological  characters.
According  to  Utomo  and  Niepold  (2000)   Gcinl  and
Gcin2 are  Ganoderma specific primers and if so,  the
morphological  identification  needs  to  be  verified.
Other isolates, which were thought to be Ganoderma
so  far,  are  also  mostly  negative  except  the  four.
However,  after this  result,  it is  time  to  cross check
field  condition  of  the  palms  with  the  positive  and
negative  results.

To  optimise  and  also  economise  the  detection
techniques, the volume of PCR reaction mixture was
reduced  to   12.5  wl  with  no  difference  in  result.
Different  concentrations  of  DNA  (5ng,   long  and
15ng),  primer  (2.5ng  each),   rciq  polymerase  (0.25
and 0. 5 U) and different annealing temperatures did
not  show  any  difference  in  amplification  pattern.
Concentrations  of 0.25  U  of enzyme,  2.5ng of each

primer   and   5ng  DNA   were   found   enough   for
detection.  DNA  concentration  isolated  from  pure
culture  may  not  be  a  limitation,   however,   the
technique needs to be standardized with DNA of the
field  samples  like  root  bits  or  the  stem  tissues.
However,  when  primer  concentrations  of  2.5ng,
5.Ong and  7.5ng for each  primer were used,  it was
found  that  the  concentration  of amplified  product
was  considerably low  in  case  of 2.5ng.

Incorporation of PCR techniques in management
of basal stem rot is new in India and so far no report
is found, where the IDM practices are conducted on

the  basis  this  techniques.  A  few  important  points
are  observed  from  this  study,  which  need  to  be
considered  seriously  during  the  future  course  of
action.   Several  isolates,  which  are  suspected  as
Ganoderma,    may    not    be    the    same.    If   the
morphological identlfication by electron microscope
is authentic, the use of the speciric primer pair needs
to  be  verified.   Several  other  primers  specific   to
Gcmoderma  may  also  be  adopted   for  detection.
Another  very important  aspect  is  the  economics  of
the  detection  process.  With  the  reduction  of  the
volume  of PCR  reaction  mixture,  reduced  quantity
of enzyme and considerably reduced cost of Thermal
Cycler',  it is not difficult to analyse a large  number
of  samples.  Works  on  all  the  above  aspects  have
been   taken   up   and   a   simple   DNA  extraction
technique from  rield  samples is being standardized.
It   is   expected    that   very   soon   BSR   disease
management  of  palms  would  be  relying  on  PCR-
based detection  of Ganoderrna.
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Coconut Yield Prediction in Bay Islands
Using Artificial Neural Network
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A study on Artificial  Neural Network (ANN) for the foi.ecasting of coconut yield taking into account
the  weather  conditions  was  carl.ied  out.  Data  and  Information  relating  to  coconut yield  from
CARI  research  farm  were  collected  monthly  from  1985  to  2001.  Weather  data  Such  as  average
monthly  rainfall,  average monthly temperature,  relatjv®  riumidity,  wind  sp®od,  evaporation  and
sunshine hours  of relevant period wore also obtained.  Distributed  neui.al  network  is applied to
yield  prediction  in  coconut.  A  multilayerod  porceptron  with  back  propagatiorl  algorithm  has
been  applied.  The  results  elucidate that the ANN  has  potential  and  ability  to forecast coconut
yield  accurately  despite small  set of data  available.

(Key  words:  Coconut yield preclict\oi\ model,  Clinatic parameters)

The  Andaman  and   Nicobar  Islands  consist  c)f
about  572  islands  from  Nc)rth  to  South,  covering  a
geographical area  of 8249  km2  spread  over a  length
and  breadth  of     700  kin  and  250  kin,  respectively.
These  islands  are  situated  between  60  and   14°  N
latitude  and  92°  and  940 E  longitude  in  the  Bay  of
Bengal.  The  general  terrain,  land  formation  and
topography of Andaman group of Islands are hilly and
undulating,  enclosing  narrow valleys.  The  hot humid
tropical  climate  prevalent  in  the  close  proximity  of
equator  has  enriched  the  landmass  with  evergreen
forests.  The  average  annual  rainfall  in  these  islands
is  3000 mm, 'mean relative  humidity ranges from  80
to  90  percent  with  mean  minimum  temperature  of
23.2°C  and  mean  maximum  temperature  of 30.7°C.

Coconut  is  the  major  crop  of  the  islands.  The
main economy of the people directly depends on the
fortunes of this crop.  Hence  any  disturbance  in  the
coconut  sector  would  affect  the  well  being  of  the
coconut   farming   community.   A   &   N   islands
contribute  an  area  of  24,796  ha  under  coconut
cultivation  (Rethinam  e{  ci!„  2001).  The  total  palm

population  is  44.584  lakh  bearing  and  3.956  lakh
non-bearing  with  an  annual  production  of  87.5
million  nuts.   Compared   to   the   national   average

productivity  of  7821  nuts  per  ha,  the  productivity
of A &  N  Islands  is only 3536  nuts per hah  This  can
be  attributed  to  the  close  planting,  negligence  and
lack of adequate  management practices.

Neural  network  approach

The application of the Artificial Neural Network

(ANN)   approach  to  forecasting  task  has  gained  a
great deal of interest from researchers in many areas

of study for quite sometime. The main advantage of
the  ANN  approach  is  that  it  does  not  require  any
assumption of functional relationship between its input
variables and the corresponding output. Instead, it is
able to learn and build its own non-linear model from
a  relationship  between  input  variables  and  output
during the training process (Camago  et al. ,  1999). The
network is reed forward multilayer network under the
back  propagation  learning  used  for  yield  prediction

(Haskett,  e! aJ.,   1998).

The  aim   of  this  study  is  to  investigate  the
important  factors  that  influence  coconut  yield,
especially  the   weather  variables,   and   also   to
understand  the  potential  of  ANN  to  perform  the
forecasting  task  of coconut yield.  It  could  lead  the
way    for    the    coconut    yield`  prediction    and
understanding  of  factors  controlling  yield,  which
would  benefit  the  agriculturist in  the  future.

MATERIALS  AND  METHODS

The  Andaman  and  Nicobar  Islands  belong  to
humid tropical islands and it is  1200 kin away from
Indian  mainland.   The  observations  of  weather
variables such as rainfall,  maximum and minimum
temperature,  relative humidity in  the morning and
evening,   and  wind  speed  for   17  years  since   1985
have  been  collected   from   the  basic  records  of
agrometeorological  station  of  Central  Agricultural
Research    Institute,     Port    Blair    and    India
Meteorological  Department  regional  center  located
at  Port  Blair.  Data  on  coconut  yield  experiments
conducted   in   the   farm  of  Central  Agricultural
Research   Institute,   Port  Blair  have  also   been
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collected  from   1985  to  2001  and  monthly  average
has  been  worked   out.   In   order   to   assess  the
dependability,  weather  and  crop  data  from  basic
records   have   been   subjected   to   coefficient  of
variation  analyses.

Structure  of ANN

The  Neural  Network  used  in  this  study  is  a
multilayered  feed  forward  network  using  a  back
propagation learning algorithm. The architecture of
the  ANN  chosen  here  consists  of  three  layers:  an
input  layer,  a  hidden  layer,  and  an  output  layer.
Several ANN models with different input factors and
different number of neurons in a hidden layer were
experimented.  C programming was used as an ANN
tool in  this experiment.

Training  and testing

The training and testing were created according
to  inputs  of ANN  model.     Rainfall,  average  mean
temperature, etc. were selected to build the training
and testing according to the structure of the model.
From the data records selected, one data record was
set aside for testing purpose, called testing set, and
these data record was not presented to ANN during
the  training  session,  but  it  would  be  presented  to
the  ANN  after  training  session  was  completed
(Haykin,1999).  Therefore   total  number  of  data

recorded in a training set was  17.   For the purpose
of the  experiment,  each  data  record  had  a  chance
and  was  assigned  with  a  testing  set  once.   By
performing  this,  potential  of ANN  for  forecasting of
yield was evaluated. Thus, ANN's of each model were
trained and tested.  Each ANN was tl.ained until the
Mean  Square  Error  (MSE)  decreased  and  reached
0.01  or  the  number  of iteration  exceeded  loo,000
when  the  training  session  stopped.  The  MSB  was
the  summation  of  the  square  of  the  difference
between  the  desired  and  actual  outputs  of  the
network  for  the  entire  training  pattern.  Then  the
testing set was presented to the trained ANN in order
to   determine   the   accuracy   of   the   forecast:
MSE  =    I/2Z|E  (p)-X  (p)]2,  where  E(p)  was  the  desired

output and X(p)  was  the actual output.

RESULTS  AND  DISCuSSION

The training pairs and  patterns of both inputs
and  outputs  are  shown  in  Table  1.  The  forecast
performance  of  ANN  result  is  presented  in  Fig.1.
From  F`ig.  1  it could  be  demonstrated  that the ANN
of each model was able to perform a forecasting task
in  a  satisfactory  manner.   In  this  study  it  was
indicated that there was no need to discard the data
record  which  has  sudden  change  since  it  helped
contributing  knowledge  during  training  of  ANN.

Table  1. Collection of patterns from the concerned farm in Bay islands

Input  Patterns OutputYield

Year RF TmaLX Tmin Rhm Rhe Ws RD Bvp Ssh

1985 125 29.7 23.2 77 80 7.6 53 3.57 6.5 44

1986 164.5 29.9 22.I 76.5 79.4 8.05 173 4.35 7.2 61

1987 258.4 30 22.9 77 78.8 6.7 181 4.09 6.5 47

1988
I,-=T 28.8 23.3 90 77.4 7.1 144 3.86 6.6 69

1989 230.9 29 23.25 86.75 74.6 7.7 164 3.82 6.9 57

1990 193.9 30 23.63 85.64 72.7 7.4 124 3.7 6.4 55

1991 255.4 30.2 23 86.6 72.4 10.59 125 4.23 5.8 57

1992 22o.4 29.7 22.63 87.4 75.2 10.84 120 3.98 6.6 38

1993 188.4 31 23 89.7 75.9 10.2 152 4.32 6.4 42

1994 258.7 31 23.5 88.I 81.4 8.7 120 4.56 6.7 54

1995 297.2 31.4 23.7 90.7 79.5 9.6 140 4.5 6.4 58

1996 267.2 31.9 23.33 81.08 77.8 9.9 188 4.88 6.2 60

1997 209.8 30.5 23.82 89.6 75.2 10 Ill 5 7.3 34

1998 176.3 31 23.5 91.19 77.3 9.3 192 4.4 5.6 41

1999 199 30.I 21.3 90.2 81.6 9.3 209 4.2 6.4 97

2000 238.2 30.4 23.3 89.9 76.6 9.3 154 3.8 6.5 66

2001 211.2 30 23.4 88.4 78 10.I 159 4.56 6.4 55

Note.  RF:  Rainfall,  Tmax:  Maximum  temperature,  Tmin:  Minimum  temperature,  Rhm:  Rclative  humidity  (moming),
Rhe:  Relative  humidity  (evening),  Ws:  Wind  speed,  RD:  Rainy  days,  Evp:  Evaporation,  Ssh:  Sunshine  hours
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Similarly  this  led  to  better  performance  of ANN  in

general,  except  forecasting  particular  data  record
where ANN had difficulty to adjust from the results
of  the  experiment.  ANN  thus  showed  its  potential
and ability to forecast coconut yield quite accurately.

A
.      A         _      A-          -         I   \
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Fig.1.  Prediction  performance  of the  net`^/ork trained  by
using  BPA for two  years  lag  period

CONCLUSION

ANN  can  be  used  to  perform  forecasting.  The
forecast  outputs  trace  the  actual  production  very
well  for  all  levels  of  coconut  yields.  It  is  observed
from  the  experiment, that  the  amount  of  rainfall,
wind  velocity,  relative  humidity,  rainy  days  have
strong  influence  on  yield  of  coconut,  while  the
average  temperature  and  evaporation  have  less
influence,  and do not contribute  any positive  effect

129

on  the  forecast.  This  could  be  the  result of several
factors  such  as  the  small  set of data used  for the
experiment  or  the  fact  that  the  temperature  data
available   w.as   from   a  single  location  at  CARI
Metrological  station,  which  was  not  quite  relevant
to  the production areas  in  the  experiment.
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Integrated  Nutrient Management  for  Coastal  Salt Affected
Soils  of India under Rice-based Cropping  System
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Central  Soil  Salinity  Research  Institute,  Regional  Research  Station
Canning  Town  -  743  329,  West  Bengal

Due to various soil, water and agroclimatic constraints the coastal areas are generally monocropped
with  rice   grown  in  the  k^ari.f season  only.  The  response  of  crops  to  the  application  ot  inorganic
fertilizers  is  pool,  due to which farmers  use minimum  amount of fertilizers  leading to poor yield  of
the crop. The results of an experiment on integrated nutrient management conducted  simultaneously
in 4   coastal  states  of India  (West Bengal,  Orissa, Andhra  Pradesh  and Tamil  Nadu)   indicated  that
yield  of  crops  was  better when  combined  sources  of  nitrogen,  viz.  Inorganic  and  organic    were
applied to soil instead of inorganic sources alone. Locally available non-conventional organic sources
were found to be  highly potential.  For coastal saline soils of West Bengal  city compost and  locally
available green  leaves  (equal  mixture of locally available  G/yr/.c/.a/.a sp.,  De/on/.I sp.  and  Exoecar/.a
ago//ocha) can  bo very effective oi.ganic sources  of N.  For coastal  regions  of Andhra  Pradesh  and
Tamw Nadu loaves of locally available leguminous tress like G/yr/.c/.d/.a  and OerrJ.s /.nc/i.ca, respectively
were  found  to  be  highly  beneficial  organic  sources.  Foi  Orissa,  application  of  green  maniiro

I  (Sesbani.aJ  and  placement  ot  uroa  supergranules  increased  the  yield  of  rice.  Use  of  biofertilizers

and the residual effect of organic sources enhanced the yield of an the crops in the subsequent rob/.
season.  The  fertility  status  of  soils  improved  due  to  application  of organic  sources  of  nutrients,
while application of inorganic source of N showed littlo or no improvement in soil nitrogen status in
most of the cases. Application of organic sources of N to soil in combinatlon with inorganic nitrogen
fertilizer  improved  the  microbial  activities  in  sow  and  thus  the  soil  health.

(Key u)ordls:  Integrated nutnent marLagerrLent,  Locally  aua.table  orgarL`c sources,  B{ofertinzer)

The coastal  saline  soils in  India are distributed
along  the  8129  kin  long  coastline  in  the    eastern
and western coast of the country spreading  over  12
states  and   union   territories,   viz.   West  Bengal,
Orissa,   Andhra   Pradesh,   Tamil   Nadu,   Kerala,
Karnataka,  Maharashtra,  Gujarat,  Goa,  Duman  &
Diu,   Pondicherry,   Andaman  &   Nicobar  Group  of
Islands,   and   Lakshadip  &   Minicoy  Islands.   The
fertilizer  use   efficiency  and  yield   of  crops   are

generally poor in of the coastal saline soils.  Efficient
utilizati-on  of  applied  fertilizers  is  one  of  the  most
Important  requirements  for  Increasing  the  yield  of
crops  in  coastal  saline   soils.   Suvarna  Latha  and
Sankara   Rao   (2001)   observed   that   sustainable
higher  yield of crops in coastal sallne  soils could  be
achieved  through  Judicious  and  Integrated  use  of
available  organic    sources  of plant nutrients  along
with  inorganic  fertilizers.   Dubey and  Verma (1999)
observed   that  integrated   use  of  organics  and
fertllizers   improved   soil   fertility  and   produced
synergetic effect on the yield of Crops on coastal soils.
Prasad  ef a(.  (1984  )  reported  that  besides  addition

Present  address:  1Central  Research  Institute  for Jute  &

Institute,  Cuttack  753  006`  Orissa

of  nutrients   to   soil   the   applicatlon   of  organic
manures  enhanced   release  of  native  sources  of
nutrients   and  reduced  fixation  of nutrients  in  soil.
Similar observation was also recorded by Reddy and
Reddy   (1998).   Bandyopadhyay   and   Rao   (2001)
observed that Integrated nutrlent management using
Inorganic,   organic  and   microbiological  sources  of
nutrients  Improved  fertilizer  use  efficiency  and  soil

quality   leading  to  sustainable  higher yield  of crops
in   saline   soils.   The   present   experiment   was,
therefore,  conducted  simultaneously on the coastal
saline  soils  of different  coastal  states  in  India  with
an   objective   of  developing   integrated   nutrient
management  practices  for  the  coastal  saline  soils.

MATERIALS  AND  METHODS               `

Field        experiments        were        conducted
simultaneously  on  the  identified  hot  spot  soils  in
the coastal regions of four coastal states on the east
coast  of  the  country,   vlz.   West  Bengal,   Orissa,
Andhra  Pradesh  and  Tamil  Nadu.  The  location  of
the  experimental   sites  were:   Canning  (South   24

Allied  Fibres,  Barrackpore,  24  Parganas  (N)  700120,  West---------,- ~ ----- I---~ ,-... A.i,c^LJao  `J`/    /  `/U   1-£U,   VY[SI
Bengal,  2A P  Water Management Project, Bapatla -522101, A P  ,  3Department of soil Science & Agricultural Chemistry,
A  D   Agricultural College and Research Institute (TNAU), Tiruchirapalli -620 009, Tamil Nadu,  4Central Rice Research
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Parganas  district)   in  West  Bengal,   Gadakujang

(LJagatsingpur   district)   in   Orissa,   Ghantasala
(Krishna  district)   in  Andhra  Pradesh,  Vallapallam
(Nagapattinam  district)  in  Tamil  Nadu.  The  salient
chararteristics   of   the   hot   spot   soils   at   the
experimental  sites  are  presented  in  Table  1.

The  field  experiments  at  all  the  locations  were
conducted  both  in   Man/ and   rabt  seasons  under
split-plot  design  with  8  man  plot  treatments,   2
subplot  treatments  and    4  replications.  The  main

plot treatments  (T)  comprised  of Inorganic  nitrogen
(urea)  alone and combined  sources of inorganic and
organic  sources   (use   of  locally  available  organic
sources  and  waste   materials  were   stressed)   of
nitrogen. The 2 subplot treatments (8) were:  without
biofertiliser   (Bo)    and   with   blofertiliser   (8[   .
Azofobacfer and  Azosp!`ri.llum in  equal  proportions).
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/Abe!moschus  escuJerttt/s/  in  West  Bengal,   rice  in
Orissa, black gram ( VI.gna mango) ih Andhra Predesh
and rice in Tamil Nadu.  The details of the treatmeii ts
in  khart/and  mab[ seasons are given  in Table  2.

Soil samples collected after the harvest of crops
were analyzed for salinity,  pH,  and available N,  P,  K
following standard methods (Black,1965).  Microbial
biomass  carbon  (MBC)  of  soil  was  determined  by
fumigation   extraction  method   as  described   by
LJoergensen   (1995).   The   dehydrogenase  activity  of

soil was determined  following the method  of Casida
ef  czl.   (1964).

Subplot  treatments  in   khart/  anc!  rabt.  were  as
follows:

Bo:   Without  biofertilizer

i+ive.ui"e-t.:i[;``: f` Thuer "t.i.;:.t;.e`nTs".art+ Y5,Yf-f~;;'e^;';       8 , :   With  blofertnlzer  (Azotobacter and  Azosp{rilJt/in
in  equal  proportions)

RESULTS  AND  DISCUSSION

Yield  of cl.op  (rice)  in  *har;f

The data on grain yield of rice (Table 3) in khartJ
indicated that the yield of rice was, in general, better
in  treatments  where  combined  sources  of  organic
and  inorganic  nitrogen  were  applied  compared  to
farmers'  practice   (T,)   and   full  dose  of  N  (T2).  The
trend  was  similar  at  all  the  experimental  sites.  At
Canning  the  application  of green  leaf (T5)  emerged
as the best treatment producing signiricantly higher
yield  of  grain  over  full  dose  of  N  (T2).  There  was
however no significant difference among the organic
matter  treatments  (T4-T8).   Biofertilizer  application

(Bo  and  a,),  however,  was  not  found  significant.
Lowest yield of rice was recorded under control (T]).
Ts  (leaves c)f locally  available  trees  +  urea)  emerged
as  very  effective  treatment  at  all  the  experimental
sites  except  in  Orissa  where  T4  (Seshant'a  +  urea)
emerged  as  the   best  treatment.   Application  of
biofertilzers showed significant positive effect on the

yield of rice at Vallapallam but it was not significant
at r)ther  locations.

experimental  sites  are  given  in  Table  2.

The experimental areas were  under`rice-based
cropping system,  and  hence  rice  (Oryza  sclt].I/cl)  was

grown  as  test  crop  during  khc{n/   (2001  and  2002)
on  all  the  experimental  sites,  In   khariJ both  the
organic  sources  and   inorganic   sources  of  N,   as
treatments,     were    applied     along    with     the
recommended  basal  doses  of P  and  K  for  the  area.
Micronutrients were not applied since the soils were
rich  in  micronutrients.     In  choosing  the  organic
sources   the   loc`ally  available   sources/waste
materials  were  given  priority.    In  the  following  rabi
season (2001-02 and  2002-03)  the residual effect of
organic  sources of nutrients applied  in  Jchari/were
tested. Thus,  in  rabt' season  no organic sources of N
were  applied,  only  the  inorganic  sources  of  N  were
applied  as  the  treatments.  The  subplot  treatments
(with  or. without  biofertilizers)  were  applied  in  both
the   seasons.    In    rabt.,   the   test   crops   in   the
experimental  sites  were  different,   since  the  test
crops were selected in accordance with the dominant
crop  sequences  followed  in  the  area  after  rice  in
kharl/.  The  crops  grown  in   rob!`  at  different  sites
were:   chilli   (C.aps{.cwm  arint/in/  and   lady's   finger

Table  1. Salient charactenstics of hot spot soils at different expenmental sites in the coastal regton

Characteristics West  Bengal Andhra  Pradesh Tamil  Nadu orissa

Texture Sic-sicl Sicl 1-slc sl

pH 6.5 8.i 7.8 5.7

CEC  (mmol  ptkg-I) 17.0 43.5 9.2 9.1

Ece  (dsm-I) 78 4.9 42 6.4

ESP 15 9`2 22,0 10.3

Org    C  (%) 0.8 0.7 0.4 0.9
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Table 2. Detolls of treatnents at different experrmental sites

Treatment West Bengal Orlssa Andhra Pradesh Tamil Nadu

Khorif RalJi Khanf Rabi Kharif Rabi Khanf Rabl

T  :  Farmcrs' practice 20kg 20kg Okg Okg 60kg Okg 50kg 50k8
I(urca in  I  split)

N  ha-I N  ha-I N  ha-1 N  hal-1 N  ha-I N  ha-1 N  ha-i N  ha-1

T  : Full Rccommendcd dose loo kg 120 kg 50kg 30k8 80k8 20k8 150 kg 150  kg
2of N  (urea in  3  splits)

N  ha-1 N  ha-I N  ha-1 N  ha-I N  ha-I N  ha-I N  ha-1 N  ha-I

T  :  Half of Rccormcnded 50kg 60k8 25kg 15kg 40kg 10kg 75kg 75kg
3dose  of N  (urea in  3  splits)

N ha-I N  ha-I N  ha-1 N  ha.I N  ha-1 N  ha-1 N  ha-1 N  ha-1

T  : I,ocally available orgamc Sesbania DoDoDoDoDo Sesbanie DoDoDoUSG Sesban[a DoDoDoDoDo Sesbanie DoDoDoDoDo

£urcc/unstematerials@5tha.I(onfreshwt.basis)+urca(3aplits)tomakefullrecommendeddoseofN(T2)T5:DOT6:DOT7:DOT8:DO +  ureaLcavcs  of + ureaLeaves of + ureaLeaves of + ureaLeaves of

local tree s** local trccs local trees local trees

+  ureaFYM+ \Ipomoea)+urcaFYM+ (Glyrlcidia)+ureaFYM+ (Dernsindica)+ureaFYM+

urea urca urea urea

Azolla  + USG Azolla + Azolla +

ureaC,tyCompost+urca 30kgNha-I urcaPress mud+urea ureaSpentwash+urca

** Equal mixture of Glgricidt'a sp.,  DeJonir sp.  and Geon  (Eroecaria   agal!ocha )

Tabl. 8. Grain  uield Of nee  (i ha:I) in kt\iir1[ at
difflereut locations  (pooled over 2 uec.rs)

Treatment Carming Gndakujang Ghantasala v8napallan
nyB) (Onssa) (AP) (TN)

T1- 3.11 4.62 3.96 4.17

T2 4.04 4.95 4.36 4.76

T3 3.66 4.89 3.54 4.76

T4 4.26 5.52 4.45 5.08

Ts 4.30 5.04 4.83 S.5l

T6 4.24 4.84 4.45 4.87

T7 4.29 4.940.24 4.23 4.87

T8 4.23 4.27 4.82

CDatp=0.05Bo 0.17 0.25 0.21

4.03 5.04 4.19 4.80

81 4.16 4.90 4.34 4.91

CDatp=0.05 NS NS NS 0.08

NS =  Non-slgnificant

Root den.ity of rice
The data indicated that the  root growth of rice

in  khari/ improved  considerably  (Fig.1)  due  to  the
application  of  organic  sources  of  nutrients  as
compared  to  inorganic  treatments  alone  (T]-T3).
Better  growth  of roots  might have  resulted  in  the
better  yield  of crops    than  those  under  inorganic
source  supplemented  treatments  (T4-T8 ).

I     I     =     I     a    a!     I     =
Tr®,'m®nts

Fb. 1. Root densfty Of nco at dderont treatments in *harf/ (Canning)
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Yield  of crops  in  rab/. S®ason

The   residual  effect  of  organic   Sources  of
nutrients  on  yield  of  different  crops  in  the   rabl'
season  was  also  signiricant .over  farmers'  practice

(T,), half dose of N  treatment (T3),  and even over the
full dose of N treatment (T2). As the trend was similar
in all the states,  the data for West Bengal (Canning)
only are presented here (Table 4)  for discussion. The
data€n the yieid of both chilli and lady's finger (rabi.
2002-03)  revealed  that  the  yield  of both  the  crops
was  highest due to  the residual  effect of green leaf
(T5)   +   urea  and  significantly.higher  than  other
treatments.  The  treatments  of  residual  effect  of
sesbani'a  (T4)   +  urea,   those   of  clty  Compost  (T8)  +
urea,  FYM  (T6)  +  urea and  azolla  (T7)  + urea showed
significant higher yield of both the crops over other
solely inorganic source of N applied treatments (Tr
T3).   However,   the  impact  of  the  treatments  with
residual  effect  of  organic  sources  (T4-  T8)   differed
among  themselves  in  Increasing  the  yield  of crops.
Unlike  khan/ season  the  application of biofertilizer

(Azofabc{c{er and  Azospt'n'JJum)  was  found  to  have  a
significant  positive  effect  on  the  yield  of  crops.
However,  the  interaction  effects  of biofertilizer and
treatments  (BXT)  were  not  significant.

Available  N,  P  and  K Status  of soil

There was a general increase in the available N
content of soils in all the treatments where combined
sources  of  N  (T4-T8  )  were  applied  (Table  5).  The
available  P  status  of  soil  also  showed  significant
improvement  in  inorganic  +  organic  treated  plots
(T4-T8)  at all  the  locations  compared  to  inorganic  N
treatments  (T]-T3).    The  results,  thus,  corroborate
with  the  observations  of  Prasad  et  a!.  (1984)  that
application of organic sources of nutrients enhanced
the release of natural sources of nutrients. The soil
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of  Ghantasala  (AP)   was  deficient  in  P  but  the
available P status of soil increased considerably due
to  application  of  combined  sources  of  nutrients.
IIowever,   the  effect  of  the  organic  sources  on
increasing  the  available  P  content  of  soil  differed
according  to  the  sources  used.  At  Canning,   the
available  K  content  of  soil  was  not  influenced
significantly  due  to  the  application  of  any  of  the
treatments but at Ghantasala and Vallapallam  the
available  K  content  of  soil  increased  significantly
when  both  the  inorganic  and  organic  sources  of
nutrients  were  applied  alone  and  in  combination.
The findings, thus, support the observation of Dubey
and  Verma  (1999)  who  observed  that  combined
application  of  organic  and  inorganic  sources  of
nutrients  improved  soil  fertility  and   produced
synergistic  effect  on yield  of crops.

Table 4. ¥ieid (t ha:I ) of  lcrdg's firLger and chilli
ifruit)  at Canning in rabi season (2002-03)

Treatment Lady's ringer Chllli  (green)

Bo a, Mean Bo a, Mean

Tl 6.20 8.56 7.38 I.03 I.52 1.28

T2 7.60 10.05 8.83 I.26 I.80 1.53

T3 6.79 9.60 8.20 I.15 1.47 I.31

T5 8.57 10.43 9.50 I.64 2.12 I.88

T6 8.33 9.78 9.06 I.42 I.78 I.60

T8 8.54 9.90 9.22 1.50 1.81 1.66

Mean 7.67 9.72 8.70 1.33 I.75 I.54

CDatp=0.058

0.061 0.055

T 0.072 0.064

BXT NS NS

NS  =  non-significant

Table 5. Auatlable nutnents in soil after the harvest Of ratL crop of
second year expe   ment at different localione

Treatments Canning,  WB Ghantasala, AP Vallapallan,  TN
N P K N P K N P K

Tl 261.0 16.8 520 260. I 5.7 355.2 157.8 15.6 352.6

T2 266.4 17.0 518 299.9 6.5 382.2 166.2 18.5 362.8

T3 263.9 17.I 522 220.9 5.4 348.4 165.7 16.6 359.8

T4 287.3 17.9 516 268.6 6.6 403.5 172.4 19.5 366.5

T5 296.7 17.9 520 295.1 7.9 412.6 184.3 23.2 363 . I

T6 283.2 18.6 515 273.2 7.7 393.0 181.0 18.2 364.8

T7 290. I 18.3 520 262.9 7.3 376.4 175.6 16.2 362.6

TB 293.5 18.3 518 267 . I 7.4 384.6 180.3 19.2 374.3

CD  at p=0.05 11.5 0.9 NS 10.5 0.40 7.9 I.2 0.7 2.4
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Soil  microbiological  parameters

The  soil  samples  collected  at  harvesting  stage
of  rice  were  analyzed  for  various  microbiological

parameters,  namely microbial biomass  carbon and
dehydrogenase activity to Indicate the total microbial
activity in  soil,  which in  turn,  indicated  the overall
soil  health  status.  Organic  matter  supplemented
treatments,  on  the  whole,  were  found  better  with
regard   to   soil   microbial   activity   (Table   6)     City
compost  +  urea  (T5)  emerged  as  the  best  among all
the   treatments   in   terms   of  all   the   microbial
parameters in case of Canning soil.  The findings of
these   experiments,   thus,   agree   the   views   of
Bandyopadhyay  and  Rao  (2001)   that  integrated
application  of  organic  and  inorganic  sources  of
nutrients  to  saline  soils  improved  the  soil  quality,
which  might  leaid  to   sustainable  higher  yield   of
Crops.

Table 6.  Dehydrogenase activrty  (|1g TPF g+I  h-1 )
after harvest of rabt crop and rnerot!Iql

biomass carbon in soil toool c)f 2 yeaTs' data)

Treatment Dehydrogenase  activity MBC

(„g  TPF  g-I  h-I) ("g  g-1  h-1)

Canning Ghantasala, Canning,
WB AP WB

Tl 2.22 19.5 106

T2 3.48 21.1 145

T3 2.72 18.2 126

T4 3.84 22.1 158

T5 4.55 20.I 193

T6 3.76 22.I 177

T7 4.27 19.5 178

T8 4.00 22.0 247

CD at pst.05 0.09 I.3 10.26
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Integrated Nutrient  Management  and  Planting Density
on the Productivity of Rice in Coastal Ecosystem

KURUVILLA  VARUGHESE  and  a.  RANI

Cropping  Systems  Research  Centre,  Kerala  Agricutural  University
Karamana  -695  002,  Thiruvananthapuram

An  experiment  was  condiicted   at  Cropping  Research  Centre,  Karamana  for  four  consecutive
seasons  trom  2001-02  to  2002-03  to evaluate  the  influonco  of farmyard  manure,  fertilizers  and
plant  density  on  rice  yield  in  the  coastal  rice  ecosystem.     The  study was  conducted  in  a  split
plot  design  witli  the  combination  of  manures  and  fertilizors  in  the  main  plot and  plant density
in  the  subplot.    A  linear  increase  in  rice  yield  was  noticed  with  an  increase  in  recommond®d
dose  of  fertilizer  (RDF)  above  25  or  50%.    Manuring  of  FYM  @  5  t  ha.1  and  plant  density  of  33
and  50   hills   per  sqLiare  meter  during  khar/.f  and   rob/.  soasons   registorod   significant  yiold
improvement.  The  soil  fertility  status  was  not  appreciably  influenced  by  the  treatments.  The
economic  analysis  revealed  that  a  commensurate  benefit  was  not  achieved   by  increasing
fertilizers above the  RDF  or  by  manuring  due to the  high  cost of these  inputs.

(Kesi  ulords  :  Rice,  IrLtegrated  nutnerLt  Tn,an,agement,  PlarLtirLg  density)

Rice area in  Kerala has declined from 32 percent
in  1974-75  to  about  10  percent  during  2001-02  and
has  caused  irreversible  transformation  to  the  fragile
coastal  ecosystem  of the  state.    Rice-rice  sequential
cropping  is  the  major  cropping  system  prevailed  in
the coastal ecosystem.   The crop removal of nutrients
is much  higher than its addition in  such area.   Long
term  fertilizer  experiments  conducted  at  different
ecosystems  have  clearly  revealed  that  the  combined
application of organic manures and chemical fertilizers
into  the  soil  leads  to  an  increase  in  productivity  and
sustains  soil  health  fol.  a  longer  period   (Nambiar,
1994).   Organic  source  of  nutrient  applied  to  the

preceding crop benefits the succeeding crop to a great
extent (Hegde and Dwivedi,1992). Since organic source
cannot meet the total nutrient requirement of modem
agriculture integrated use of nutrient seems to be an
alternate option. Lack of plant density is another major
constraint  noticed  in  the  farmers  field  in  achieving
the targeted yield.  Hence, a study was conducted with
a  view  to  the  optimise  combination  of  organic  and
inorganic sources of nutrients and plant density in a
rice-rice  cropping  system.

MATERIALS  AND  METHODS

The experiment was conducted at the Cropping
Systems  Research   Centre   of  Kerala  Agricultural
University, Karamana during the consecutive  khan/
and   rabl.  seasons  from   2001-02   to   2002-03.     The
soil  of  the  experimental  field  belongs  to  very  deep
type  tropofluvents,  sandy clay loam  in  texture with
a pH  of 5.5,  organic carbon of 0.69%,  and  11.2  and

48.5 kg ha-I  available   phosphorus and  potassium,
respectively.  The area enjoys a bimodal rainfall from
mid-May to the end of November with a total rainfall
of  1700  mm  per  annum.    The  experiment was  laid
out in  a split plot  design,  replicated  thrice,  keeping
combination  of  fertilizer  and  manure  (FYM)  levels
in  the  main  plot  and  plant  density  in  the  subplot.
The  fertilizer  level  included  the  recommended  dose
of fertilizers  (RDF)  of 90..45:45  kg ha-i  of NPK  as  Fl
and   125  and   150  percent  of  RDF  as  F2  and  F3,
respectively with no  manure control (MO).   FYM @ 5
t ha-I  and  7.5  t ha-i  (Ml  and  M2,  respectively)  was
applied during *hor!/season as other treatments in
the  main  plots.    The  subplot  treatments  comprise
of three  plant densities,  viz.  25,  33  and 41  hills per
square  meter  and  41,  50  and  63  hills  per  square
meter  as  D1,   D2  and  D3  during  kha7iJ and   rcibt
seasons, respectively. The test variety was Ai§warya,
a  medium  duration  rice  variety  resistant  to  blast
and  blight  disease,  and  BPH.    All  other  operations
were   done   as   per   the   package   of  practices
recommended  by  Kerala  Agricultural  University.

RESULTS  AND  DISCUSSION

Rice  yield

The  rice  productivity  was  remarkably  higher
during  khari/ season  and  an  increase  of 31.1°/a  in

grain  yield  was  noticed  over  rabt  season  (Table  1).
Though  the   biometric  characters  did  not  vary
between the seasons the partitioning of accumulated
dry  matter  varied  considerably  due  to  the  rainfall

pattern.    The  later  part  of  the  crop  growth  period
received  very  little  rainfall.
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Tabt!B  1. Yield Of nee (kg/ hc.) as \nfoueneed by fertilizers, rnar[ure ancl plant densitg

Fertilizercombinations Khanf Rabi

2001-02 2002-03 Pooled mean 2001-02 2002-03 Pooled mean

F1 4033 4059 4046 3352 2876 3114

F2 4225 4362 4294 3444 3146 3295

F3 4475 4485 4480 3474 3268 3371

CD(p=0.05)ManuresMO 123.33909 66.84212 92.I4061 54.73223 41.03045 49.I3134

M1 4326 4321 4324 3487 3163 3325

M2 4498 4372 4435 3559 3081 3320

C.D(p=0.05)PlantdensityDl 123.34205 66.84217 92.I4221 54.73333 41.03051 49.I3192

D2 4362 4449 4406 3552 3201 3377

D3 4166 4240 4203 3405 3037 3221

C.D(p=0.05) 67.i 38.2 50.1 49.9 25.1 38.2

q`a.to 2. Soil nutnent status clurmg k:hal±{ and riLb\ seasor\s Of 2002-03

Fertilizercombinations Kharif Rabi

Org.  carbon P K Org.  carbon P K

% (kg/ha) (kg/ha) % (kg/ha) (kg/ha)

F1 0.71 12.25 45.79 0.68 12.11 50.27

F2 0.70 10.82 47.97 0.68 11.37 55.20

F3 0.70 11.80 48.54 0.68 11.38 53.42

CD(p=0.05)ManuresMO NS0.69 NS12.12 NS45.20 NS0.68 NS12.10 NS54.31

M1 0.71 11.12 47.93 0.69 11.42 51.97

M2 0.71 11.63 49.17 0.69 11.34 52.61

C.D(p=0.05)PlantdensityDl` 0.010.70 NS11.51 NS49.76 NS0.69 NS11.80 NS51.57

D2 0.70 11.43 47.95 0.68 11.57 52.99

D3 0.7 11.92 44.59 0.68 11.49 54.33

C.D(p=0.05) NS NS NS NS NS NS

The  increased  level  of  RDF  showed  a  linear
response  in  grain yield  during the  khar[/and  robt.
seasons  indicating  that  present  RDF  was  not
sufricient to attain enhanced yield under continuous
cropping  of  rice.    A  similar  trend  of yield  due  to
higher nutrient application  above  the  present RDF
was reported from  the various centres of AICRP on
cropping  systems  (Anon.,  2003).

The effect of manuring either at 5  or 7.5 t ha-I
during  khan/ and  its innuence during  mbi season
indicate  that  its  impact  was  appreciable  on  grain
yield over no manuring.   It is also evident that there

was no variation  in yield  between  the  two  levels  of
manuring.

Among  the  three  plant  densities  tried  33  aLnd
50  hills  per  square  meter  during  khari/ and  rob{
seasons recorded appreciably higher yield  over lower

plant  densities.

Soil  fertility

The  innuence  of  treatments  on  soil  fertility
status at the end of khan/and rob{ seasons of 2002-
03 are given in Table 2.  The organic carbon content
of  FYM  applied  treatments  recorded  a  significant
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Table 3. Econormcs of effect of treatments  on nee yteld toooled neon of four seasons)

137

Fertilizercombinations Khanf Rabl
Fixed  cost Variable cost Total  cost Gross Income Net  Income B:C

(Rs/ha) (Rs/ha) (Rs/ha) (Rs/ha) (Rs/ha) ratio

Fl 19790 2506 24816 33160 8344 I : I.34
F2 19790 3307 25617 33986 8369 i : I.33
F3MainurcsMO 1979023065 40142520 2632423065 3470433654 838010589 I : 1.32I:45

Ml 23065 25585 634312 9277 I:37
M2Plant densityDO 2306518785 50406560 2810525345 3671233652 86078307 I:31I:I.33

D1 18785 6800 25585 34290 8705 I : I. 34
D2 18785 7040 25825 33509 7684 I : I.30

Improvement over control during the  khari/`seasons.
Variation in fertilizers, manure and plant population
did  not  innuence  the  soil  fertility  after  two  year

period  of experimentation.

Economics,

An  increase  in  RDF recorded  a  slight increase in
net income.   However the B:C ratio indicated a reverse
trend  indicating  that  a  commensurate  benefit  on
additional  expenditure  due  to  increased  application
of fertilizer  was  not  attainable.  In  case  of manuring
the net income and B:C ratio was less as compared to
no  manuring  treatment  which  indicated  that  short
term  benefit  in  yield  was  not  attainable  through
manuring.  The  plant  density  clearly  revealed  that

either the recommended plant population or its lower
level  was  economically  viable  based  on  the  data  on
net income  and  B:C  ratio  (Table 3).
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Yield, Soil Properties and Quality of Coleus  (Co/eus fors4offl. briq.)
Influenced by Orgarics and Inorganics in the Coastal

Thoothukudi District of Southern Tamil Nadu
J.  PRABHAHARAN  and  S.  SURESH

Agricultural  College  &  Research  Institute,  Tamil  Nadu  Agricultural  University
Killikulam  -628  252,  Tamil  Nadu

The m®dicinal coleus  is gaining momentum among the farmers  of coastal  districts of Southern
Tamil  Nadu  especially  in  dry  tracts  diie  to  its  high  export  potontial.  A  field  experiment  was
conducted  in  the  Alfisol  during  2004-05  to  study  the  effect  of  organics  and  inorganics  on  the
yields,  quality  of  Coleus  (Co/eus  forskoh/I.I.  Brlq.)  and  soil  fertility  ln  the  coastal  Thoothukudi
district.  The  experiment  was  laid  out  on  a  randomized   block  design  with  two  factors,   yl.z.
fortmzors and  manures. The levels of fertilizer were 0,  50% and  100%  NPK. The organic  maniiro
t6e:!m5etnthsa¥:rpeocu?tnj`°J;:eurr:ja°T?::t..?a5ntdhfaa;Lby'a°r-:':SasnT:ed8,765t`hhaa..'i:emrpe°ssut:tdr:::rap,I::

that the  highest oil  content (0.83  a/®) was  rocordod with the application  of poultry manure alone
@  5  I  ha-1.  However,  the  highest  yiold  of  o8sontial  oil,  tuberous  roots  and  Shoot  biomass  per
hectare was obtained  with  the  combined  applicatlon  of 100  ''/a  NPK  +  poultry  manure @ 5 t ha" .
The  soll   available  N   increased   due  to  the  application   of  100   %   N,   P,   K  fortilizer  along  with
poulti.y  maniire  @  5 t  ha-..  However,  marginal  increase was observed  with  soil  availabl. P  and
K.  The  highest so„  organic  carbon  was  registered  with  the  application  of  composted  coirpith
at the rate of 12.5 t ha-1. The maximum  benefit-cost ratio of 3.73 was registered with the combined
application  of  100  °/a  NPK  along  with  poultry  manure  @  5  I  ha.1.

(Keg  u)ords  :  Coleus,  Orgamc  manures.  Inorganic feriiltzers,  Crop  u\eld,  Ou  con,terLt  &  yielcl,  So\l
properties)

In Tamil Nadu  medicinal coleus is grown in an
area  of about  600  ha  with  the  total  production  of
1000 tonnes of dried tuberous roots. The dry climatic
condition prevailing in the coastal tracts is conducive
for  growing  this  crop.  Therefore  a  field  experiment
was taken up to find  out the Influences of organics
and   inorganics   on   the   yield   of  coleus   (CoJetJs

/orskoh!t'i)  crop,  changes  in  soil  fertility  status  and
economics  in  the  coastal  Thoothukudi  district  of
southern Tamil  Nadu.

MATERIALS  AND  METHODS

Field experiment was conducted in 2004-05 on
sandy   clay   loam   soil,   classified   under  Typic
Haplustalf.  The  soil  was  low  in  CEC  {18.3  cmol  (p+)
kg-`}.  The  fertility  status  of  the   soil  was  low  with
respect to organic carbon  (0.40 %),  available N  (191
kg  ha-I)  and  P  (10.6  kg  ha-I)  status.  The  available
K  (230  kg ha-I)  status  was  medidm.

The treatment details are:  MOFo -Control,  MOF2

a[°5°:y°hNa?r(a:_°v5e:±:c:::);sT3o-5Vterhma`i°+mg8%
NPK,  M,F`2-Vermicompost  @  5  t  ha-1  +   100%  NPK,
M2Fo  -   Bio-pressmud   @   7  5   t   ha-1,   M2F,-   Bio-

pressmud  @   7.5   t  ha-I   +   50%   NPK,   M2F2   -   Bio-

pressmud   @   7.5   t   ha-I    +    100%   NPK,   M3Fo  -
Composted coirpith @  12.5 t haul,  M3F,  -Composted
coirpith @  12.5 t ha-1  +  50% NPK, M3F2 -Composted
coirpith  @  12.5  t  ha-1  +   100%  NPK,  M4Fo  -Poultry
manure @ 5 t ha-I, M4F] -Poultry manure @ 5 t ha-I  +
50°/o NPK,  M4F2  -Poultry  manure @  5 t ha-I  +  100%
NPK,  M5Fo  -Farmyard  manure @  10  t  ha-1,  M5F]  -
Farm  yard  manure @  10  t  ha-I  +  50%  NPK,  M5F2  -
Farmyard  manure  @   10  t  ha-1   +   100%  NPK.  The
organic manures,  Lii`z  Vermicompost, Bio-pressmud,
Composted coirpith,  Poultry manure and Farmyard
manure  were  applied   and   incorporated   in   the
respective plots  seven days prior to  planting as per

pre-determined  design  at  scheduled  rates.

The  recommended  dose  of NPK @  40:60:50  kg
ha-I  was applied  in  the  form  of urea  (46%  N),  single
superphosphate  (16%  P205)  (SSP),  and  muriate  of

potash    (60%    K20)     (MOP).    Fifty    percent    of
recommended dose of N was applied at 20 days after

planting  and   the   rest  at  30   days  after  first
application.  The  full  dose  of  P  &  K  was  applied  as
basal dressing. The yield of tuberous root and shoot
biomass were  recorded  at harvest.  The  soil  fertitity
status was also studied after the harvest of the crop
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by adopting standard  procedures.  The essential oil
content in  tuberous roots  was estimated  by  hydro-
distillation  in  Cocking and  Middleton apparatus.

RESULTS  AND  DISCuSSION

Tuberous  roots  yield

The   application   of  inorganic   fertilizers
showed significant influence on the yield of tuberous
roots  (Table   I).  The  significantly  highest  yield  of
tuberous  roots  (13.0  t  ha-I)  was  recorded  with  the
application of 100 percent recommended dose of NPK
fertilizer. The different organic manures also showed
significant influence  on  the yield  of tuberous  roots.
The application of poultry manure @ 5 t ha-I recorded
significantly  highest yield  of tuberous  roots  (13.5  t
ha-I).   The   interaction   effect  of  fertilizers   and
manures  also  showed  significant  influence  on  the
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yield  of  tuberous  roots.  The  significantly  highest
yield of 17.3 t ha-I  was obtained with the application
of loo percent recommended dose of NPK fertilizers
along with poultry manure @ 5 t ha-t . The significant
effect was  due  to  combined  application  of organics
and     inorganics     might    be     due     to     higher

photosynthates  produced  by  the  crop.  The  poultry
manure   along   with   inorganic   NPK   fertilizers
application increased  the plant height and  number
of  laterals   per   plant,   thereby   enhanced   the
photosynthetic  activity.   Similar  findings  was  also
reported by Sundharaiah  et al.  (2000) and Nair and
Mohandas (2003).  Dutt (1999) while supporting this
idea  stated  that  reason  for  increased  productivity
by  organic  manure  application  was  due  to  its
richness   in   plant   nutrient   status   Including
micronutrients and  plant  growth  hormones.

Table  1. B]:fiect Of organics and inorgarues on the yield (i ha-I ) Of tuberous roots and shoot biomass in coleus

Tuberous roots  yield

Treatments Control 50%  NPK 100%  NPK Mean

(Fo) (F,) (F2)

Mo          Control 5.50 6.60 8.80 6.97

M,          Vcrmicompost@5tha-1 7.50 10.3 12.7 10.2

M2          B1o-pressmud@7.5tha-I 7.50 11.I 15.5 11.3

M3          Compostedcoirpith(I)  12  5tha.i 6.70 8.20 12.3 9.23

M+          Poultrymanure@5tha-i 8.35 14.8 17.3 13.5

M5          Farmyard  Manurc@10  tha-I 7.10 9.20 11.1 9.12

Mean 7.11 10.I 13.0

SEm±      CD  (atp=0.05)

M                0.42            0.9

F                 0.30           0.6

MXF          0.74             I.55

Shoot bfomass yield

Treatments Control 50%  NPK 100%  NPK Mean
(Fo) (Fl) (F2)

Mo          Control 33.4 403 46.I 39.9

M,          Vermicompost@5tha-I 42.I 573 65.7 55.0

M2          Bio-pressmud@7.5tha-1 42.7 59.4 715 57.9

M3          Compostedcoirpith@  12.5tha-1 37.3 48.4 65.0 50.2

M4         Poultrymanure@5tha-l 44.2 68.0 71.9 61.3

M5         FarmyardManure@10  thai 41.7 51.6 61.3 51.5

Mean 40.2 541 63.5

SEm±      CD(atp=0.05)

M                 2.04             4.3

F                   144            3.0

MXF           3.53            7.4
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Shoot  biomass yield

The significant influence of shoot biomass yield
was noticed with the application of organic manures
and   NPK  fertilizers   (Table   I).   The   significantly
highest  shoot  biomass yield  of 63.5  t  ha-I  recorded
due to the application of loo percent recommended
dose  of NPK  fertillzers  was  followed  by  50  percent
recommended  dose  of  NPK  fertilizers  (54.1   t  ha-i).
The application of organic manures also significantly
increased  the  shoot  biomass yield  from  39.9  t  ha-I
to  61.3  t  ha-I.  The  highest  shoot  biomass  yield  of
61.3  t  ha-1  was  obtained  with  the  application  of

poultry  manure  @  5  t  ha-I  which  was  at  par  with
the  application  of bio-pressmud @  7.5  t ha-I  (57.9  t
ha-I). The interaction of fertilizers and manures also
showed  significant  influence  on  the  shoot  biomass

yield.  The  highest yield  of 71.9  t  ha-I  was  obtained
with  the  application  of  100  percent  recommended

dose  of  NPK  along  with  poultry  manure  @  5  t  ha-i.
Increased avallability of macro and micronutnents by
organic manures for better growth is c`onsidered to be
the reason for the enhanced yield. Smith ( 1950) stated
that  nearly  60  percent  of the  nitrogen  is  present  as
uric acid in poultry manure, which readily changes to
ammoniacal  form  of nitrogen  and  becomes  available
to plant. This resulted  in increased  growth and yield
of plants. Further, the ready supply of macronutrients
from  NPK fertilizer promoted  higher yield.

EsSential  oil  content and  yield

The  application  of  NPK  fertilizers  and  organic
manures  showed  significant  influence  on  yield  of
essential  oil  in  coleus  (Table  2).  The  application  of

poultry  manure  @  5  t  ha-I  recorded  the  highest
essential oil yield of 18.3 lit ha-I . Among the fertilizers,
100%  recommended  dose  of NPK  fertilizers  recorded

Table 2. Ej:feat of organies and morgamcs on yield of essential orl in coleus and soil oTgaric carbon
B..eDtl.I oil  yield  (lit  ha.t|

Treatments Control 50O/o  NPK 100%  NPK Mean
(Fo) (F,) (F2)

Mo         Control 4.59 8.09 9.10 7.26
M[          Vcrmicompost@5tha-I 10.5 11.7 14.0 12.0

M2         Bio-pressmud@7.5tha-I 9.78 13.2 16.9 13.3

M3          Compostedcoirpith@  12  5  tha.I 8.28 9.87 13.2 10.4

M4         Poultrymanure@5tha-I 12.4 18.0 24.7 18.3

M5         Farmyard  Manure@10  tha.I 9.10 10.5 11.5 10.4

Mean 9.09 11.9 14.9

SEm±      CD(atp=O.05)

M                0.86            I.8

F                   0.61              1.3

MXF           I.48            3.I

Soil or-I.nlc  c.rbon (%|

Treatments Control 50%  NPK 1 0 0 0/o  N P K Mean
(Fo) (F,) (F2)

Mo         Control 0.269 0.300 0.331 0.300
M,         Vermicompost@5tha.1 0.396 0.363 0.363 0.374
M2          Bio-pressmud@7.5  tha.I 0.363 0.394 0.394 0.384
M3          Compostedcoirpith@  12.5  tha-I 0.460 0.457 0.474 0.464
M4         Poultrymanurc@5tha-I 0.393 0.410 0.443 0.415

M5         Farmyard  Manure@10  tha-I 0.363 0.410 0.394 0.389

Mean 0.374 0.389 0.400

SEm±      CD(atp=0.05)

M                0.02            NS

F                  0.01            0.03

MXF          0.03            NS
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highest yield of  14.9  lit ha-I.  In  the  interaction effect,
the  100°/a recorded dose of NPK+ poultry manure @ 5 t
ha-I  recorded highest yield  of 24.7 lit ha-1. This could
be  attrlbuted  to  the  better use  efficiency  of nutrlents
as reported by Singh  et ci!.  (1973).  However, the result
revealed  that  the  highest  oil  content  (0.83%)  was
recorded with the application of poultry manure alone

@  5  t  ha-1.  The  maximum  benefit-cost  ratio  of 3.73
was registered with the combined application of 100%
NPK with poultry manure @  5  t ha-I .

soil  properties

The  application  of  different  organic  manures
showed   significant  influence   on   the  soil  organic
carbon  (Table  2).  The  values  ranged  from  0.30  to
0.46   percent.  The  composted   coirpith  registered
significantly higher soil organic carbon content (0. 46

percent)   than  the   other  treatments.  This  was
followed    by   poultry   manure    (0.42    percent)
application.   The   highest   organic  carbon   was
obtained under highest application of coirpith @  12.5
t  ha-I.  Similar  result  was  obtained  by  Paramasivan
(2002).  The  soil  available  N  was  increased  by  the
application of 100% N, P, K fertilizer along with poultry
manure @  5  t ha-1.

Srivastava   (1985)   opined   an   appreciable
increase   in   soil   available   nutrients   with   the
application of poultry manure  and  Its  performance
was  better  than  the  FYM.   F`urther,  the  combined
application  of  100%  NPK  with  poultry  manure
reduced  the  loss  of  Inorganic  fertilizers  due  to
chelation and immobolisation, which favoured slow
and  steady release as reported  by Kale  ef a!.  (1992).

The  highest  benefit-cost  ratio  was  recorded  in
loo  percent  recommended  dose  of  NPK  fertilizers
along with poultry manure @ 5 t ha-I. The increased
yield  of  tuberous  roots  due  to  the  better  nutrient
availability recorded with the above treatment could
be  the  reason as  stated  by Talashilkar  ef al.  (1997).

141

REFERENCES

Dutt Chalsani ( 1999).  Coconut farming-growing the
orga,nic  wa,y.   Agriculture  and  Industry  Survey
IX(6):   22.

Kale,   R.D.,   Bano,   K.,   Sreenevasan,   M.N.   and
Bhagyaraj,  D.J.  (1992).  Influence  of warm  cast
on  the  growth  and  mycorhizal  colonization  of
two ornamental plants. South Indian Homculture
35:  433-437.

Nair,   G.M.   and   Mohandas,   C.   (2003).   Agronomic
investigation on the growth and yield of Coleus

.      |Solenostemon rotundif olius|. In An"al Report,
CTCRI,  pp.  45-47.

Paramasivam,  M.  (2002).  Effect of organic  manure
and  inorganic  manure on  soil properties,  yield
and quality of bhendi in alrisols of Tamiraparani
tract.  M.Sc./Ag./ Thesis, Tamil Nadu Agricultural
University,  Killikulam.

Singh,   K.,   Gill,   I.S.   and   Srivastava,   O.P.   (1973).
Studies  on   poultry  manure   in   relation   to
vegetable  production  in  potato.  Jndl.an iJotJma!

Of Horticulture 80..  537-541.
Smith, R.  (1950).  Poultry manure-a fertilizer.  PozJ/try

Digest 9:  550-551.

Srivastava,  O.P.   (1985).   Role  of  organic  matter  in
so\l  [ertL\ity.   Indian  Journal  of  Agricultural
Chemz.sfrgr  18:   10-15.

Sundharaiya  ,  K.,  Nainar,  P.,  Ponnuswami,  V.,  Jaya
jasmine,  A.  and  Muthuswami,  M.  (2000).  Effect
of inorganic nutrients and spacing on the yield of
marunthukathiri  (SoJanum  khasianum  Clarke).
SoLith Jrrdian Hor{icuJfure 48( I -6) :   168-171.

Talashilkar,  S.C„  Dosani,  A.A.K.,  Mehta,  V.B.  and
Powar, A. G. ( 1997) . Integrated use of fertilizers and

poultry  manure  to  groundnut  crop.  Jottmal o/
Maharasfro Agn.ouJfurd Unl.uersfty 22 (2) : 2 05-207 .



/.  Jridlan Sac.  Coastal agric.  Res.,  24(1),142-145,  2006

The Effect of Azolla and Blue Green AIgae on Yield of Rice and
Subsequent  Crops  on  Coastal Saline  soils

a.  K.  BANDYOPADHYAY,  D.  BURMAN,  D  GHORAl  and  A.  MAJUMDER

Central  Soil  Salinity  Research  Institute,  Regional  Research  Station
Canning Town.  South  24  Parganas  -743  329,  West  Bengal

ln  field  experiments  on   coastal  saline  sons   of  Sundarbans,  West  Bengal   azolla  (Azolla
microphylla)  and  I.luo  groom  algae  (Nostoc  sp.)  wore  applied  to  rice  (cv.  Swarna)  in  kharjf at
different  doses  of inorganic  N fertilizer (20,  50,100  kg  N  ha-.  as  urea).  Tlie  various  treatments

i::°o:I;S:hit:;::#n;:;{§¥;,a:1:!P§:i:i;i:,:ia5:;:Zi°i!{:i:;ih;;:i;s!:3;T};::i'§,i(lib::Z:;'i;)ih!;ili{'!;i:i:;:i:::i::;i;i:i:jj!it;1;+t::;i:i::
green  algao  (Wostoc  sp.)  inoculated  in  soil.  In  rabi.  the  I.osidual  effect  of  I)iofertilizors  (azolla
and  I)luo  green  algaa)  applied  in   knari.f wore  test.a  on  chnH  and  lady's  ling.r  grown  with
rocommendod  dose  of  fortilizor  (120  kg  N  ha-.)  appllod  a§  urea  in  3  splits  equally  to  all  the
troatmont§. The results indicated that the yield of rice at different lovels of inorganic N fertilizer
increased with the application of biofertllizers. Among th. treatments the combiriation of azolla
and  blue  gr.en  algae  produced  better yield  of  rice  at  all  levels  of  inorganic  N  fertllizers.  The
residual  effect  of  N  fertillzors  as  well  as  that  of  biofertiliz.r§  was  significant  on  the  yield  of
subsequeilt rabi. crops. The ettects of the treatments  on  §alinity and  organic  carbon  content ot
soil were  not Significant.

(Key uord.: Azolla, Blue green algae,  13iofertilizer)

Although coastal  saline  soils are  deficient in  N
the  efficiency  of  N  fertilizers  is  very  poor  due  to
salinity  in  soil,  poor  water  management  options,
deep waterlogging with no demarcation between the
plots during  kharir,  etc. The poor marginal farmers
hardly  apply  chemical  fertilizers  due  to  their  poor
efriciency. As a result, the yield of crops in the region
is  one  of  the  poorest  in  the  country.   Under  this
situation  use  of  biofertilizers  like  azolla  and  blue
green algae may be quite effective in increasing the
yield  oi  rice  in  wetland  rice.   Prasad  et  a!.  (1990)
observed  that  integrated  nutrient  management  is
required  for  achieving  better   N   fertilizer  use
efficiency  of  rice.  Green  manures  can  contribute
substantially  to  the  nitrogen  requirement  of  rice.
Satapathy  (1996)  reported  increase  in  rice  yield
when  azolla  was  applied  along  with  N  fertilizer.
Gopalas'.-v.my et al.  ( 1997) observed higher efriciency
of  N  .eit''i`zer  when  blue  green  algae  was  applied.
Dubey  Ai,d Sharma (1995)  reported  that azolla and
blue gree:I algae can be effectively utilized for partial
meeting of N requirement of rice. Similar observation
was also reported by Mahapatra and Sharma (1998).
Singh   et  a!.   (1988)  reported  improvement  in  soil
fertility and  N  uptake  by  rice  due  to  application  of
Seshania,  azolla  and  blue  green  algae.   Mandal  ef

ci!.   (1999)  observed  that  application  of  azolla  and
blue  green  algae  to  wetland  rice  field  brings about
several changes in physical, chemical and biological
properties of soil and soil-water Interface which are
conducive for increasing the yield of rice. The present
experiment  was  conducted  to  study  the  direct  and
residual effect of azolla and blue green algae  applied
to  rice  in combination with  the  inorganic  N  fertilizer
on  soil  fertllity  and  yield  of  crops  under  rice  based
cropping system in coastal saline soils of west Bengal.

MATERIALS  AND  METHODS

Field  experiments  were   conducted   at  the
experimental  farms  of  CSSRI,   Regional  research
Station,  Canning  and  KVK,  Ramkrishna  Ashram,
Nimpith in the  district of South  24-Parganas, West
Benga.I.   Both  the  experimental  soils  represented
typical  coastal   saline   soils   of  West  Bengal  and
taxonomically  r`all under  the  order of Entisols  (Fine
mixed  hyperthermic  Typic  Endoaquents  and  Fine
loamy  mixed   hyperthermic  Aeric   EndoaLquents,
respectively).  The  soils were fine  textured  (silty clay
and silty clay loam, respectively) , both saline, almost
neutral  in  pH  (7.0  and  7.9,  respectively),  medium
in   nitrogen   (total   N   0.07   and   0.06   percent,
respectively),  and  organic  C  (0.6  and  0.65  percent,
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respectively),  but rich in  available  P  (24.2  kg and  K
580 kg K ha-I , respectively). The soil of Canning (Ece
7  8  ds  in-I)  was  more  saline  than  that  of  Nimpith

(Ece  5.2  ds  in-I).  Split-plot  design  was  followed  for
the  field  experiments  at  both  the  locations.  There
were  two  main  plot  treatments  (with  and  without
Sesbani.ci/,   9   subplot  treatments  with  various
combinations  of inorganic  N  (urea)  and  biofertilizer

(azoHa and blue green algae) and 3 replications. The
details  of  the  treatments  for  both  khart/and  rab!.
are  given  below.

1.  Kharif season

A.  Main  plot treatments

S*  :     With  Sesban]a  (Sesbclritcl aculeafa @  10  t  ha-t
on  fresh  weight  basis)

WS*   Without  Sesbcim.a

a.  Subplot treatments

T].    20  kg  N  ha-I  applied  through  urea  as  basal

T2;    T]     in    combination    with    azolla    (Azozja
ml.craphgr!!a)  @  1  t  ha-i  (fresh  weight basis)

T3:    T]  in  combination  with  azolla  @   1   t  ha-I   and
blue  green  algae  (IVostoc  sp.)  inoculated  in  soil

T4.    50 kg N ha-I  applied through urea in three splits

T5     T4 in  combination  with  azolla @  1  t ha-I

T6:    T4  in  Combination  with  azolla  @   1   t  ha-1   and
blue  green  algge  (IVostoc  sp.)  inoculated  in  soil

T7:    100 kg N ha-t applied through urea in three splits

T8:    T7 in  comblnation  with  azolla @  1  t ha-I

T9:    T7  in  comblnation  with  azolla  @   1   t  ha-I   and
blue  green  algae  (IVosfoc  sp./  inoculated  in  soil

11.  Rab; season

A.  Nlajn  plot treatments

The  residual  effect  of  S*  and  WS*  treatments
applied  in  khcinJwas  studied

8`  Subplot treatments

T,-T3  . 20  kg  N  ha-I  applied  through  urea  as  basal

T3-T6  . 80 kg N ha-I  applied  through urea in 3 splits

T7-T9:   160   kg   N   ha-i   (Full   recommended   dose)
applied  through  urea  in  3  splits

Rice   (cv.   Swarna)   in   khcir{/ and  in   rclbl.,  chilli

(cv.   Suryamukhi)   and  lady's  finger  (cv.  Anamika),
were  grown  as  test crops.  In  khari/all  the  organic
(Sesbanicz, azolla and blue green algae) and inorganic
(urea/  sources  of  nitrogen  were  applied  but  in  rcibl.
no  organic  sources  were  applied  but  the  residual
effects of the organic sources applied in  khan/were
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studied.   However,  inorganic  sources  of  nutrients
(urea)  were  applied  as  per the  treatments.  A  basal
dose of P in the form of single superphosphate @ 20
kg  P205  ha-I   was  applied  both  in   khari/ and   rob{.
seasons.  K  was  not  applied  as  the  soils  contained
high  quantity  of  available  K  and  there  was  no
response of K fertilizers.  Soil samples fr,om the fields
were analyzed for salinity, pH, organic carbon, total
N,  available  P and  K following standard  methods.

RESULTS  AND  DISCUSSION

Kharif season

Grain and straw y.Ield of rice
The grain yield  data of rice were pooled over the

two locations and analyzed statistically. The main plot
effect,   i.e.   application  of  Sesban[.a  resulted  in
signiricant  increase  in  grain  yield  of nce  (Table  I).
Application of azolla proved  to be very beneficial in
influencing  rice  yield  at  all  levels  of  inorganic  N

(urea)  application.  Application  of azolla  along  with
blue  green  algae  also  improved  the  yield  of  rice
significantly when combined with  loo  kg N  (T9)  but
not with  20 kg N  (T3)  and  50 kg N  (T6).  Highest yield
was  obtained  under  the  treatment  of  loo  kg  N  +
azolla  +   blue  green  algae   (T9).  The  crop  yield  at
Nimpith  was  marginally  better  than  at  Canning,
which may be due  to lower soil salinity at Nimpith.

The initial salinity of soil decreased to <  Ece,  2
ds  in-I  in  both  the  locations  during  *har!/ season
due  to  waterlogging  and  washing  following  the
monsoon  rains.  The  soil  salinity  increased  again
during  harvest  of  khcin/ rice  at  the  cessation  of
monsoon rains. However, the effect of the treatments
on the differences in pH and salinity of soil was not
significant   (Table   2).   The   effect   of   S€sbania
application (main plot treatment) on organic carbon
content  of the  soils  was  statistically  significant  at
both the locations (Table 2). There was also a definite
increase of organic carbon content of soil due to the
application   of  azolla   (subplot  treatments).   The
interaction  effect  of the  main  plot  and  the  subplot
treatments were, however, not significant. Thus, the
application of biofertilizers like azolla and blue green
algae is very effective in increasing the  fertility and

yield of crops on coastal salt affected soils although
the  treatments did  not influence  the  salinity of the
soils.  The  increase  in  yield  was  probably  due  to
better  efficiency  of the  fertilizers  as  well  as  due  to
improvement of the  microbial  health  of the  soil  on
application  of the  biofertilizers  as also observed  by
others  (Prasad  et a!.,   1990),  Mandal  ef aJ.,   1999).
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Table  1. Gram y\eld (t ha-I ) Of nee under differeut treatments dunng khar±{
(combined over two locattons, i e.  Canning and Nimptth)

Treatment
With  Sesbania  (S) Without Sesbania  (WS) Mean  ofCanning Mean  ofNimpith Mean  oftwolocations

Canning N,mpith Mean Canning Nimpith Mean

Tl 2.62 3.15 2.89 2,44 3.05 2.75 2.53 3.10 2.82

T2 2.86 3.19 3.03 2.64 3.17 2.91 2.75 3.18 2.97

T3 2.97 3.30 3.14 2.69 3.28 2.99 2.83 3.29 3.06

T4 3.26 3.36 3.31 2.84 3.34 3.09 3.05 3.35 3.20

Ts 3.71 3.35 3.53 3.36 3.35 3.36 3.54 3.35 3.45

T6 3.80 3.45 3.63 3.47 3.43 3.45 3.64 3.44 3.54

T7 3.49 3.53 3.51 3.46 3.52 3.49 3.48 3.53 3.51

T8 3.56 3.75 3.66 3.50 3.64 3.57 3.53 3.70 3.62

T9 3.81 4.05 3.93 3.40 3.79 3.60 3.61 3.92 3.77

Mean 3.34 3.46 3.40 3.09 3.40 3.24 3.22 3.43 3.32

CDatp=0.05                                  S:  NS                                   SxT:  NS                                        LXT:  0.234 L:  0.14

T:0.12                                 LxS:NS                                         I,xSxT:NS

NB:  S,  Main plot treatment,  Sesbanla., T,  Subplot treatment;  L,  Location

Table 2. Soil organic carbon, salinity and pH at harvest

Treatment Soil  Organic  C  (°/o) Canning Nimpith

Canning Nimpith pH ECc(dsin-I) pH Ece(dsm`)

S| WS* Mean S* WS* Mean

Tl 0.77 0.68 0.73 0.82 0.78 0.80 6.83 5.I 6.95 4.95

T2 0.78 0.76 0.77 0.85 0.82 0.84 6.35 5.3 6.95 4.95

T3 0.81 0.78 0.80 0.86 0.82 0.84 6.43 5.2 7.10 4.10

T4 0.76 0.71 0.74 0.81 0.79 0.80 6.78 5.0 6.85 4.85

T5 0.84 0.86 0.85 0.83 0.81 0.82 6.53 5.3 6.78 4.78

T6 0.85 0.79 0.82 0.86 0.83 0.85 6.38 5.3 6.93 4.93

T7 0.78 0.73 0.76 0.79 0.78 0.79 7.05 5.1 6.90 4,90

T8 0.80 0.78 0.79 0.85 0.82 0.84 6.40 5.3 7.00 4.00

T9 0.79 0.76 0.78 0.84 0.81 0.83 6.38 5.2 6.90 4.90

Mean 0.80 0.76 0.78 0.83 0.81 0.82 6.57 5.2 6.93 4.93

CD  at p=0.058

0.02 0.009 NS NS

T 0.04 0.03 NS NS

BXT NS NS NS NS

NB,  S,  Main  plot treatment,  Sesbania; T,  Subplot treatment; S*,  Sesbania; WS*,  Without  sesbania

Rabi Season-Chilli yield (combined over locations) showed

(Table  3)  that  application  of azolla  +   loo  kg  N  ha-I
(T8)  and  azolla  +  blue  green  algae  +   loo  kg  N  ha-1
(T9)   resulted   in   highest  yield   and   both   the
treatments were at par.  Lowest yield was obtained
at T].  The  effect  of main  plot  treatment  was  not
significant.  Since  the  results  in  case  of yield  of
lady's finger were  similar in  trend  to that of chilli

the  data  on  the  yield   of  lady's  finger  are  not
presented.

It was,  therefore,  concluded that azolla and blue
green algae may be a prospective and cheap alterna.tIve
to chemical fertilizers for coastal soils for higher crop
yields. The residual effect of azolla and blue green algae
is also significant and they incl.eased the orgamc matter
content  of  the  soils,  which  may  lead  to  sustainable
Increase in yield of crops through ecofriendly approach.
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Table  3.  Mean yield of challi (i hc[] ) during rabi
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Subplottreatment With  Sesbania  (S) Without Se§bania  (WS) Location  (L) Mean
Cannlng N-plth Mean Canning Nimpith Mean Canning NimpithI.33

Tl 1.IS I.42 1.29 1.09 1.24 I.17 I.12 I.23
T2 1.42 1.61 I.51 I.31 I.42 1,37 I.37 I.52 I.4S
T3 I.43 I.62 1.53 I.35 I.41 I.38 1.39 I.52 I.46
T4 1.39 I.79 i.59 I.40 1.59 1.50 I.40 1.69 I.55
T5 I.51 I.90 1.70 I.50 I.69 I.60 I.51 I.80 1.66
T6 1.69 2.00 I.85 1.59 I.78 I.69 I.64 I.89 I.77
T7 I.56 2.21 I.89 I.59 1.92 1.76 1.58 2.07 I.83
T8 I.81 2.46 2.14 I.71 1.99 I.85 I.76 2.23 2.00
T9 I.89 2.41 2.15 I.88 2.00 1.94 I.95 2.21 2.08
Mean 1.54 1.94 I.74 1.49 I.67 I.58 1.52 I.81 I.67

CDatp=0.05                                   S  :  NS                                             SxT:  NS                                   LXT.  0234                              L:0.14

T:0.12                                            LxS:NS

NB:  S,  Main  plot treatment,Sesbam'a; T,  Subplot treatment;  L,  Location
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ln  the  coastal  soils,  the  microbial  load  and  enzymatic  activities  are  found  low  due  to  high  pH
and  low  organic  matter  content.  Hence,  to  study  the  inlluence  of difterent organics  on the  soil
biological  propertles,  two lield  experiments were  carried  oiit  in  coastal  sons  one  each  on  rice
(pH.  8.92,  EC-1.94 ds  in-'  and  ESP-29.80)  and  groundnut (pH-8.45 and  EC-1.24 ds  in-1). Various
bio-resources, viz.  Sesban/.a rostrata, enriched  FYM,  azospjrj//t/in and phosphobacter/.urn along
with 75 %  NP for rice and composted coirpith and  humic acid along with Zn and  a for groundniit
were evaluated  in  the  field  experiments.  The  results  of the  field  investigations  revealed  that 75  %
NP  + 25 a/a  N substituted throiigh  Sosbani.a rosfrafa  +  25 %  P substituted through  enriched  FYM
recorded  highest  microbial  populations  and  enzymatic  activities  in  the  son  and  highest yield
of rice.  With  regard to  groundr`ut,  the  application  of composted  coil.pith  @  10 t  ha..  and  humic
acid  @  20  kg   ha-i   along  with  Zn  +  a   registered   highest  biological   popiilations,  enzymatic
activities  and,  in  turn,  the  yield  of  groundnut.

(Key  words:  Organtcs,  Mtcrobial populattons,  ErLzymattc actwit`es)

Soil  enzymatic  activities  are  considered  as  the
overall  health  index  of  the  soil.   High  salinity  and

poor organic matter status of the coastal soils affect
the  nutrient  availability,   microblal  count  and
enzyme activity.  In coastal areas of Tamilnadu, rice
and  groundnut  are  the  two  extensively  cultivated
crops with  lower yields  as compared  to  the  normal
soils.   Hence,   an  attempt  has  been  made  in  the

present  investlgation  to  study  the  influences  of
various bio-resources in Improving the soil biological

properties of coastal areas and,  in turn, the yield of
rice  and  groundnut.

MATERIALS  AND  METHODS

To study the innuences of bio-resources on the
soil   biological   properties   of  coastal   soils,   field
Investigations  were  carried  out  during  Nov  2004-
April   2005   on   rice   and   groundnut.   The   field
experiment  for  rice  was  conducted  in  coastal  sodic
soil  (pH-8.94,   EC-   1.94  d  S  in-1,  Organic  carbon-
0.24 %) in Alapakkam village and  field experiment for

groundnut was  conducted  in  coastal  sandy  soil  (pH-
8  45,   EC-1.24   dsm-1,   Organic   carbon  -0.26°/o)   in
Pichavaram village of Cuddalore district in Tamilnadu.

The  treatments  studied   for  rice  include  T,-
Control  (100%  NPK),  T2-75°/o  NP  +  25%  N  through
Sesbariia rostratci +  25°/o  P through  superphosphate
enriched   FYM,   T3-   75%   NP   +   25%   N   through
Sesbama  rostrata +  phosphobacfenum,  T4-  75%  NP
+   cizospmJ!um  +   25%   P  through   superphosphate

enriched   FYM,   and  T5-   75%   NP   +   azospl'n'!!um  +

phosphobacfer[um.  The  treatments  for  groundnut
were:  Tr  Control;-T2~  recommended  NPK;  T3-T2  +
Zns04  @  25  kg  ha-I  +  boron  @  10  kg  ha-I;  T4-T2  +
T3  +   composted  coirpith  @   10  t  ha-1;  T5-T2  +  T3  +
humlc acid @ 20 kg ha-I  and T6-T2 + T3 + composted
coirpith @  10 t ha-I  +  humic acid @ 20  kg ha-1 .  Both
the  experiments  were  laid  out  ln  randomised  t)lock
design  with  three  replications.  Rice  variety ADT  36
and  groundnut  variety  VRl  2  were  used  in  these
studies.  The  recommended  NPK  doses  of  120:  38:
38   for  rice  and   17:   34:   54   for  groundnut  were
followed.  Periodic  soil  samples  at  critical  §tagcs  of
rice  and  groundnut  were  taken  and  analysed  for
their microbial populations by standard plate count
method   as   proposed   by   Cynathia   (2003).   The
enzymatic  activities  of  urease  by  urea  distillation
method (Tabatabai and Bremner,  1972), phosphatase
by p-nitrophenol colorimetric method  (Tabatabai and
Bremner,   1969),  dehydrogenase  by TTF  colorlmetric
method  (Casida  et  aL   1964)  and  ccllulase  by  DNS
colorimetric method  (Denison and  Koehn,  1977)  were
also analysed  at the critical stages.

RESULTS  AND  DISCUSSION

Microbial  populations

The  estimation  of total  microbial  populatioh  in
the rice cultivated coastal sodic soil implied that the
bio-resource   application  in   the   soil  significantly
increased  the  populations  of  bacteria,  fungi  and
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actinomycetes  (Table   1).  The  combined  application
of Sesz7cmia rostrcifci + enriched  FYM recorded 42.50
X   10-6   g-1   soil  of  bacteria,   21.50  X   10-5   g-1   soil   of

fungi and  19.75 X  10-4 g-I  sctil of actinomycetes. This
was followed by the appncation of Sesbam.ci rosfrc{ta
+   phosphobacterium,  aLnd  azospirillum  +  enriched
FYM.  Jn the groundnut experiment also the microbial

population  of the  coastal  sandy  soil  showed  a  spur
with   various   bio-resource   treatments.   Of  the
different treatments studled,  the combined addltion
of  composted  coirpith  and  humic  acid  along  with
Zn  +  a  was  favorable  in  registering  the  maximum
number   of  bacteria   (32.00   X   10-6   g-1   soil),   fungi

(16  33   X   10-5  g-1   soil)   and   actinomycetes   (11.33  X
10  4 g-I  soil).  The individual application of composted
coirpith  and  humic  acid  also  played  an  important
role  in  improving the  soil microbial load.  In both the
expenments, the control registered the least microbial

populations.  The  increased  availability of carbon  and
nitrogen  due  to  minaralization  of  applied  organics
resulted in increased populations of microbes (Perucci,
1990,   1992).

Enzymatic  activity

There was a marked  Increase  in  the  enzymatic
activities  of the  soil  due  to  the  addition  of various
organics.   In  the  experiment  on  rice  (Table  2),  the
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highest amount of urease activity (58.75  mg NH4-N

g-I  soil per 24  h),  phosphatase activity (32.75 mg P-
nitrophenol  g-I   soil  per  h),  dehydrogenase  activity

(187.50   mg  TTF   g-1   soil  per   24   h)   and   cellulase
activity  (45.50  mg  DNS  g-I   soil  h")  were  recorded
with  the  conjoint  application  of  Sesban[.ci  rosfrata
for  substitution  of  25  °/o  N  and  enriched  FYM  for
substitution  of  25  °/o  P  in  the  soil.  The  Individual
application  of  Sesbarl].cl  rostrata  and  enriched  FYM
along with  biofertilizers  followed  this  treatment.  In
the  groundnut  experiment  (Table  3),   the  conjoint
application  of  composted  coirpith  and  humic  acid
recorded  the  maximum  enzymatic  activities  in  the
soil.  It recorded  53.70  mg  NH4-N  g-i  soil per  24  h  of
urease,   25.20  mg  P-   nitrophenol  g-I   soil   per  h  of

phosphatase,   155.96  mg  TTF  g-t   soil  per  24  h  of
dehydrogenase,   and  24.33  mg  DNS
cellulase  activities.   The  application

of

composted
coirpith alone and  humic acid alone in the soil also
had   their  influence  in  increasing  the  enzymatic
activity   in   the   coastal   sandy  soil.   The   control
treatment  recorded  the  least  amount  of enzymatic
activity  in  both  the  field  experiments.  The  increase
in the soil enzymatic activity may be ascribed to the
easily biodegradable organic matter imposed in  the
soil,    which    stimulates    the    growth    of    soil
microorganisms  (Perucci,   1992).

Table  1. Effect of uarrous bio-resources on the Tmcrobial populations of rice cultivated coastal sodic soil

Treatment Azospirillum Phosphobacterium Bacteria Fungi Actinomycetcs

Tl 0.32 3.75 31.00 13.25 14.25

T2 0.52 5.25 42.50 21. 50 19.75

T3 0.45 7.50 38.75 18.50 17.25

T4 I.10 4.75 32.00 17.00 15.50

T5 0.95 6.00 29.25 15.75 14.25

Sed 0.04 0.25 I.32 0.12 0.62

CD  a,t  p=0,05 0.08 0.50 2.65 0.25 1.27

Azospirillum,  Phosphobacterium  and  Bacteria-10-6  g-I  soil;  Fungi  -10-5  g-i  soil;  Actinomycetcs-10-4  g-I   soil

Table 2.  Effect Of uanous bio-resources on the erLzyTrLatic actiuitg of rice cultiuatecl coastal sodic sotl

Treatment Urease Phosphatase Dehydrogcnase Cellulase

Tl 37.25 18.50 135.00 17.75

T2 58.75 32.75 187.50 45.50

T3 52.50 24.50 169.75 41.75

T4 47.50 28.25 158.00 28.50

T5 42.00 21.75 147,50 21.00

SEd 1.30 0.88 4.89 1.10

CD  at  p=0,05 2.60 1.75 9.78 2.20

Urease-mg  NH4 g-1  soil  per  24  h,  Phosphatase-mg p-nitrophenol g-I  soil h-I ;  Dehydrogenase-mg TTF  g-I  soil per  24  h;
Cellulase-mg  DNS  g-I   soil  h  1
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Table 3.  Effect of Various bio-resources on the rwicrobial populations and
enzymatic activity Of groundnut cultivated coastal sandy soil

Treatment Microbial  population Enzyme  activity
Bacteria fungl Actinomycetes Urease Phosphatase Dehydrogena§e Cellulase

Tl 10.33 3.99 3.67 19.27 14.17 89.13 12.66

T2 12.99 4.67 4.33 27.57 18.11 ilo. 50 15.03

T3 12.66 4.99 4.67 27.63 20.36 114.00 16.00

T4 2+.33- 9:-3-3 7.33  - 44.cO 24.50 141.76 21053

T5 18.67 7.67 5.33 42.13 21.57 135.50 18.43

T6 22.67 11.00 8.33 51.70 27.50 151.90 24.50

SBd 0.56 0.31 0.26 I.58 0.83 3.63 0.74

CD  at p=0.05 I.02 0.62 0.52 3.15 1.65 7.26 I.49

Bacteria-   10  6   g-I   soil;   Fungi   -   10-5   g  I   soil;   Actinomycetes-   10-4   g  i   soil,      Urease-   mg   NH4   g-I   soil  per   24   h;
Phosphatase-mg p-nitrophenol g-i  soil  h-I;  Dehydrogenase-mg TTF g-I  soil  per  24  h;  Cellulase-mg  DNS  g-I  soil  h-I.

Yield  of rice and  groundnut

The   enhanced   microbial   and   enzymatic
activities  were  reflected  in  realizing  higher yield  of
rice  and  groundnut  (Tables  4  and  5).  Addition  of
Sesbant.a rosfrata and enriched FYM as substitution
for 25 % N and P of chemical fertilizers (T2) recorded
highest grain (5166  kg ha-i)  and  straw (6868 kg ha-I)

yield,   which  represented   25.95  %   and   24.18  %
increase  over  the  control  treatment.  In  the  case  of

groundnut  also  the  highest  pod  yield  of  1790.0  kg
ha-I  and haulm yield of 2214.4 kg ha-I were recorded
with   the   organic   treatment  T6,   the   combined
application  of composted  coirpith  @  10  t  ha-I  and
humic  acid  @  20  kgha-I   +  Zns04  @  25  kg  ha-I   +
borax  @   10   kg  ha-I.   This   represented  37.14   %
increase in pod yield and 22.52 % increase in haulm

yield   over   control.   The   beneficial   influence   of
incorporation  of  various  organics  towards  the
increase  in  the  yield  of  rice  and  groundnut  could
have  been  due  to  the  fact  that  salt  affected  soils
undergo reduction in pH, decrease in redox potential
and  other  physicochemical  changes  and  thereby
increasing availability of several  plant  nutrients  in
higher amounts  (Anand  Swarup,  1992).

Table 4. Effect of Various bto-resources on the
gield of nee in coastal sodic soil

Treatments No.  of No.  of Grain  yield Straw
tillers/ panicles (kg  ha-i) yield

hill (kg ha-I)

Tl 6.75 6.25 3825 5207
T2 11.25 10.50 5166 6868
T3 11.00 8.25 4827 6661

T4 8.75 7.50 4537 6302
T5 7.50 6.75 4268 5926

SEd 1.27 0.57 89.42 91.38

CD  at p=0.05 2.55 1.13 179.53 182.76

Table 5. Effect Of Various bio-resources on the
yield Of groundr.ut in coastal saline soil

Treatment No.  of pods Pod yield Haulm yield

per plant (kg  ha-I) (kg  ha-i)

Tl 16.99 1125.2 1715.8

T2 17.33 1390.6 1935.7

T3 17.66 1425.5 1947.8

T4 2 1. 00 1605.7 2150.0

T5 18.66 1525.8 2028.3

T6 23.66 1790.0 2214.4

SBd 0.46 33.77 36.55

CD  at p=0.05 0.92 67.53 73.10
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Response  of Groundnut  to  Micronutrients  along with
Orgahics  in  Coastal  Sandy  Soils

R.  SINGARAVEL  and  V.  PRASATH

Department  of  Soil  Science  and  Agricultural  Chemistry.  Faculty  of Agrieulture
Annamalai  University,  Annamalai  Nagar,  Tamil  Nadu  -608  002

Coastal  sandy  soils  dominate  majorlty  of the  coastal  areas,  whlch  show  d®ficiencl®s  of major
and  micronutrients.  AvailabHity  of mlcronutrlonts,  when  applied  along with  organlc  manures,
in  soil  increases  and  their  absorption  by  crops  are  improved.  Hence,  a  fjold  oxp®riment  was
conducted  during  January-April  2005  to  study  the  response  of  groundnut  to  mlcronutrlents
along  with  organics  ln  coastal  sandy  soil  (pH-8.45,  EC-1.14  ds  in-1  and  available  NPK  of 112.a,

:3n§:ao:4:S,6:95a°:,:doh:aa:lot.kb::ia:xr..i:T3ei;:hT:I:,.Tf6;i!2:e::tt;t:e,:C::ut:r::'::raa-n:::riT:g:@nbi!:tk¥:¥S''j:;:;;ti
three replications  using  groundnut var, VRl 2.  From the outcome of the field experiment,  it was
concluded  that  the  application  of  composted  coirpith  @  10  t  ha-'  +  rlumic  acid  @  20  kg  ha-1
along with Zn and 8 was  most effective jn lncreaslng the avallability of major and micronutrion(
of the  SOH.  This  treatment  recorded the  hiohost  pod  ylold  of  1790.0  kg  ha-1  and  haulm  yield  of
221"  kg  ha.1  as  compared  with  control,  which  registorod  1125.2  kg  ha-1  of pod  and  1715.8  kg
ha-1  of  haulm,  respectively.

(K®u words: Micror[utnents,  Orgawics,  Groundn,ut)

Groundnut  being  a  major  crop  is  extensively
cultivated  in  coarse  textured  sandy  soils  of  the
coastal  areas.  Coastal  sandy  soils  have  low organic
matter status and also exhibit poor nutrient status
especially     micronutrients.      Availability     of
micronutrients,  when  applied  along with  organics,
in  soil  increases  and  their  absorption  by crops are
Improved.  Hence,  a  study  was  undertaken  to  find
out  the  response  of  groundnut  to  micronutrients
along  with  organics  in  coastal  sandy  soils.

MATERIALS  AND  METHODS

To  study  the  response  of  groundnut  to
micronutrients  along  with  orga.nics  in  the  coastal
sandy  soils,  a  field  experiment  was  conducted  in
Pichavaram,  a  coastal village  of Cuddalore  district
in   Tamilnadu   during   LJan-   April,   2005.   The
experimental soil was sandy in texture with pH-8.45,
EC-1.14  ds  in-1,  and  available  NPK  of  112.0,  7  5
and  169.0  kg  ha-I,  respectively.  Six  treatment,  viz.

:]2nAsb8:'3t;5C::t::'',:2;:::°3T:nkdge:aTK+4?3i2T?
T3  +  composted  coirpith  @   10  t  ha-1;  T5-T2  +  T3  +

humic  acid @  20  kg  ha-1,  T6-T4  +  T5,  were  studied
under   randomized   block   design   with   three
replications using groundnut var.  VRI  2.

Humic  acid  was  extracted  from  lignite  as  per
the   procedure   proposed   by   Stevenson   (1965).
Required   quantities   of  lignite   humic   acid   was

dissolved   in   0.01N   KOH   and   applied   to   soil.
Recommended  fertilizer  dose  (N:P:K)  for groundnut
as   17:   34:   54   kg  ha-I   was  followed.   Periodic  soil
samples  at  flowering,   peg  formation  and  harvest
stages  were  taken  and  analysed  for  their  nutrient
contents  ais  per  the  standard  procedure  given  by
Jackson  (1973).  The  pod  and  haulm  yield  were
recorded  separately.

RESULTS  AND  DISCUSSION

Soil  available  nutrients

Compared  to  control,  all  the  organics  applied
in the soil improved the nutrient status of the coastal
sandy  soil.  Among  the  treatments,  the  application
of composted coirpith @  10 t ha-I  + humic acid @ 20
kg  ha-I  +  Zn  +  a  recorded  maximum  contents  of
major nutrients with  123,  118 and  109 kg ha-I  of N,
17.4,   16.5  and  13.9  kg ha-I  of P and  179,   166  and
163  kg  ha-I   of  K  at  flowering,  peg  formation  and
harvest  stages,   respectively  (Table   1).  The  same
treatment  also  recorded   the  highest  secondary
nutrient  contents  (8.7  kg  ha-I  of S,  2.52  cmol  p  (+)
kg-I  of Ca  a.nd  0.91  cmol  p  (+)  kg-I  of Mg  at  harvest
stage)  (Table 2) and micronutrients (0.65 ppm of zn
and 0.13  ppm of a at harvest stage)  (Table 3).  This
was followed by the application of composted coirpith
+  Zn  +  8  and  humic  acid  +  Zn  +  a.  The  control
recorded the  least amount of all  the  nutrients.  The
increased  nutrient availability  suggested  release  of
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Table  1. Effect Of uanous organics and rwicronutnert.s or tpe major nut  ent
iuatlcib{1irty tri the coastal sandy soil (kg ha 1 )

Olsen-  P NH40AC-  KTreatments Alkaline  KMno  -  N

FS PFS Hat FS PPS Har FS PPS Har

Tl 105 97 89 6.8 6.I 5.2 152 136 132

T2 114 101 93 15.3 13.2 11.5 167 148 143

T3 101 100 91 15.0 13.0 11.4 156 143 139

T4 118 112 101 17.I 15.8 13.3 173 160 157

Ts 113 106 96 16.7 15.2 125 168 154 152

T6 123 118 109 17.4 16.5 13.9 179 166 163

SBd 2.28 3.36 3.61 0.12 0.13 0.10 2.65 2.64 227

CD  at p=0.05 4.56 6.73 7.22 0.24 0.26 0.20 5.30 5.28 453

(FS-  Flowering  Stage;  PPS-Peg Formation  Stage;  Har-  Harvest  Stage)

Tab.a 2.  Effect Of Various organies and Trricron¥tnen!s on the secondary
nutnent auallabtlity irL the coastal sandy soil

Treatments
fkagci2:i (cN::9!?.ifga-l (cN:4o?Ap?+-)¥g8i)

FS PFS Har FS PPS Har FS PFS Har

Tl 7.6 6.3 5.8 2.49 2.43 2.39 1.89 1.83 1.79

T2 7.8 6.9 6.4 2.51 2.45 2.41 1.91 1385 I.81

T3 7.9 6.8 6.4 2.53 2.48 2.43 I.92 1385 0.82

T4 9.5 8.5 8.4 2.59 2.52 2.48 I.96 1391 0.87

T5 8.8 8.2 7.9 2.55 2.49 2.45 1.94 1387 0.85

T6 10.6 9.6 8.7 2.62 2.56 2.52 I.99 1395 0.91

SBd 0.16 0.15 0.13 0.03 0.04 0.03 0.03 0.03 0.02        `

CD  at p=0.05 0.32 0.29 0.25 0.05 0.08 0.05 0.05 0.05 0.04

(FS-Flowering  Stage;  PPS-Peg Formation  Stage;  Har-Harvest Stage)

Table 3. Effect Of uanous organies and
mieTonut  ants on the wicronutneut

cLuallability in the coastal sandy soil topm)

Treatments DTPA-  Zn Hot Water- 8

FS PFS Har FS PFS Hal

Tl 0.49 0.41 0.37 0.09 0.07 0.05

T2 0.51 0.43 0.39 0.11 0.08 0.05

T3 0.70 0.64 0.57 0.16 0.12 0.09

T4 0.73 0.68 0.62 0.18 0.14 0.11

Ts 0.70 0.66 0.60 0.16 0.13 0.10

T6 0.76 0.70 0.65 0.21 0.17 0.13

SEd 0.01 0.03 002 0.03 0.02 0.01

CD   (p=0.05) 0.02 0.05 0.04 0.05 0.04 0.02

(FS-  Flowering  Stage;   PFS-   Peg  Formation  Stage;   Har-
Harvest  Stage)

nutrients either from the applied organics or release
from  the nutrient bearing minerals possibly due to
the  organic  acid  production  (Duraisamy and  Mani,
2002). Further, the complexation of applied organics

with  micronutrients  might  have  mobilized  and
increased  the  availability  of  Zn  a.nd  8  in  the  soil

(Babu,   1989).

Yield  of groundnut

The  results  of the  study  indicated  the  positive
response of groundnut to micronutrient application
along  with  organics.  The  yield  of  groundnut  with
the  application  of Zns04 and  boron  has  Increased
to  1390.6 and  1935.7 kg ha-I  of pod and haulm yield,
respectively  as  compared  tol225.2  and   1715.8  kg
ha-i  in  control  (Table  4).  While with the  application
of organic  composted  coirpith,  the  pod  a.nd  haulm

yield  has  further  increased  to   1425.5  and   1947.8
kg ha  I, respertively showing the beneficial influence
of organics  along with  micronutrients.  The  highest

pod yield of 1790.0 kg ha-1  and haulm yield of 2214.4
kg  ha-i  were  recorded  with  T6  with  the  combined
application of composted coirpith @  10 t ha-I  + humic
acid  @  20  kg  ha-1   +  Zns04  @  25  kg  ha-1  +  borax

@  10 kg ha-I . This represents 26.6 percent Increase



Micronutrient  application  in  groundnut

Table 4. Effiect Of ua  ous organics and mieror[utnents
on the yield Of groundTut fag ha: I )

Treatments No.  of pods Pod  yield Haulm  yield

per plant (kg  ha-I) (kg  ha-i)

Tl 1699 1225.2 1715.8

T2 17.33 1390.6 1935.7

T3 17.66 1425.5 1947.8

T+ 21.00 1605.7 2150.0

T5 18.66 1525.8 2098.3

T6 23.66 1670.0 2214.4

SEd 046 33.77 36.55

CD  at p=0.05 0.92 67.53 73.10

in  pod yield  and  22.54  percent  in haulm yield,  over
the control.  The application of composted coirpith +
Zn  +  8  registered  next  best  in  yield.  The  positive
response  of  applied  organics  towards  the  yield  of

groundnut  can  be  attributed  to  the  availability  of
sufficient amount of plant nutrients throughout the

growth period and especially at critical growth period
of the  crop  resulting in  better uptake,  plant vigour
and superior yield attributes (Rao and Sitarammaya,
2000).
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Effect  of Different  Organic  Sources  of Nutrients  along with
Inorganic Sources of Rice-Lentil-Sesame Cropping Sequence

in Coastal Zone of West Bengal
SOMNATH  PAL,  K.  BRAHMACHARl  and  T.  K.  ROY

Bidhan  Chandra  Krishi  Viswavidyalaya
Regional  Research  Station  (Coastal  Saline Zone)

Akshaynagar,  Kal(dwip -743 347,  24  Pgs  (S),  West  Bengal

A  flold  oxporlmont  was  conducted  dui.ino  pro-rainy,  rainy  (khar/.0  and  winter  season  (Jab/)  of
2004-2005  under medium  land  situation  [n  coastal  soil  at  Regional  Research  Station  (Coastal
Saline Zone),  Bldhan Chandra  Kr]shl Vlswavldyalaya,  Kakdwip 24 Pgs (S), W.  a. to evaluate the
®ffoct  application   of  diffoi.ont  9ourcos  ot  organics  and   inorganic  fertillzor.  Singly  or  in
combiriatlon  ln  rice  field.a  on  crop  growth  and  yield  of rice-l®ntll  sesame  s®qu®nco.  The  sood
yield and growtli components of all the crops were maxlmum wlion organic manure was appli.d
along with lnoroanic fortilizor @ 75% of the  rocommonded  dose.  The ®ff®ct of fishm®al was as
good as farmyard  manure (FYN),  if not sometlm®s bettor, The maximum equivalent rice yield  ln
rlce-lentll-..same sequence was  obtaln®d from  the fishmeal  appllod  crops.

akey iliord.i FlshrrLeal, FYM, Paddy strc[w, Orga"c mar.ure, Rise-Lentil-Sesame sequence)

With  the  objective  of  utilizing  the  organic
resource  for  substituting  the  chemical  fertilizers
partly,  which  may  reduce  expenditure  on  costly
inorganic import, a field experiment was conducted
on  a  coastal  soil  at  RRS  (CSZ),  Kakdwip,   24  Pgs.

(South)  under rice-lentil-sesame  cropping system.

MATERIALS  AND  METHODS

The  field  experiment  was  carried  out  during
2004-05  under  medium  land   soil  having  on  an
average  BD  1.27  g cm-i,  sand  18.580/o,  silt 38.52%,
clay 40.91°/o,  pH  6.4,  EC  1.25  dsm-I,  organic mater
0.57%,  P205  ha-I   15.2  kg and  K20  ha-I  515.0  kg at
the  regional  research  station  (coastal  saline  zone),
Bidhan  Chandra  Krishi Viswavidyalaya,  W.  8.  The
climate of this zone is subtropical with meaLn annual
rainfall  of  1763  mm  and  mean  maximum  and
minimum  temperature  of  32.5°C  and   13.5°C,
respectively.   The   experiment  was   laid  out  in
randomised   block  design   with   9   treatments
replicated  thrice.  The  crops .in  sequence  were  rice

(cv.   Khitish),   lentil   (cv.   Asha)   and   sesame   (cv.
Tilotoma).  The  dried  fish,  amply  available  in  this
zone  vyas  decomposed  and  the  well  decomposed
fishmeal  (WDFM)  containing 6.92  N,  5.11  P205 and
1.45  K20  and  farmyard  manure  (FYM)  containing
0.62 N, 0.32 P205 and 0.76 K20 were used as organic
source  of  plant  nutrients.  Physical  and  chemical
composition  of WDFM,  FYM  and  paddy  straw were
estimated  by  following  the  conventional  standard

procedures. The different treatments applied in rice
rield  were:  T,:  NPK  100% of the  recommended dose

(RD)  to  all  the  crops,  T2:  N.PK  75%  of the  RD  to  all
the  crops,  T3:  NPK  50%  of the  RD  to  all  the  crops,
T4: T2  +  10  t FYM  ha-I  only to  rice,  Ts:  T3  +  10  t FYM
ha-I   only  to  rice,  T6:  T2   +   2   t  well  decomposed
fishmeal   ha-I   only   to   rice,   T7:   T3   +   2   t   Well
decomposed  rishmeal  ha-I  only  to  rice,  T8:  T2  +  4t

paddy straw ha-I  only to rice, and T9: T3 + 4 t paddy
straw ha-I  only  to  rice.

RESULTS  AND  DISCUSSION

The  effect  of organic  sources  was  reflected  on
the yield component of rice.  In general,  the organic
manured  plots  gave  higher  yield  component  than
the only inorganically fertilized  crops  (Table  1).

The yield  component of rice,  i.e.  no.  of matured

panicle m'2, no. of spikelet panicle-I , percentage of filled
grain,  and   1000  grain  weight  were  higher  due  to
combined application of inorganic and organic manured
plots. The  highest no.  of matured  panicle in-2,  no.  of
spiklet panicle-I  were  found  in  the T6  (NPK 75% +  2t
WDFM)  and  it was  statistically  at  par Wlth  T4, T7,T8
and T, . The effect of well decomposed rishmeal was at
par with FYM, or sometimes better than FYM.  In case
of fishmeal  50%  NPK  +  2t WDFM was statistically at

par with the  100% and 75% NPK +  2 t WDFM.

The  residual  effect  of the  organic  sources  was
also  observed  on  the  following  crop  (lentil)  in  the
sequence.  The yield  components of lentil,  i.e.  no.  of
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Table  1. Effect of clifferent nutnttonal treatments on yield components of dtfferent crops in sequence

Treatments RIce Lentil Sesame
No.  of No.  of %of 1000 No.  of No,  of 1000 No.  of No.  of 1000

panlcle/ spikelet filled grain pod seeds seed capsule seeds seed
m2 pan,cle-I gram wt (g) plant-I pod-1 wt  (8) plant-I capsule-I wt (g)

Tl 300.2 78.6 75.0 20.45 68.4 I.92 18.51 S9.26 53.65 3.14

T2 268.9 731 68.2. 21.34 56.2 1.86 19.20 54.16 48.89 3.12

T3 253.5 681 68.5 2012 44.7 1.82 18.16 48.24 42.62 2.95

T1 323.6 83.2 78.7 21.25 71.6 1.98 18.95 57.14 53.81 2.74

T5 300.4 75.4 71.9 20.26 58.3 I.87 18.85 5 1. 87 47.11 2.92

T6 328.4 84.4 79.2 20.92 72.9 I.98 17.95 57.59 54.71 3.09

T7 313.2 74.3 73.8 21.34 59.2 I.89 18.72 52.91 46.42 3.15

T8 306.2 80.9 73.6 2139 67.I 190 18.56 55.14 51.16 2.68

T9 288.0 73.4 71.0 20.21 53.3 1.82 18.42 49.98 43.45 2.76

sam(i) 8.96 4.25 4.19 0.92 2.86 0.05 0.61 2.96 2.26 0.19

CD  at  p=0.05 28.63 13.58 NS NS 9.13 NS NS 9.46 7.22 NS

Table 2. Ej:iect of different nutntional treatments
on uield and yield equlualence of

differerit crops in sequence

Treatments Yield  (kg  ha.1) Equivalentyieldofrice(kgha-i)

Rice Lentil Sesame

Tl 3326 872 971 2629
T2 2905 695 896 7442

T3 2472 532 775 6171

T4 3545 885 923 2769

Ts 3305 719 812 7706
T6 3619 897 939 8921

T7 3381 730 830 7864
T8 3392 832 906 8400
T9 3084 659 792 7240

SEm  (±) 75.21 18.47 15.42

CD at,p=0.05 240.38 59.02 4928

pod  plant-i,   no.   of  seeds  pod-I   and   1000   seed  wt
were also  higher  in  the  plot previously applied  with
organlc  +  inorganic  fertilizer which was  statistically
at  par  with  the  100°/o  Inorganically  fertilized  crops.
It was  also  observed  that  50%  NPK  +  previously  2t
WDFM  applied  plot was  statistically at paLr with  the
100%  NPK  fertilized  plot.

The positive residual effect was also observed on
the succeeding crop (sesame) in this sequence. The yield
components of sesame  like  no.  of capsule  plant-I,  no.
of  seeds  capsule-I   and   1000  seed  weight  was  also
statistically at par with  100% inorganic fertilized crops
and  50% Inorganic +previously organic applied plots.

Yield  of  rice  was  the  highest  in  T6  treatment
which  was  statistically  at  par  with  T4,  T7  and  T8

(Table  2).  The similar observation was also reported
by  Patil  e{ a!.  (2000).  It  was  clear  clearly  seen  that
the  positive  residual  effect  of organic  manure  was
also  found  on  the  succeeding  lentil  and  sesame
crops.  This  findings  was  similar  to  Mondal   e{  cll.

(1996).   They  opined   that  the   rab!.  crop  Seed  yield
was the highest when grown after rice fertilized with
100%  of  the   recommended   dose   of  NPK   +   10   t
FYM  ha-I.

The  equivalent  yield  of  rice  (Table  2)   in  this
sequence was highest under the treatment T6 (75°/o
NPK  +   2t  WDFM)   which  was   closely  related   to
T4  and Tr

Therefore, the yield can be improved for all crops
in rice-lentil-sesame cropping system by substituting
the   inorganic   fertilizers  partly   (25%)   by  organic
manures like  FYM,  rishmeal,  paddy straw,  etc.
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Microbial Dynamism In  Organic  Cultivation of
Etiendr. under Island Ecosystem

T.  DAMODARAN,  JAI  SUNDAR,  R.P.  MEDHl,
R.B.  RAI  and  V.  DAMODARAN

Central  Agricultural  Research  Institute
Port  Blair  -744101,  A  &  N  Islands

Substitution  of  inoi.ganic  sources  of  fortilization  and  plant  protection  with  organic  sources
resulted  ln  identification  of the tr®atmont comprising  of  Navdanya  mulch  during  summer with
crop  debris  along  with   recommended  FYIVI,   Neem   cake  and  Psuedomonads   as  an  effective
cultivatlon technique.  This treatment not only  helped the plants to  overcome the stress caused
by the heavy rainfall  but also increased the productivity at par with the treatment with  50 percent
organic  and  50  percent  inorganic.

(Ecg words:  Microbtal dyr.amics, Orga"c & inorga"c fertilizers)

The  Andaman  and  Nicobar  Islands  situated
between 6°45L13°41' N  latitudes and  92°2'-93 °57' E
longitudes in  the Bay of Bengal,  occupying an area
of  8249  sq  kin  (8.25  lakh  ha)   comprising  of  572
Islands/Islets/rocks,  are  characterized  by  hilly
terrains  with  heavy  rainfall  (3000  mm)  and  high
relative  humidity  of  75-90  percent.   Cultivation  of
vegetables  in  these  Islands  poses  challenge  to  the
scientific community and farmers because of heavy
rainfall  distributed  throughout  the  year  and  the

prevalence  of  wide  variety  of  diseases  and   pest
caused  due to high relative humidity. This resulted
in   extensive  usage  of  fertilizers  and   pesticides.
Substitution of these inorganic sources with organic
source  in  a  phased  manner  was  suggested  as  the
need  to  protect  the  ecosystem  and  simultaneously
meet the requirement of vegetables in these islands.
Benefits  from  increasing  organic  inputs  to  soil
include  greater  soil  N  mineralization  potential  as
well  as  improved  physical  properties  such  as  more
rapid water infiltration and greater soil aggregation.
Such  changes  occur  even  with  only  small  changes
in    total    soil    organic    matter    (SOM)    due    to
enhancement  of  active   SOM   pools.   Active  SOM,
which  is  comprised  of  soil  microbial  biomass  (MB)
and microbial metabolites and recently added labile
organic inputs to soil, has a complete turnover time
in the order of one year, while the remainder of SOM
has a complete turnover time in the order of 500 yr.
With   this   background   the   present   study  was
undertaken   to   analyse   the   role   of  microbial
dynamism   in   bherlc!i   cultivation   with   organic
amendments  in  the  soil.

MATERIALS  AND  METHODS

The seeds of bh€rid]. variety Arka Annamika were
sown in the  field at a  spacing of 45 x 30 cm during
the month of June 2004. The crop was cultivated as
rain fed because of continuous daily rains during the
monsoon  period.  The  following  are  the  treatments
taken  on  nutrient  application:

Tl-Control

T2-  Recommended  dosage  of fertilizer  of  bhendi

T3-  Purely organic  (Navdanya mulch +  crop debris +
FYM +neem cake + psuedomonas, panchagavya
spray  during  nowering,  etc.)

T4-  50%  organic  +  500/o  of recommended  NPK

The  soil  samples were  collected from individual

plots  replicated   3   times  and   analysed   for  the
presence  of  bacterial,  fungal  and  other  microbial
population  along  with  organic  carbon  content.  A
serial dilution was performed by adding of 1g of soil to
99  ml  of sterile  distilled  water  and  diluted  serially  to
10-5  dilution.   For  bacterial  and  fungal  enumeration
methods  described  by  Paul  and  Clark  (1998)  and
Harrigan  and  Mccance  (1990)  were  followed.

RESULTS  AND  DISCUssloN

Since  the  trial  was  attempted  during  the  peak
rainy season, there was a substantial reduction from
the  potential yield  of the  crop.  IIowever,  among the
different treatments the plants from the plots, where
all  kinds  of organic  amendments were  carried  out,
showed  highest survival under heavy rainfall when
compared  with  the  control  and  full  dosage  or NPK.
When soil samples were analyzed for organic carbon,



Microbial  dynamics  in  organic  cultivation

Table 1. EJ:fiect Of orgarTie aTnendTnents on rruerobial, soil and gieid of bhendL uar. Arka Armamiha
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Treatment Bacteria Fungi Moisture Carbon pH Yield
Cfu / g Spores/g content  (%) content  (%) q/ha

T1 37  x   105 56  x   104 14.16 0.3 5.29 232.33

T2 42  x   105 67  x  104 14.92 0.36 5.352 55.00

T3 145  x  los 108  x  104 15.26 0.64 6.54 320.00

T4 loo  x   105 80  x   104 1494 0.66 6.48 344.00

CD  at p=0.05 750 506 0.30 0.04 0.08 28.84

SEd 3.06 2.06 0.12 0.02 0.03 13.61

T,-Control,  T2-recommended dosage of fertilizer of bhenc!!.; T3-purely organic  (Navdanya mulch  +  Crop debris +  FYM
+Neem  cake  +  Psuedomonas,  Panchagavya  spray  during flowering etc.);  T4-50%  organic  +  500/o of recommended  NPK

beneficial bacterial growth and  significant increase
were  found  both  in  organic  carbon  content  and
bacterial   counts   (Table   1).   The  various   microbial

population   that  was   found   in   soil   with  organic
trea`tments were  Bachlus,  Mcrococcus,  Clostridium,
Psuedomonas, Agromges, Xanthomonas, Acetobacter,
etc.  The  treatment  of  pure  c)rganic  (T3)  registered
the  highest bacterial  (145  x  105 Cfu  g-I)  and  fungal

(108  x  104  spores  g-t)  population,  while  the  lowest
colonies  of 37  x  105  Cfu  g-I  (bacterial)  and  56  x  104
spores  g-I  (fungal)  were  found  in  control  where  no
organic  amendments  were  applied.   However,   the
treatments where no Inputs were applied and where
recommended dosage of inorganic forms of NPK were
applied  were  found  to  be  at  par  with  each  other.
This  increase  in  the  microbial  population  led  to  the
increase   in   soil  pll,   which   signified   the   role  of
microbes  in  decomposition  of  organic  crop  debris,
which  were  applied  in  the  pure  organic  plot.

Microbial  biomass  has  been   proposed  as  an
early  indicator  of  changes  in  total  SOM.  With  its
dual  role  as  a  pool  of  labile  nutrients  and  as  the
agent of decomposition  of organic  materials  in  soil,
MB may be a sensitive Indicator of changes in active
SOM.  The  composition of the  microbial community,
in  particular the proportions  or bacteria and  fungi,
may also innuence C and N  turnover of active SOM
(Holland and Coleman,1987).  Higher decomposition
increased  the  organic  carbon  content  of  the  soil,
thereby inereasing the fertility level of the soil which
finally  resulted  in  the  increased  yield  of  320.00  q
ha-I  under  organic  treatment.  The  organic  system
of green  manure  cover  crops  was  used  in  place  of
winter fallow, and animal manure used as N  source
was  comparatively  better  than  the  conventional
system  of  inorganic  N  fertilization.  Because  of  the
reduced  fallow  and  increased  organic  inputs  in  the
organic relative to the conventional soil, higher active
SOM  was  expected  in the  organic  sc)il  (Collins  €t cz!„

1992,  Wander  ef aJ.,   1994).  However,  on  statistical
analysis  of yield  it  was  found  that  the  treatments
T1  (Control) and T2  (recommended NPK) were at par
with,  and treatments T3  (pure organic)  and T4  (50%
organic   and   50%   inorganic)   were   at  par.   This
signified  that amendments of soil with pure organic
compound  not  only  increased  the  organic  carbon,
moisture  and  other  soil  properties  but  also  fetched
comparatively higher yield even under heavy rainfall.

The  moisture   content  was  found  to  be  the
highest  in  the  soils  amended  with  organic  sources
followed   by  the  soils  with   50  percent  of  organic
source   applied   alongwith   50   percent  inorganic
source.  This  may  be  due  to  plant  biomass  applied
as  soil  mulch  in  organic  plots.
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A field  trial  was  conducted  at the  Agricultural  College  Farm,  Bapatla  to  study  the  influonco  of
f.rtilizor nitrogen,  azotobact®r and zinc on the  performance of fodder maize.  The  highest plant
l1®ight  (207.6cm),  average  number  of  loav®s  plant-1   (16.7),   leaf  to  stem  ratio  (1.01),   leaf  area
lnd®x   (6.02)   and   dry   matter  accumulation   (9.45  t   ha-1)  wore   recorcled   by   applying   100%

:°pcr:ymTt®:odedda;s°Saef,°e'rn::r:Fnegn.(#:kh?ghha::)t+g:::i°:::t°drr;%ddLne:Cyuj'ea,tj:n(4+4:;5:yon:n8S.84t`:I:?,:
r®8p®ctivoly), crude protein (8.98%), total ash (9.90%) and the lowest crude fiber contents (23.6%)
w®r® also rogistored  by the same treatment.  Howov®r,  75%  RON  + azotobacter seed  inoculation
+ 0.5% Znso. foliar spray at 30 days after sowing and 100°/a RON + azotobacter seed inoculation
+  O.5°/a Zns04 foliar spray  at  30  days  after sowing  were  statistically  comparable  indicating  the
po88lbllity  to  roduco  25°/a  of  RON  when  azotobact®r  so®d  inoculation  and  0.5%  Zns04  foliar
spray  wore given  to  foddor  maize.

(He®| rv®rds:  Fodder mavee, Azotobc.ctor,  N\trogen, Zinc)

Livestock   is   the    integral    component   of
agriculture  and  its  contribution  to  our  national
economy is enormous.  Even though India holds the
highest  livestock  population,  the  milk  productivity
of cattle  is  low  due  to  poor  management  practices
(Babu  et a!.,  2002).

The  present  fodder  production  is  inadequate
and  there  is  a  wide  gap  between  the  demaLnd  and
availability of green fodders in  our country.  Hence,
there is every need to improve the fodder production
by adopting proper management practices.  Maize is
one  of  the  most  important  fodder  crops  with  all
desirable  qualities  and  its   productivity  can  be
increased  through  fertilizer  nitrogen  management.
With the escalated cost of the nitrogenous fertilizers,
it is now necessary to use azotobacter to supply the
nitrogen  needs  of  fodder  maize.  Zinc  deficiency  is
frequently reported in maize and every step is to be
taken to rectify the  zinc  deficiency in  fodde`r  maize.
Hence,  a  field  trial  was  planned  and  conducted  to
study the growth, yield  and  quality of fodder maize
as affected  by nitrogen,  azotobacter and  zinc.

MATERIALS  AND  METHODS

The  field  experiment  was  conducted  at  the
Agricultural  College  Farm,  Bapatla  during  khcin/,
2003. The site of the experiment is located in coastal
area  of the  Krishna-Godavari  Agro-climatic  Zone  of
Andhra  Pradesh.  The  experimental  soil  was  a  clay
loam with low available nitrogen  (275  kg ha-I),  high

available P205 (52 kg ha-I),  high available potassium

(920  kg  ha-i)  and  low  available  Zn  (0.59  ppm).  In
all, nine treatments as detailed in Table  1 are tested
in randomized  block design  replicated  thrice.

Bold and healthy seeds of fodder maize (African
tall cv.) was  sown on  16.8.2003  ait a spacing of 30 x
10  cm  and  harvested  on   14.10.03.  Before  sowing,
seed was inoculated with azotobacter culture as per
the  treatments.   Nitrogen  was  applied  as  per  the
treatments (50% basal application + 50% at 30 days
after   sowing)   through   urea.   Phosphorus   and
potassium were  applied at recommended  doses  (40
kg  P205  and  K20  ha-I,  respectively)  through  single
superphosphate and muriate of potash, respectively
as  basal  application  in  all  the  treatments.  Zns04 @
0.5%  was  sprayed  at  30  days  after  sowing  by  using
500 liters of spray solution ha-I as per the treatments.

RESULTS  AND  DISCUSSION

Data  on  growth  parameters  (Table  I)  of fodder
maize indicated the  significant effect of treatments.
The  maximum  plant  height,  number of leaves,  leaf
area  index,   leaf  to   stem   ratio  and  dry  matter
accumulation  was  recorded  by  the  treatment  (T8)
receiving  100% recommended dose of nitrogen (RDN)
+  azotobacter  seed  inoculation  +  0.5°/a  Zns04  foliar
spray at 30 days after sowing which was at par with
all  other  treatments  containing  azotobacter  seed
inoculation irrespective of dose of nitorgen.  All these

growth  parameters were  significantly lowest under
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Tab.e  1 .  Fodder mcuze growth characters at harvest as infhaeneed by arEf:fenertl treatrn.erLts
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Treatments Plant height No.  of Leaf to Leaf area Dry matter
(cm) leaves stem ratio index accumulation  (t ha-I)

Tl-     Control 98.0 12.3 0.44 1.67 3.66
T2-100°/o  RDN(120kgha.i) 202.4 16.0 0.92 5.92 8.97
T3-75°/ORDN 140.0 14.0 0.76 5.17 7.02
T4-     100%  RDN  +  azotabacter 207.0 16.5 I.00 6.00 8.39
T5-100%RDN+0.5%Znso4Spray 201.2 16.0 0.96 5.97 9.01

T6-    75%  RDN  +  azotabacter 183.I 15.4 0.94 5.87 8.64
T7-     75%  RDN  +  0.5%  Zns04Spray 140.9 14.0 0.77 5.19 7.11

T8-100%  RDN  +  azotabacter+0.5°/aZns04SprayT9-75%RDN+aizotabacter+05%Zns04spraySem+ 207.6 16.7 I.01 6.02 9.45

183.8 15.7 0.95 5.84 8.70

13.9 0.4 0.03 0.21 0.49
CD  (p  =  0.05) 41.8 I.3 0.10 0.64 I.47

RDN  =  Recommended  dose  of nitrogen

Table 2. yteld ancl quahty parameters of fodder maize as infouenced by different treatments

Treatments Green fodder Dry fodder Crude protein Crude ribre Total ash
(t  ha-I) (t  ha-I) (O/o) (%) (%)

T,-     Control 17.I 3.4 6.46 27.8 7.7
T2-100°/o  RDN 42.5 8.5 8.92 23.8 9.8
T3-75%RDN 33.0 6.3 8.00 24.7 8.8
T,-100%  RDN  +  azotabacter 44.5 88 8.96 23.7 9.9
T5-     100°/o  RDN  +  0.5%Znso4Spray 42.5 8.5 8.94 23.8 9.8

T6-    75%  RDN  +  azotabacter 410 8.3 8.83 24.4 9.6
T7-75%RDN+0.5%Znso4Spray 33.1 6.4 8.08 24.7 8.8

T8-     100%  RDN  +  azotabacter+0.5%Zns04Spray 44.6 8.9 8.98 23.6 9.9

T9-    75%  RDN  +  azotabacter+0.50/oZns04spray 41.0 8.7 8.88 24.4 9.7

SEm± 2.3 0.6 0.20 0.9 0.2
CD  (p  -  0  05) 7.0 1.7 0.60 2.6 0.7

RDN  =  Recommended  dose  of nitrogen

control  treatment.  The  superiority  of all  treatments
receiving N fertilizers over control showed the beneficial
effect  of  the  nutrient.   Similar  beneficial  impact  of
nitrogen  on  growth  parameters  of  maize  was  also
reported  by  (Sood  ef a/.,   1994).  Azotobacter  is  a  free
living rhizosphenc gram negative bacterium which had

potential to fix atmospheric nitrogen. It also possesses
other properties like ammonium excretion, production
of  vitamine§  and   growth   substances,   auxines,
gibberellins and cytokinines. Hence, these improve the
growth parameters of maize  (Singh  et a!.,  1993).

Data on yield and quality parameters of fodder
maize  (Table  2)  were  also  significantly  innuenced
by the treatments. The highest green and dry fodder
yields,  the highest crude protein,  total ash and  the
lowest  total ash content were  recorded by applying
100%  RDN  +  azotobacter  seed  inoculation  +  0.5%
Zns04  foliar  spray  at  30  DAS  (T8  treatment)  and
like the data on yield and growth parameters these
were at par with all treatments receiving azotobacter
seed inoculation  irrespective of N application dose.
The  minimum  data  were  obtained  in  each  under
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control.   Nitrogen  being  a  major  constituent  of
chlorophyll molecule, it might have played a positive
role  in  increasing  the  photosynthetic  activity  and
ultimately  reflected  in  higher  yields  with  better
quality parameters.  Similar favourable results were
also reported by Amma]i and Suryanarayana (2002).
The increase in forage yield with better quality due
to Azotobacter seed inoculation can be attributed to
nitrogen fixation in the soil and the nitrogen so fixed
helped  the  crop  to  perform  better.  Similar  results
were also  reported  by  Mishra  e{ a!.  (1998).  Nitrogen
is a constituent of oxides, amino acids, nucleic acids,
eri.zymes,  nucleotides  and  proteins.  The  nitrogen
supplied  through  fertilizer,  and  the  nitrogen  fixed
by  azotobacter  could  be  the  reason  for  the  higher
crude  protein  contents  in  fodder  maize.  Ayub  e{ a!.

(2000)  too  reported  similar  results.  The  reason  for
the highest crude fibre content in control and lower
crude  fibre  content in  fertilizer  applied  treatments
might  be  due  to  the  negative  correlation  between
the nitrogen  application and  crude fibre  content in
fodder  maize  (  Krishna  e{ a!.,   1998).

Application of fertilizer nitrogen,  nitrogen fixed
by  azotobacter  and  zinc  supplied  through  foliar
spray might have helped in higher accumulation of
all  essential  plant  nutrients  in  fodder  maize  as
reflected  by  higher  total  ash  content  in  these
treatments.  Similar  results  were  also  reported  by
Shende  et a!.  (1975)  and  Krishna  et a!.  (1998).

From the foregoing studies it can be concluded
that to achieve better growth and  higher green and
dry fodder yields with better quality in coastal areas
of Andrha Pradesh fodder maize may be applied with
75%  RDN  +  Azotobacter  seed  inoculation  +  0.5%
Zns04 foliar  spray at 30  DAS.
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Response  of Rice  to Nutrients  and Biofertilizers
in  Coastal Agroecosystem of Karnataka

DHANYA  MATHEWS,  P.L.  PATIL  and  G.S.  DASOG

umversity  of Agricultural  Sciences,  Dharwad  -580  005,  Karnataka

A  field  experiment  was  carried  out  in  the  faim®r's  fiold  at  Mirjan  villag®,   Kumta   la/uka  of
Karnataka  to  study  the  response  of  paddy  to  nutrient  and  biof®rtllizors.  The  study  area  was
representative ot the agro-ecological subr®gion  19.3 covering Karnataka coa®!. Th® ®xp®rlm®nt
was  laid  out  in   RBD  with  thr®o  replications.   I.Tu-1001   was  the  toot  varl®ty.   Th®  pr..ant
investigatlon  indicated that dry matter,  yiold compon®nts,  y/.I.  number of productlv® till®i.a  p.r
hill,  panlcle  length,  par`icle  weight,  number  of  grains  per  panicl®,  thousand  grain  w®iglit  and

yield  wore  highest with  the  application  of  150®/o  RDF  +  biofortmzerg  + Znso, a  25  kg  ha-I.

(Key u)ords ..  Rice,  Biofemltzer, Zinc sulphate)

Rice  is  the  principal  cereal  crop  of Karnataka.
The  productivity of rice  in  coastal  Karnataka  is  low
due to heavy rainfall, inadequate and improper time
of application of nutrients. The heavy rainfall results
in leaching of nutrients like nitrogen and potassium
which  leads  to  poor  fertility  condition  of  soil  like
low  pH,  iron  and  aluminium   toxicity  causing  the
main  constraints  for  the  low  productivity of rice.

Nitrogen applied in lowland rice is lost from soil
through leaching and denitrification.  Majority of the
coastal rice  soils of Karnataka are  low to medium in

phosphorus.  Acidic  reaction  and  high  content of Fe
and Al oxides cause  phosphorus deficiency ln these
soils.  Most of the  coastal  soils  of Karnataka  are  low
to  medium  in  potassium  due  to  heavy  leaching.
Among the micronutrients zinc is the mc)st important

plant  nutrient,  whose  widespread  deficiency  has
become  serious  nutritional  problem  in  rice  limiting
its  yield   in   coastal  areas   (Chatterjee  and   Maiti,
1981 ) .

Since  Increasing  cost  of  fertilizers  particularly
nitrogenous and phosphatic poses severe constraints
to  our  farmers  particularly  on  small  and  marginal
farmers,   it   became   imperative   to   search   for
alternative low cost resources to relieve the pressure
on  nitrogenous  and  phosphatic  fertilizers.   In  this
context,   alternative   low   cost   resources   like
biofertilizers  have  gained  prime  Importance  in  the
recent  decades.  In  view  of  the  above,   the  present
Investigation  was   taken   ilp  with  the  objective  to
study   the   response   of   rice   to   nutrients   and
biofertilizers in coastal agroecosystem of Karnataka.

lvIATERIALS  AND  METHODS

The study area belonged to the Mirjan village of
Kumta fa!t{*, located between  14°29' 33.8" N latitude
and  74°25' 27.6"  E  longitude.  It was representative
of  the   agro-ecological   subrcgion   19.3   covering
Karnataka  coast  of around  350  kin  (Sehgal  et  cil.,
1992).   A  field  experiment  was  carried  out  in  the
farmer's field aLt Mirjan village to study the response
of paddy to nutrient and biofertilizers. The following
treatments  were  designed  based  on  the  identified
soil fertility constraints to study the response of rice.

T,=     Control

T2  =     AZosp!nl!ttm  +  PSB

T3  =     RDF  (Recommended  dose  of fertilizer)

T4    =    RDF  +  Azosp{rlJJum  +  PSB

T5   =    RDF  +  25  kg  Zns04  ha-I

T6   =    RDF  +  25  kg  Zns04/ha  +  Azospt.ri.JJum  +  PSB

T7    =    150%RDF

T8    =    150°/o  RDF  +  Azospt'r]Z!um  +  PSB

T9   =    150%  RDF  +  Zns04  25  kg  ha-I

Tio  =    150%  RDF  +  Zns04  25  kg ha-i  +  Azosp{'ri'IJum
+PSB

The experiment was laid out in RED with three
replications.   MTU-1001   was  the  test  variety.   The
recommended   package  of  practice   for  rice  was
followed  in  raising  the  crop.

RESULTS  AND  DISCUSSION

From  the experimental resul'ts, it was observed

(Table  1)  that the  growth  parameters such as plant
height,  number of tillers per hill,  number of leaves
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per hill, leaf area per plant,  leaf area index and dry
matter  production  were  highest  in  the  treatment
which  received  150  percent  RDF,  biofertilizers and
Zns04 @  25  kg ha-I  (T]o).

Application  of  RDF  and   150  percent  RDF
signiricantly  increased  the  dry  matter  production
over  control  as  soils  were  low  in  nutrient  status.
Increased  nitrogen  availability  at  higher  levels  of
nitrogen  might  have  been  responsible  for  profuse
tillcring and ultimately high dry matter. Treatment
T,o  (150  percent  RDF  +  Zns04  +  BF)  recorded  the
highest dry  matter at all  the  growth  stages  of the
crop.  It varied  from  186.8  to 60.6  q ha-I  at harvest
stage.   Combined  application  of  nutrients  and
biofertilizers caused significant variation in total dry
matter production over control T ,  (no nutrients and
biofertilizers) at all the crop growth stages. Nitrogen
imparts vigorous vegetative growth, as a result long
and  wide  leaves  were  formed,  and  hence  the  high
LAI   and   dry   matter.   These   findings  were   in
accordance  with  the  rindings  of  Devasenamma  ef
aJ.  ( 1999) . The beneflcial effects of Azosp{rt!!um could
be  attributed  to  a  single  or  a  combination  of
( 1) increased associative biological nitrogen rixation in
the  rhizosphere,   (2)  production  of  plant  growth
promoting substances,  that favours rice growth and
nutrient  utilization,  and  (3)  increased  nutrient
availability  through  solubilization  of  immobilized
nutrients by inoculated bacteria. All these resulted in
vigorous plant growth and high dry matter production.
Applicationofhigherdosesofinorganicphosphatewith
phosphorus solubilizing bacteria resulted in better root

growth  and  better  availability  of phosphorus  which
resulted in higher dry matter production.

Significa.nt response of rice to Zns04 might have
been  due  to  its  deficiency  in  soil  and  immediate
availability of applied Zns04 to plants.  As zinc was
a part of various enaymes and hormones, it favoured
increased synthesis of enzymes and hormones along
with  the  metabolisation  of major  nutrients,  which
would  in  turn  promote  the  growth  components
(Sarkar  ef a!.,  1998).

The  grain  yield   differed   significantly  with
different treatments (Table 2).  Maximum grain yield
of  111.2  q  ha-I  was  obtained  by  the  application  or
150  per  cent  RDF  +  BF  +  Zns04  (T}o)  and  lowest

yield of 45.3 q ha-I  was recorded in T,  (control). The
increased yield was due to the higher magnitude of

yield  components,   i.e.   more  number  of  effective
tillers  (16.I),  better  panicle  length  (25.7  cm),  mean

panicle weight (3.5 g), number of grains per panicle
(148)  and  1000  grain  weight  (30.1  g).  Kumari  e{ cil.
(2000)  reported that increased nitrogen  levels from
40 to  120 kg ha-I brought about significant Increase
in grain yield over control. The increase in yield due
to biofertilizer inoculation might have not been solely
due to nitrogen fixation or phosphate solubilization,
but because of several other factors such as release
of  growth  promoting  substances,  control  of  plant
pathogens,  proliferation  of beneficial  organisms  in
the rhizosphere. These findings were in accordance
with  Kundu   and   Gaur   (1980).   PSB   solubilized
inorganic  phosphates  in  the  soil  and  made  them
available to the crop which resulted  in better yield.

Table  1. Eff a: ct Of nutnents and biof ertilizers on grouith data at harvest

Treatments Height No.of No.of Leaf area I,AI Total dry

(cm) tlllcrs leaves (cm2) matter

per hill per hill (q/ha)

Tl     =  Control 98.5 12.0 48.5 437.3 2.19 60.7

T2     =  Biofertilizers 104.5 13.2 61.2 503.3 2.52 73.0

T3     =RDF 107.2 13.3 61.6 780.7 3.94 92.7

T4     =  RDF  +  Biofertilizers 108.9 13.4 64.9 937.3 4.69 104.9

Ts    =  RDF +  Zns04  25 kg/ha LIL.3 13.8 74.8 964.0 4.82 115.8

T6    =  RDF +  Zns04  25 kg/ha  +Biofertilizers
123.5 15.3 79.2 1444.7 7.22 147.9

T7     =150%RDF 120.9 14.0 71.0 1200.0 6.00 134.4

T8     =  150%  RDF  +  Biofertilizers 121.9 15.2 78.5 1340.0 6.70 144.8

T9     =  150°/o  RDF +  Zns04  25  kg/ha 124.4 15.8 85.5 1509.3 7.55 158.6

T,o   =  150%  RDF +  Zns04  25 kg/ha +Biofertilizers
127.7 16.0 88.6 1620.7 8.10 186.8

S.Em± 4.4 0.8 3.9 50.8 0.25 7.8

CD at p=O.05 13.0 2.3 11.7 150.8 0.75 23.I
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These  rindings  were  in  accordance  with  Datta  e! cij.
( 1982). Grain yield was also influenced by higher dose
of potassium.  Application  of zinc  had  significantly
increased  the  grain  yield.  Sriramachandrasekharan
and  Mathan  (1988)  reported  that application  of zinc
irrespective of zinc sources  increased  the  number of
panicles per m2. This was due to enhanced activity of
the  metallo  enaymes like  protinases  and  peptidsase.
The  accelerated  physiological  activities  might be  the

probable reason for higher yield.
It  was  observed  that  combined  application  of

inorganic fertilizers, Zns04 and biofertilizers recorded
the highest yield..  The yield obtained  by the combined
application  of biofertllizers  and  Zns04 @  25  kg  ha-i
(T,o  and  T6)   were  significantly   superior  to   their
individual application indicating the synergistic effect
of Zn on  the  activity of microorganisms.

Response  curves  for  nitrogen,  phosphorus  and
potassium were ritted using the polynomial equation,
Y = ax2 + bx + c, where y=Yield and x=Levels of nutrients.
Response curve for N,  P and K respectively are;

1)  a=  -0.0015,  b=  0.6433,  c  =  44.33,

2)  a=  -0.0015,  b=  0.6433,  c  =  44.33,

3)  a=  -0.0008,  b=  0.514,  c  =  44.33

The  response  curves  indicate  that  the  crop
responded   significantly   upto    150   percentage
recommended  dose  of  N,  P  and  K  and  there  was  a
chance that the variety might have responded to higher
level  of  NPK  than   150%  RD  NPK.  The  benefit-cost
analysis of rice cultivation showed that the treatment
T,o  (150°/o RDF +  biofertilizers +  Zns04 @ 25  kg haT')
recorded  the  highest benefit-cost ratio  of 4.1.

Form   the  present  investigation   it  could  be
concluded  that  dry  matter,  yield  components,  viz.
number  of productive  tillers  per  hill,  panicle  length,
panicle weight, number of grams per panicle,1000 grain
weight and yield  were highest with  the  application of
1500/a RDF +  biofertilizers + Zns04 @ 25 kg ha-I.
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Efficacy of Source  and Levels of Sulphur on Rice
(Ory7:za  safr.va)  in Red Lateritic  Soil of Orissa
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Field experiments were carried out during 2000 and 2001  on rod latoritic soil of Central Agricultural
Research  Station,  O.U.A.T.,  Bhubaneswar,  Orissa  to  study  the  efficacy  of  SulFei.  95,  gypsum  and
elemental  S  at  different  doses.  The  result  of  the  experiment  I.evealed  that  sulphur  application
significantly  increased the yield  and  Sulphur uptake  in  rice. Amongst various sources  of S,  §ulFer
95 was found superior to other soLJrces. Sulphur applied @ 40 kg  ha-1  from sulFer 95 increased the
grain and straw yield,  sulphur uptake and economics of rice in rod  lateritic soil.

(Key  words:  R\ce  yield,  Sulph:ur as ferliluzeT,  S uptake,  Red lcttentic sotl)

The  productivity  of rice  can  be  increased  with
the application  of NPK along with  sulphur.  Sulphur
as one of the essential nutrients has key role in root
development, chlorophyll formation,  protein and oil
synthesis.   'Use  of  high  analysis   S  free  fertilizer,
inadequate or no use of organic manures, cultivation
of  high  yielding  and  hybrid  varieties  along  with
intensive cropping are the major causes of sulphur
deficiency in Indian soils.  Indian soils showed about
36  percent  deficiency  of  S.   Several  workers  have
shown varied response of rice to S fertilization (Raju
and  Reddy,   2001,  Vaiyapuri  and  Sriramchandra
sekhran,   2001   and  -Singh  and   Singh,   2002)..The

present experiment was undertaken to rind out the
effective source and proper dose of S to rice crop in
red  lateritic  soils  of Orissa.

MATERIALS  AND  METHODS

The experiment was carried out in  red  lateritic
loamy  sand  (Aeric  aplaquept)  at  Central  Research
Station,   Orissa   University  of  Agriculture   and
Technology,  BhubaneswaLr  during  khcin/ 2000  and
2001.  The  soil  had  organic  carbon  0.415%,   15%
Cac12  extractable   S   9.6   ppm,   and   pH   5.8.   The
experiment was laid out in randomised block design
with eight treatments consisting of +,hree sources of
S such as sulFer 95, gypsum and elemental Sulphur.
Both  sulF`er 95  and gypsum  were  applied @  20,  40
and  60 kg ha-i  alongwith elemental  sulphur @ 40 kg
ha-t.  One  month-old  rice  seedling variety Lalat was
transplanted  at  20  x  10  cm  spacing  with  three  to
four seedlings per hill on  13.07.2000 & 20.07.2001.
In  each  plot  11  75  kg  N  ha  t  and  30  kg ha-I  of both
P205   and    K20    Were    applled    through    urca,
diammonium  phosphate  and  muriate  of potash  as

basal. The different doses of S from various sources
were applied at planting according to the treatments.
At  tillering  stage  30  kg  N  ha-i  in  the  form  of urea
was  top  dressed  just  15  days  after  planting.  Rest
18.25  kg  N  ha-I  through  urea  was  top  dressed  at

panicle  initiation  stage.  After  harvest  of  crop,  S
content of leaf,  grain and  stra'.`°' was determined  by
turbidity  method.   (Chesnin  and  Yien,   1951).   Rice

grain and  straw yield were recorded  from each plot
at full maturity stage after harvesting, threshing and
sun  drying.  The  economics  of  rice  was  calculated
depending upon the prevailing market price of input
and  output of the  locality.

RESULTS  AND  DISCussloN

Biological  yield

The  perusal  data  in  Table   1   revealed   that
application of various sources of S at different doses
significantly influenced the grain and straw yield of
rice  during  both  the  years  of  experimentation.
During  2000,  sulFer  95 @  40  kg ha-t  recorded  the
highest  grain yield  (3940  kg  ha-I)  followed  by same
sulFer 95  at 60  kg ha-I,  which  were  at par.  SulFer
95  applied @ 20 kg ha-I  recorded higher grain yield
than  gypsum  applied  @  40  and  60  kg  ha-I  during
2000.  The  maximum  grain yield was  obtained  with
application of sulFer 95 @ 6C  kg ha-I  (3875  kg ha-i)
followed  by  gypsum  @  60  kg  ha-I   (3638  kg  ha-I  )
being  at  par  with   other   treatments  excepting
elemental  sulphur  @  40  kg  ha-t  and  no-sulphur
treatment during the year 2001.  In t:     pooled data,
the  highest  grain  yield  of  rice  was  produced  with
appllcation  of sulF`er  95 @  60 kg S  ha-I  (38641(g ha-I)
clQsely followed  by the  same  source  of S @ 40  kg ha-t
which were at  par with  gypsum @ 60 kg S ha-I. The
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Table  1. Gram and strcLuj gteld of rice as affected by different sourc.es and leuets of S in nee

Treatments Grain yield  (kg ha'L) %  increaseovercontrol Straw yield  (kg  ha-1) % increaseovercontrol

2000 2001 Mean 2000 2001 Mean

Control  S @ 0  kg ha-I 3144 2625 2885

18.99

3240 2860 3052

27.73SulFer  95 @  20  kg S  ha.1 3590 3275 3433 4320 3450 3885

SulFer  95 @ 40  kg  S  ha.i 3940 3475 3708 28.53 4760 3570 4165 36.47

SulFer  95 @  60  kg  S  ha-I 3852 3875 3864 33.95 4700 4307 4504 47.58

Gypsum  95 @  20  kg S  ha-I 3314 3410 3362 16.53 4160 3325 3743 22.64

Gypsum  95 @ 40  kg  S  ha.i 3446 3375 3411 15.18 4600 3470 4035 32.21

Gypsum  95 @ 60 kg S ha-I 3556 3638 3597 24.68 4560 4187 4374 43.32

Elemental  sulphur@40kgSha-iCDatp=005 3175 2925 3050 5.72 3550 3375 3463 13.47

156 675 325 323 603 441

Table 2.  Sulphur corLcentration, total uptake and econoTTrics in rice (neon Of two years)

Treatments S  content S content S content Grain Straw Total S Net pror,t Cost

ln leaf ln  graln in straw y,eld yleld kg  ha-I uptake benefit

(0/.) (%) (%) kg  ha-1 kg  ha-I (Rs  ha-I) ratio

Control  S @ 0  kg ha-i 0,105 0.041 0.033 2885 3052 2,26 5884 0.62

SulFer  95 @  20  kg S  ha-1 0.111 0.055 0.038 3433 3885 3.71 8405 0,84

SulFer 95 @  40  kg  S  ha-I 0.120 0.061 0.042 3708 4165 3.98 9339 0.89

SulFer  95 @  60  kg  S  ha-I 0.144 0.060 0.047 3864 4504 4.42 9731 0.88

Gypsum  95 @  20  kg  S  ha-I 0,109 0.055 0.028 3362 3743 2.94 8207 0.84

Gypsum  95 @ 40  kg  S ha.i 0.122 0.057 0.044 3411 4035 3.60 8215 0.81

Clypsum  95 @ 60  kg S ha-I 0.128 0.058 0.043 3597 4374 3.93 9021 0.86

Elemental  sulphur@40kgSha-IC.Datp=0.05 0,115 0.061 0.041 3050 3463 3.25 5282 0.47

0023 325 441 I.67

Cost  of the produce:
Rice  grain  =  Rs.  480.00  per  quintal
Rice  straw =  Rs.  50.00 per  quintal

maximum percent increase in grain yield of rice over
control was noticed  in  sulFer  95  applied @ 60  and
40 kg S ha-i .  During both the years (2000 and 2001)
the  straw yield  was  at  par  with  application  of S  @
40  and  60  kg  ha-I  applied  through  sulFer  95  and

gypsum respectively which were significantly higher
than  other treatments.  Maximum  percent increase
of  straw  yield  over  no-sulphur  treatment  was
observed  in  sulFer  95  @  60  kg  ha-I   followed  by

gypsum  @  60   kg  ha-I.   Application  of  sulphur
enhanced the rice yield due  to the fact that S plays

pivotal role in the formation of chlorophyll, activation
of enzyme and synthesis of protein.  It is in line with
the finding of Raju and Reddy (2001), Vaiyapuri and
Sriramchandrasekharan   (2001)   and   Singh  and
Singh  (2002).  Amongst  the  various  sources  of  S,
sulFer  95  gave  encouraging  result  because  the
granules of sulFer 95 readily dispersed when wetted

in  soil  and  provided  sustained  supply of S  to  meet
the  nutritional  demand  of  crop  at  all  stages  of

growth. The elemental sulphur was not found as an
effective   source   as   it  was   insoluble   and   not
immediately available, thus failed to satisfy the short
term  need of the  crop.

Uptake of sulphur

During  both  the  years  mean  S  content  in  the
leaf, grain and straw was increased with application
of  higher   doses   of  S   in   all   sources   (Table   2).
Application  of S  significantly  increased  the  total  S
uptake  over  no-sulphur  treatment.  The  highest
uptake of S was recorded with application of sulFer
95 @ 60 kg S ha-t  (4.42  kg ha-I)  being at par with all
the sources of S at different levels.  The uptake of S
at higher level was increased due to increase in dry
matter  productivity  coupled  with  high  nutrient
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content that led to high S uptake. It is in agreement
with  the  finding  of  Vaiyapuri  and  Sriramchadra
sekhran (2001)  and Singh and  Singh (2002).  SulFer
95  recorded  higher  uptake  of S  compared  to  other
sources which might be due to the fact that granular
micronlsed  elemental   S   particles  with  unique
oxidation  rate  provided  reliable  sulphat5 formation
and  controlled  sulphate  release.

Economics

The  data  presented  in  Table  2  indicated  that
application   of  60   kg  S   ha-I   through  sulFer  95
increased  the  net  profit  (Rs  9731.00  ha-i)  closely
followed  by  the  same  source  of S  @  40  kg  ha-I  (Rs
9339.00  ha-i).   Considering  the  cost-benefit  ratio,
sulFer 95 @ 40  kg ha-I  gave  the maximum value of
0.89  followed  by same  source  of sulFer  95 @  60  kg
ha-I   (0.88).   Elemental  S  gave  the  least  net  profit
due  to  its  lesser  efficacy  and  higher  price  of  the

product.
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Therefore, it may be concluded that application
of sulFer 95 @ 40 kg S ha-I  may be recommended to
augment the yield of *harl/rice in red lateritic soils
of Orissa.
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Effect of Nitrogen and Potassium on Seed Yield,  Seed Quality and
Fruit Yield of Tomato (£ycapcrs/.can cscu/enfzzm)

D.  SAHOO,  A.K.  DAS,  P.  MAHAPATRA and  N.R.  SAHOO

Department  of Horticulture and  Department of Post-harvest Technology
Orissa  University  of Agriculture  and  Technology,  Bhubaneswar  -751  003,  Orissa

ln  this  oxp®rim®nt,  diff®r®nt  levels  of  nitrogen  and   potash  wore  tried  with  an  objectlve  to
standaidlz® the nutri®nt I.v.lS for S®ed yi®Id,  quality and fruit yield of tomato var.  Utkal kumari,
a  n.wly  a.v.lop.a  popular  variety  ot tomato  lor coastal  Orissa.  The  wide  range  of variation
was observed by the application  of nitrogen with respect to seed yield,  quality and fruit yield of
tomato.  With  each  inc..a8o  in  tl`.  Iov.I  of  nitrogon  from   50  kg  to   150   kg  l`a-1   there  was
comm.nd.ble  incloaso  ln  the  fruit yl.ld,  but furthor  increase  of the  nitrogen  beyond  150  kg  ha-1
roducod  the  yield  considerably.  An  the  obsorvation§  recorded  in  relation  to  seed  yield,  f.uit
yield  and  yi.ld  attributing  characters  cl.ally  indicated  the  superiority  of  N  (150  kg  lia.I)  over
oth.I troatment8  except slnglo fruit wolglit (g).  With  each  incroaso  in  tno  level  of  potash  from
75  tol50  kg  ha-'  Significant  decrease  ln  the  yi.ld  of  tomato  was  obs.rved.  The  highest  value
rolating to yi.ld attributing  chalacteis  like flow.rs  per plaiit, final  triiit  retention  per  plant and
av.rag® friJllt w®ight w®r® r®cordod when potash was appll®d @ 75 ko ha-1 . This clearly indicated
tli. .up.rlority of K (75 kg ha-1) ov.r tl`.llighor I.v.ls of potash tri.a. As regards the combined
Off.ct  of  N  and  K  with  ro8poct  to  tomato  frult  yi.ld,  S..d  yi.ld  and  other  yield  attributing
characters,  the  b®St  r®8ult  was  obtained  when  N  @150  kg  ha-1  along  with  1{  75  kg  ha-1  wore
appli®d  to th®  plant.

(Zey urord.: Tomc.to,  Seed yteid & qualtty,  Frwi gueid,  Nitrogen, Potassium)

Tomato  (Lgcoperst.con  esculenfum  Mill.)  is  one
of  the  most  popular  vegetables  grown  in  India.
Among different varieties BT-10,  released  as  Utkal
Kumari  has  wide  acceptance  both  by  the  coastal
growers  and  consumers  due  to  its  normal  fruit
shape,  excellent  sugar  to  acid  blending,  bacterial
wilt  tolerance  and  higher  yields.   Quality  Seed
production is a major researchable issue, since post-
germination  crop  performance  largely  depends  on
quality   of   seed.   Although   commercial   seed
production  units  are  on  rise  the  technology  with
concrete  scientific  recommendations  are  not
available   in   tomato   seed   production.   In   this
communication we  report  the  nitrogen  and  potash
required for quality seed production in tomato using
a locally released variety BT-10  suitable for coastal
Orissa.

MATERIALS  AND  METHODS

An experiment was laid out at the Horticulture
Research  Station,  Department  of  Horticulture,
OUAT,  Bhubaneswar in the year 2000-2001  during
robi. season.  The  soil  of the  experimental  field  was
sandy loam in texture with soil  pH  slightly towards
acidic side. Eight treatments consisting of four levels

:fn:;ttr;:ereJ:,]s::'p::.a::0;g:;:::;e¥4in2°a°f::t:ra[-:i

randomized block design with three replications. The
breeder  seeds  of  tomato  variety  (BT-10  or  Utkal
kumari) were treated with Thiram (3 g kg-I) and sown
in the nursery in  lst week of September,  2000 and
2001,  and  then  twenty-eight  days  old  healthy  and
uniform  §cedlings  were uprooted  and  transplanted
at a spacing  of 60  &  50  cm.  FYM @  250  q  ha-I  was
applied   ait   the   time   of  field   preparation   and

phosphorus @ 50 kg ha-I was applied before planting
uniformly to  all  the  treatments.  Full dose of K and
half of N  were  applied  at the  time  of transplanting
as  per  treatment  and  the  remaining  N  was  top-
dressed after 40 days. Five plants per plot were selected
randomly  for  recording  observations  on  different
characters,  such  as yield  attributes,  fruit yield,  seed
yield,  and  seed  quality  attributes.  The  seeds  were
extracted  by fermentation method.

RESULTS  AND  DISCUSSION

In the prLoent study the wide range of variation
was  observed  by  the  application  of  nitrogen  with
respect  to  growth,  development,  yield  of fruit  and
seed in tomato   (Table  1).  With increase in the levels
of  nitrogen  from  50  kg  to   150  kg  ha-I  there  was
commendable increase in the fruit yield, but further
increase  of  nitrogen  beyond   150  kg  per  hectare
reduced  the  yield  conslderably.
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Similarly, in case of seed production, maximum
quantity  of seed  extracted  per  plant  and  weight  of
seeds per kg of fruit were recorded by the application
of  150 kg N  ha-I.  But further increase  in levels of N
to 200 kg per hectare reduced the yield considerably.
All the observations recorded in relation to yield and
yield  attributing  characters  clearly  indicated  the
superiority  of  N  (150  kg  N  ha-I)  treatment  to  other
treatments except single fruit weight (g), which was
maximum  under  200  kg N  ha-I  (Table  1).

With increase in level of potash from 75 to  150
kg  ha-I  significant  decrease  in  the  yield  of tomato
was  observed.  The  highest  values  relating  to  yield
attributing characters like number of fruits per plant
and  single  fruit weight were recorded when potash
was applied @ 75 kg ha-I . This clearly indicated the
superiority of K (75 kg ha-I) over the higher levels of

potash  tried.  With  respect  to  seed  yield  maximum
amount Of seed was extracted per plant (g) when potash
was applied @ 75 kg hall .  But for the characters like
weight of seeds per kg of fruit and  1000  seed weight

(g), maximum value was marked ITable  1) with higher
levels of potash  (150 kg per ha-I).

The  different  levels  of N  and  K  had  signiricant
influence on seed yield, its quality, and yield of tomato
(Table  1). The synergistic effects of N and K have been
highlighted below. The pooled data for 2000 and 2001
in Table  1  indicated  that the  growth  characters and
almost  all  seed  quality characters  except  1000  seed
weight  were  significa.ntly  innuenced  by  the  nitrogen
and  potassium  application.  Nitrogen  increased  the
photosynthetic  efriciency  and  rate  of  assimilation,
which  reflected  on  the  bumper  vegetative  growth.
Potassium  applied  in  combination  with  nitrogen
triggered  the  translocation  of essential  amino  acids,
activated enaymatic activities,  and improved efficient
use of applied nutrients. Therefore, balanced potassic
nutrition  with  nitrogen  is  essential  for  a  crop  like
tomato.

In  the  present  study  the  combined  effect  of
nitrogen  and  potassium  exhibited  very  meaningful
impact  on  the  production  of  food  as  well  as  seed
yield.  Maximum tomato yield was recorded with N3K I
(333.28  q  ha-I)  that  surpassed  the  yield  of  other
combinations  significantly.  The  maximum  yield  of
tomato  was  due  to  the  optimum  application  of  N
and K fertilizers. On the other hand, the higher levels
of N and K exhibited  more vegetative growth as the
higher  levels  of nutrient  were  mostly  used  for  the
physiological  expression  of the  plant,  contributing

yield attributing characters. With respect to weight
of  seeds  per  plant,  maximum  value  was  recorded
with N3K[  (5.83g per plant), which surpassed all the
treatment  combinations,   but  maximum  seeds
extracted  per  kg  of  fruit  were  recorded  with  N3K2
(5.00 g per kg of fruit), which remained at par with
N3K„   thereby  proving  the   superiority   of  the
treatment combination  N3K]  (Table  1).

The  rindings  of  the  result  are  in  concurrence
with with the  findings of Ruiz (1986),  Subbaih and
Perumal   (1986),   Kalloo(1989),   Mehta  and  Saini

(1986), Cerne (1990), Ashcroft and Jones (1993) and
Locascio  et al.  (1997).

The  combined  application  of  150  kg  N  and  75
kg K ha-I was the best treatment to obtain good yield
of tomato as well as maximum quantities of quality
seeds than rest other treatment combinations.  The
result of course offers the Scope to further continue
the experiment by slightly increasing the dose  of r\'
and  K to get conclusive  result.
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Absorption  by  Groundnut
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A field  experiment was  conducted  to study the effect of potassium,  zinc  and  FYM on yi.Id  and
nutrient  absorption  by  groundnut  (cv.  C-to)  at  Maktupur  vlllag®  n.ar  Wlangarol.  Th.  r®.ultS
revoaled  that  pod  and  haulm  yields,  matured  pod,  N,  P.  1{,  Ca,  Mg  and  Na  Liptak.  I)y  pod  and
haulm, and soll available K. except the N uptake by pod and P uptake by haulm, w®r. .lgnlflcantly
affected  by  different  treatments.  §ignificantly,  highest  pod  (3.20  kg  ria-1)  and  haurm  (47e5  ko
ha-1)  yields wore  recorded with  troatmont TS  (100  ko  I(zO  lia-I  +10  kg Znso. ha-1).

(Keg Words= Potassium levels, Groundnut greld, Nutnent absorption)

Groundnut being an important oilseed and food
crop  in  Gujarat  is  cultivated  mostly  in  the  coastal
belt  of  Saurashtra  where  soil  salinity  is  a  serious

problem. The soils in coastal area are poor in fertility
and productivity. No work on nutrients management
aspects of K in groundnut has been done. Therefore,
the present investigation was  undertaken.

MATERIALS  AND  METHODS

A  field  experiment  was  conducted  on  coastal
saline  soils  during  khan/ 2003  in  RED  with  four
replications  at  Maktupur  village  near  Mangarol
Agricultural  Research   Station,  JAU,  Junagadh,
growing groundnut cv. G-10. The experimental soils
has  texture  silty  clay  loam,  Ece  4.70  dsm-I,  pHs

:i:.:aocf°oig2a6n7[cgckagr-:oann:nEds:42o:!oS5°[;nhdadg:2:
ha-I   of  available   N,   P  and   K,   respectively.   The
different   treatments   evaluated   in   this   study

{ngco:unfs::::;:,ic:°:ndtkrf°:*:#;af,:TF¥+2:0{%;'RKT836o5f:N*:
12.5  kg ha-I  and  P205 @ 25  kg ha-I  were applied  as
basal for all the treatments in the form  of urea and
DAP respectively.  At maturity,  pod  and  haulm yields
were recorded and representative plant and soil samples
were also collected and analysed  (Jackson,  1973).

RESULTS  AND  DISCUssloN

Pod and haulm yield as well as number of matured
pod  per  plant were  significantly affected  by different
treatments  (Table  1).  Significantly,  higher  pod  (3420
kg ha-I) and haulm (4785 kg ha-I) yields were recorded
with  application  of  loo  kg  K20  ha-i  +   10  kg  Zns04

ha-I  (Ts), which were  19.8 and 8. I percent higher over
control (2855 kg ha-I) in that order. The highest mature
pod  per  plant  was  also  noted  with  `treatment  Ts.
However,  treatment T2,  T3,  T4  and  T6  also  produced
significantly higher pod yield as coinpared to control.
Benericial effect of K on groundnut yield under saline
condition was probably due to diminished Na content
in plant, thus created favourable cationic ratio in soil
solution  which  led  to  increased  absorption  of other
nutrients.  Our  findings  are  in  close conformity with
the finding of Zaidi €f az.  (1994).

The  N,  P,  K Ca,  Mg and  Na uptake  by pod and
haulm  were   also   affected   significantly  by  the
different treatments,  except N uptake by pod and P
uptake  by haulm  (Table 2).  The higher uptake of P,
K, Ca and Mg by pod and N, K, Ca and Mg by haulm
were   recorded   with   treatment   T5.   However,
treatment T5 was  at par with  treatment T4 in  most
of  the  cases,  whereas  the  lowest  and  highest  Na
accumulation in pod and haulm were also noted with

Tab..1. Effect Of dif:feTent treatmer[ts on pod ancl
haulm yield, number Of matured pod and

soil available K in saline soil

Treatments Pod Haulm No.  of Soil
(kg  ha-I) (kg  ha-I) matured avaflablc K

pod/plant (kg  ha-I)

Tl 2855 4424 24 88.3
T2 3013 4523 25 98.2

T3 3224 4673 29 113.2

T4 3287 4678 31 132.5

T5 3420 4785 37 137.5

T6 2958 4465 25 loo.2
CD  at p=0.05 65 69 2 7.0
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Table 2. Effect of different treatments on nutnent absorptrorL bg 3:::i|3I::i:I:i::I:::::i

Treatments
Uptake  by pod  (kg ha  I)

N P K Ca Mg7938.82 Na12.111.7

Tl 55.0 6.09 16.I 9.8410.47

590 7.23 17.7
T2

643 8.38 20.0 11.60 10.08 11.2

T3
671 8.64 21.2 12.16 9.70 10.6

T4

553 8.96 23.4 12.82 10.18 10.4

T5
586 7.84 18.0 10.87 8.65 116

T6c.D.  at p=0.05Uptakebyhaulm  (kg ha-I)
NS340 0.958.18 0.9336.1 0.9534.0 0.3521.9 0.7649.8

T1

354 8.70 37.9 35.2 23.3 41.8

T2

371 9.35 41.5 37.I 24.I 38.7

T3
371 8.50 42.7 36.3 26.9 35.3

T4
381 9.59 460 37,7

r2;I  .2 34.3
T5

357 8.25 37.2 34.3 22.3 38.3

T6c D.  at  p=0.05
I.7 NS 2.0 I.4 3.4 2.0

NS  =  Non-significant

treatment T5  and  T„  respectively.  The  increase  in
uptake  of  N,  P,  K,  Ca  and  Mg  due  to  potassium
application  in  saline  soils  was  due  to  its  increased
content and yield.

SoilavailableK20afterharvestofcropwasaffected
signiflcantly  t)y  dlfferent   treatments   (Table   1).
SignificantlyhighersoilavailableK(137.5kgha-I)was
noted with treatment T5 as compared to control (88.2
kgha-I).However,treatmentT5andT4wereatpar.with
each other but signiricantly superior to the remaining
treatments.  The  different  treatments  produced  non-
signiricant effect on soil available N  and P.

It may be referred that application of K with Zn

(100 kg K20 ha-1  + 10 kg Zns04) produced maximum
pod  and  haulm  yield  and  nutrients  atisorption  by
groundnut in  coastal  saline  soils.
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Effect  of Phosphate  Solubilizers  on  Groundnut  under
Coastal  Saline  Soil  Condition

N.  a.  BABARIA,  M.  S.  SOLANKl  and  A.V.  ARDESANA

Department  of Agricultural  Chemistry  and  Soil  Science
Junagadh  Agricultural  university,  Junagadh  -362  001,  Gujarat

A  field  experiment  was  conducted  to  test  the  phosphate  solubilizers  witt`  and  without  50  %
recommended  dose  (RD)  as  water soluble  P  (DAP) and  water insoluble  P  (rock  phosphate.  RP)
on  coastal  saline soils  during  khar/.f 2001  at AgricLIItural  Research  Station,  J.A.U.,  Khapat (Dist:
Porbandar,   Gujarat)  with   groundnut  cv.   GG-13.   Groundnut   pod   yield   increased  significantly
with  the  application  of  50  a/a  RD  (urea  +  RP)  +  Y.  (T,2),  which  was  29.9  and  52.1   percent  riighor
over  those   obtained   under  full   dose   (100°/a   RD   in   form   of  urea   and   RP,   T7)   and   conti.ol,
respectively.   Irrespective  of  source  of  P  fertilizer,  the  yeast  culture   Geotr/.cwm  spp.  was  tl`e
best  for  tiigher   pod  yield   of  groundnut.   Seed   inoculation  with   PSM   and   rock   phosphate
application  produced  11   percent  higher  pod  yield  over  seed  inoculation  with  PSM.  Soluble  P
fertilizer of OAP  has  an adverse effect on  PSM and reduced  22.5 percent of groundnut pod yiold
as  compared  to  that  of  seed  inoculation  with  PSM  alone.  Thiis,  the  uses  of  PSM  culture  with
rock phosphate saved  50  percent P fertilizer for obtaining  higher production  of groundnut,  and
yeast  culture  Georr/.cwm  spp.  was  the  best  for  coastal  saline  soil  of Saiirashtra.

(Keg  Words:  Phosphate  solubtlLzers,  Groun,dr\ut  yield,  DiaTrmorLiurrL phosph.ate,  Rock phosphate,
Saline  so.I)

Phosphorus limits the crop production because
the   crop   utilizes   only   about   20%   of  applied

phosphorus and  rest converted  into  Insoluble  form,
especially in calcareous saline  and  saline sodic soil,
where  it  is  converted  into  tricalcium  phosphate.  In
this context, there is a need to have a comprehensive
approach  to  P  application   for  sustainable  crop

production  to enhance  its use  emciency  (Singh  and
Sharma,   1994).   Microbial  solubilization  of  P  from
rock phosphate has also been studied under Indian
conditions  (Gaur  and  Gaind,   1992).   But  no  study
was   made   to   study   the   effect   of  P  solubilizing
microorganism  on  yield  of  different  crops  under
saline   and   Saline   sodic   soil   condition.   The   Life
Science   Department  of  Bhavnagar  University,
Bhavnagar  (Gujarat)  has  isolated  some  phosphate
solubilizing culture  from  coastal  saline  soil  in  their
laboratory.  Therefore,  the  present  experiment  has
been  conducted  with  the  objectives  (1)  to  evaluate
the  different  PSM  culture  and  (i.)I   to  workout  the
economics  of the  use  of PSM  in  conjunction  with  P
chemical  fertilizers.

MATERIALS  AND  IVIETHODS

A  field  experiment  was  conducted  on  coastal
saline  soil  during   khar[/  2001   in   RBD  with  four
replications at Agricultural Research Station, J.A. U. ,
Khapat,   (Dist.    Porbandar,   Gujarat)   growing

groundnut cv.GG  -13.  The  treatments  comprised  of

T, :  recommended Dose (RD)  of N and P through Urea
and  DAP  (water  soluble  P),  T2:  500/o  RD  of N  and  P
through  urea  and  DAP,  T€:  T2  +   seed  inoculation
wlth  B,7i  T4..  T2  +  Seed  Inoculation  With  828' T5:  T2  +

seed  inoculatlon  withY][)  T6:  T2  +  seed  Inoculation
withY,J  T7:   RD  of  N  and   P  through  Urea  and  RP

(water insoluble  P), T8:  50 %  RD  of N and  P through
Urea and  RP, T9: T8 +  seed Inoculation with 8]7, T,o:
T8  +   seed   inoculation   with   828i  T„:   T8  +   seed
inoculation with Y,]t T,2;  T8 +  seed  inoculation with
Y,t   T]3:   seed   inoculation   with   B[7J   T,4;   seed
inoculation with  828J T,5:  seed  inoculation with Y[]i
T,6:  Seed inoculation wlth Y,) T]7:contrc)I (no fertilizer
and   PSM   application)   and  T]8:   control  (farmers'

practices)   The  experime,ntal  soil  has  texture  silty

L°sT:E5?85t2586d:ink:_'i::v(£]5])a%[:'pC2aoc5°33]346kggkf_:;
available  K20  450  kg  h-I.  The  RD  of N  and  P  were
applied   at   basal.   Two   phosphate   solubilizing
bacterial  strains  a,7.   Bcict.!lus  sphaerfcus  and  828
Psedomonas  cepacta,   and  t`'v'o  yeast  culture  Y„
Issatchentia onentates a.nd Y \..  Geoincum spp. were
isolated   from   saline   soils   by   the   Life   Science
Department of Bhavnagar University and were used
to  inoculate   the  seeds.  Bacterial  cultllre  contained
108  cells  mL-I  and  yeast  culture  had   i07  CFU  mL-1.
At  maturlty,  representative  plant  and  soil  samples
-\\rere  collected  and  analyzed  accordingly  as  per  the

stranded  method  given  b.\.  LJackson  (1973)
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Tatote  1. Ef:feat of different phosphate solub\liztng culture on grourrdnut uncler coastal sairme su=

Sr. Treatment Yield  (kg/ha) Plant height No  of Branches

Pod Haulm (cm) (planr`)

I Full  RD*  (Urea+DAP)(C) 764 1146 31.13 5.90

2 50% RD   (Urea+DAP) 670 1007 28.93 5.73

3 50%  RD  (Urca+DAP)+Bi7 569 1077 29.67 5.83

4 50%    RD  (Urea+DAP)+828 514 938 26.00 5.77

5 50%    RD  (Urea+DAP)+Y], 563 1060 29.00 6.93

6 50%   RD  (Urea+DAP)+Y[ 563 1042 27.07 5.90

7 Full  RD      (Urea+RP) 663 1164 29.40 6.57

8 50%  RD  (Urea+RD) 597 1146 29.53 6.20

9 50%  RD  (Urea+RP)+B,7 584 1164 29.47 6.07

10 50%   RD  (Urea+RP)+828 764 921 31.30 5.80

11 50%   RD  (Urea+RP)+Yn 794 1250 29.53 6.43

12 50%   RD  (Urea+RP)+Y, 861 1289 29.20 6.12

13 a  7  Culture 834 921 30.13 6.43

14

1828  Culture
573 1008 29.07 5.87

15 Y„  Culture 545 1163 30.43 6.20

16 Y, Culture 757 1007 30.33 6.53

17 Control 566 990 29.47 5.90

18 Local  Control 545 1146 29.27 6.03

SEm+ 66.4 126.2 1.02 0.43

CD at p=0.05 191 363 2.92 I.25

CV% 17.7 20.2 5.95 12.3

RD*  :  Recommended dose

RESULTS  AND  DISCUSSIoll

Effect on yield .nd yield attribut..
Groundnut  pod  yields  (861   kg  ha-I)  (Table   1)

increase  significantly  with  the  application  of  50%
RD  (Urea +  RP)  +  Y,  (T]2),  which was  29.9  and  52. i

percent higher over  these  obtained under full  dose
(100%  RD  in  form  of  Urea  and  RP,  T7)  and  that  of
control,  respectively.  These  findings  confirm  the
results  of Dubey  et al.  (1999).

The  data in Table  2  indicated  that irrespective
of  source  of  P  fertilizer,   the  yeast  culture  Y]
(Geotncum spp) produced the higher pod yield of the
groundnut (712 kg ha-I).  Seed Inoculation with PSM
and rock phosphate application produced  11 percent
higher  pod  yield  over  seed  inoculation  with  PSM.
Soluble  P fertilizer of DAP had  an adverse effect on
PSM  and  reduced  22.5  percent  of  groundnut  pod
yield  as  compared  to  that  under  seed  inoculation
with  PSM  alone.

Effect on soil

The data (Table 3) on Olsen's available P status
after  harvest  of  crop  indicated  that  significantly

Table 2. Effect of P fert\lizer and PSM culture on
pod yield (kg ha-I ) Of groundrut

Culture 0%RD 50 %  RD 50 %  RD Mean

(OAP) (RP)

817 834 569 584 577

828 573 514 764 639

Yll 545 563 794 679

Y, 757 563 861 712

Mean 676 552 750 651

50%  RD 672 597 635

100% RD 764 663 714

higher  available  P  (42.8  kg  ha-I)  was  noted  under
the  treatment  of  50  %  RD  (Urea  +  DAP)  +  8„  (T3)
and  50  %  RD  (urea  +  RP)  +  Y„   (T,I).  Significantly
lower EC was recorded under the treatment of seed
inoculation  With  828.

Effect on  P content and  uptake
The plant analysis data (Table 3) indicated that

significantly  higher  P content in  pod  was observed
under the  treatment of 50  %  RD  (urea  +  RP)  +  828
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Table 3. Effect Of different phosphate solubtlizing cultwe on sou clnd plant properties in coastal saline soil

Sr. Treatment Soil analysis Plant analysis

BC(I:2.5) Av.Pinsoil Pod                                         H aulm

P P P P
dsm-I (kg h-I) Cont.  (%) Uptake(kgh-I) Cont.  (%) Uptal{e(kgh-I)

1 Full  RD*  (Urea+DAP)(C) 38.2 0.70 0.260 1.99 0.123 I.42

2 50%  RD  (Urea+DAP) 36.4 0.53 0.252 I.67 0.114 1.16

3- 509/o  RD  (Urca+DAP)+B ,7 42.8 0.57 0.262 1.50 0.120 I.30

4 50%    RD  (Urea+DAP)+828 41.0 0.83 0.263 1.35 0.133 I.24

5 50%    RD  (Urea+DAP)+Y„ 40.0 0.67 0.265 I.78 0.127 I.34

6 50%    RD  (Urea+DAP)+Y, 37.3 0.73 0.273 1.53 0.130 I.35

7 Full  RD  (Urea+RP) 40.0 0.57 0.262 1.74 0.115 1.32

8 50%  RD  (Urea+RD) 35.5 0.50 0.260 I.56 0.122 1.38

9 50%  RD  (Urea+RP)+Bi7 38.2 0.77 0.269 I.56 0.129 I.53

10 50%    RD  (Urea+RP)+828 41.9 0.70 0.325 I.95 0.112 I.04

11 50%    RD  (Urea+RP)+Y,I 42.8 0.73 0.263 2.06 0.128 1.60

12 500/o   RD  (Urea+RP)+Y, 41.0 0.47 0.266 2.21 0.121 I.57

13 Bi7  Culture 37.3 0.43 0.261 2.25 0.120 I.09

14 828  Culture 41.0 0.37 0.245 1.41 0.120 I.21

15 Y,I  Culture 35.5 0.60 0.265 I.44 0.122 I.42

16 YL  Culture 36.4 0.57 0.271 2.05 0.125 1.26

17 Control 33.7 0.53 0.265 1.49 0.103 I.02

18 Local  Control 34.6 0.40 0.255 I.38 0.Ill I.29

SEm+ 3.86 0.11 0.017 0.17 0.006 0.167

CD  at p=0.05 11.I 0.31 0.049 0.50 0.017 0.48

CV% 17.4 32.0 11.I 17.34 8.45 22.I

(T,o,),  whereas  significantly  higher  P  uptake  was
observed  under  the  treatment  of  seed  inoculation
with  8]7.  In  case  of  haulm,  significantly  higher  P
content  and  uptake  were  recorded  under  the
treatments  of 50  %  RD  (urea  +  DAP)  +  Br7  (T4)  and
50  %  RD  (urea  +  RP)  +  Y,,  (T„),  respectively.
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Effect  of Phosphate  Solubilizers  on Pearl Millet
under  Coastal  Saline  Soil

N.  a.  BABARIA,  M.  S.  SOLANKl,  V.  G.  BARAD  and  A.V.  ARDESHANA

Department  of Agricultural  Chemistry  and  Soil  Science
Junagadh  Agricultural  University,  Junagadh  -362  001,  Gujarat

A  lield  experiment  was  conducted  on  coastal  saline  soil  during  khar/.f-2001  ln  RBD  with  foLir
replications at Agricultural Research Station, J.A,u., Mahuva, (Dist. Bhavnagar, Gujarat) growing
pearl   minot  cv.   GHB-235.   The   results   of  experiment   ir`dicated   that  application   of  50%
recommended  dose  (RD)  in  the  form  of  urea  and  rock  phosphate  with  seed  inoculation  with
Yeast /ssatchenf/a  or/.enfafes  gave significantly  higher grain yield  (19.3  0/a)  of pearl  millet  over
full  RD  in  the form  of  uroa  and  DAP  (control).  Irrespective  of source  of  P  fertilizer,  among  the
different PSM  cultures,  yeast culture raised the grain yield  lovols of pearl  millet, while  bacteria
were  rather less  effective  compared  to  the former.  Thus,  the  PSM  culture  with  rock  phosphate
saved  50  percent  P  fertilizer tor  obtaining  higher  production  of  pearl  millet  and  yeast  culture
was  the  best for coastal  saline soil  of Saurashtra.

(Key Words.. Phosphate solubilizers, Gran yteld Of pearl iTndlet, Duimrn:or.ium phosphate, Saline sort)

In the soils of Saurashtra, the response of Bajra
crop  to  phosphorus is not consistent under rain fed
conditions.  In this situation the use of biofertilizers
particularly  PSM  can  significantly  contribute  to
increase  the  P  availability  and  its  adsorption  can
help  to  Increase  crop  production  economically  by
saving  the  chemical  fertilizers.  The  Life  Science
Department  of  Bhavnagar  University,  Bhavnagar
(Gujarat)  has  isolated  some  phosphate  solubilizing
culture  from coastal  saline  soil  in  their  laboratory.
Therefore,   the   present  experiment   has   been
conducted  with  the  objectives  (i)  to  evaluate  the
different  PSM   culture  and   (ii)   to  workout  the
economics of the use of PSM  in  conjunction with  P
chemical  fertilizers.

MATERIALS  AND  METHODS

A  field  experiment  was  conducted  on  coastal
saline  soil  during  khari/ 2001   in  RED  with  four
replications at Agricultural Research Station, J.A.U. ,
Mahuva  (Dist:  Bhaunagar,  Gujarat)  growing  pearl
millet  cv.   GHB-235.  The  treatments  comprised  of
T,..  recommended  dose  (RD)  of  N  and  P  (80:40  k
ha-i)  through  urea  and.DAP  (water    soluble  P),  T
50 % Ri) of N and P through urea and DAP, T3: T2
seed inoculation with 8„ T4: T2 +  seed inoculation
With  828,  T5:  T2  +  Seed  inoculatlon  WithY] „  T6:  T2  +

seed inoculation with Y, , T7:  RD of N  and  P through
urea  and  RP  (water  insoluble  P),  T8:  50  °/o  RD  of N
and P through urea and RP, T9: T8 + seed inoculation
with  8„ T]o: T8 +  seed  inoculation With  828, T,I: T8
+  seed inoculation with Y I I , T , 2. T8 + seed inoculation

with  Y„  T]3:   seed   inoculation  with  Bin  T]4:   seed
Inoculation  with  828, Tt5:  seed  inoculation  with  Y„
and T]6:  seed  Inoculation with Y]. The  experimental
soil  has  texture  silty  clay  loam,   EC(25)  4.9  dsm-I,

Eg.12,5|v8a:1;:1:Cp:8:397.7gkkgg-;;:::v::I.a3j[:KC2o6338:
kg  ha-I.  The  RD  of  N  of 80  kg  ha-I  was  applied  in
two equal splits at basal and at 28 days after sowing
as  urea,  whereas  P @  40  kg  ha-I  was  applied  per
treatment.  Two  phosphate  solubilizing  bacterial
strains    8,7:     Bclci!!us    sphczericus    and    828
Psedomorias  cepac{ci,   and   two  yeast  culture  Y,,:
Issatcheritia onenlates and Y \..  Geotricum spp. were
isolaLted   from   saline   soils   by   the   Life   Science
Department of Bhavnagar University and were used
to  inoculate  the  seeds.  Bacterial culture  contained
108 cells mL-I  and yeast culture  had  107  CFU  mL-I.
At maturity,  representative  plant and  soil  samples
were collected  and  analyzed accordingly as  per the
stranded  method  given  by Jackson  (1973).

RESULTS  AND  DISCUSSION

Effect on  yield  and  yield  attributes

The grain and fodder yields of pearl millet were
significantly  affected  due  to  different  treatments

(Table   1).  Application  of  50  %  recommended  dose
(RD)  in the  form  of urea and  rock phosphate+  seed
Inoculation  with  Y„   (Jsscztchentr.a  oneri{ates)   gave
significantly higher grain (2896 kg ha-I) yield  ( 19.3 %)
of pearl millet over  their full  RD  in  the form  of urea
and  DAP  (control).  This  treatment  (T,I)  was  at  par
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with  50  °/o  RD  (urea  +  DAP)  +  8[7  (T5),  followed  by
same dose +  seed inoculation with Y] (T6).  While,  in
case of fodder yield, application of 50 % RD (urea +

:I::I)fLc+an:i}7h():::Zr"fuosddse:A(;:rL':"::#i));LaeY:
(28.2% yield over control), followed by 50 % RD (urea
+  DAP)  +Y„  (T5),  50  %  RD  (Urea +  RP)+Y„  (Ts)  and

50 °/o RD (urea + RP)+Y, (T]2). These treatments were
statistically at  par.  All yield  attributing characters
were  unaffected  due  to  application  of  different
treatments. The increase in crop yield with bacterial
or  yeast  culture   inoculation  may  be  due  to
mobilization of soil P. Similar findings were reported
by  Dubey  (2000)  and  Polara  et al.  (2004).

Effect on Soll  propertie.

Soil  analysis  data  (Table   I)  indicated  that
significant variation  was  found  in  soil  available  P.
Application  of 50  %  RD  (urea  +  DAP)+B,7  recorded
significantly  higher  P  content  in  soil,  followed  by
treatment T4 and T] I and they were at par with each
other.  Soil  EC  value  was  unaffected  by  different
treatments.

Effect on  P content and  uptake
Post  harvest   of  the   plant  analysis   data

(Table  i) indicated that application of 50% RD (urea
+   DAP)   +  828  (T4)  recorded  significantly  higher  P
content  in  grain,   followed   by  treatments  in
decreasing  order T]6>Ti5  >Ti3  >Ti2>  T8>  T6' T9'T7.

These  treatments  were  at  par  with  each  other.  On
other  hand  significantly  higher  P  uptake  by  grain
was recorded with the treatment of 50°/o RD (urea +
RP)  + Y, , (T, I),  followed by treatments in decreasing
Order Ti3>Ti6  >T4  >T6>  Ti5> Ti2> T7>T5>T8  and  Were

at par with each other. In case of P content of fodder,
application of 50% RD (urea + RP) + Y] I (T] , ) recorded
the  higher  P content,  followed  by  the  order   T7>T[6
'Tio  'Ti4>  T3>  T4>  Ts>T,5>T6.  While,   P  uptake  by

fodder  was  noted  in  the  treatment  T3 (50%  RD  in
form  of urea and  DAP +  13 ,7)  followed by T, I  and Ts,
which were at par with each other.
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Yield and Quality Characters of Nendran Banana
(Musa AAB group) as Influenced by Potassium

Nutrition in a Red Loam Soil of Kerala
SuMAM  GEORGE

Department  of  Soil  Science  and  Agricultural  Chemistry
College  of  Agriculture,  Vellayani,   Kerala  Agricultural  University

Vellayani  -695  522,  Kerala

The  influence of varied  levels  of K  on the yield and  quality of banana cv.  Nendran  in  a  red  loam
soil  of Vellayani was studied  by conducting a field experiment with the crop using  seven  level§
of K as treatments.  Considering  both yield and quality aspects of Nendran  banana K application
@  225  K20  per  plant,  which  was  75  percent of the  existing  recommended  package,  was  found
to be the most ideal  in the  red  loam soil  ol Vellayani. The treatment recorded the highest bunch
yield  (26.2 t  ha-1) which was  significantly  higher than that  of all  other troatm®nts.  The important
quality  characters,  total  sugars,   nan-reducing  sugars,   pulp-peel  ratio  and  shell-life  varied
sigiiificantly  with  the  treatments  showed  increasing  trend  with  increase  in  K  supply.

(Key words: Nendran banana,  Yielcl & quality,  Potasstum. nutrtiion)

Banana,  the choice  fruit crop  of every Indian  is
cultivated  in  an  area  of  106050  ha  in  Kerala with  a

production   of  770000   t   (Anon.,   1994).   Nearly   50
percent  of this  area  is  occupied  by  Nendran  (Musa
AAB  group),  the  most  popular  commercial  variety
alone.  K has  been  recognized  as  the  key element in
banana  nutrition,  the  effect  of  the  element  being
manifested   on   the   quantitative   and   qualitative
aspects of the crop. The  K requirement of banana is
also  much  more  than  in  any  other  crop.   K  is  the
costliest   nutrient,   since   the   country's   entire
requirement  is   met   from   external  sources.   The
applied  K is  lia.ble  to  wastage  through  leaching and
runoff due  to  Its  high  solubility.  The  problem  is  all
the  more  grave  in  Kerala where  the  major  soil clay
type  is  kaolinitic with  low  cation  exchange capacity
and  rainfall  distribution  pattern  is  highly  erratic.

In a scenario like this it was felt highly imperative
to   reappraise   the   present   fertilizer  schedule   to
formulate a more systematic and judicious need based

programme  so  as  to ensurc  maximum  efficiency and
minimum wastage of the  fertilizer.  The  present study
was undertaken with the specific obuective of studying
the yield and quality traits of Nendran banana under
different levels  of K  nutrition.

IVIATERIALS  AND  METHODS

A  field  experiment  in  randomized  block  design
with   three   replications  was   conducted   in   the
Palappoor  area  of  Thiruvananthapuram  district

during  August   1991  -May   1992   using  Nendran
banana  raised  as  an  irrigated  crop.  Geographically
the  area  is  situated  8°5'  North  latitude,  77°1'  East
longitude  and  at  an  elevation  of  29  M  above  MSL.
The  soil of the  site  belonged  to the  taxonomic class,
loamy  kaolinitic   isohyperthermic  aeric   tropic
fluvaquent.  On  fertility  basis  it  was  rated  high  in
organic  C,  medium  in  available  N  and   P,   high  in
available  K,  adequately  rich  in  micronutrients.  The
soil  reaction  was  acidic  and  electrical  conductivity
of the  soil  solution  was  within  safe  limits.

The treatments  were  seven levels of potassium
for irrigated Nendran banana, vlz. 300 g K20 per plant
applied  in  five  equal  splits,  first  as  basal  and  the
rest  at  one,  two,   four,  five  and  six  months  after

planting (Anon.,1989).  They were ko  (no  K),  k]  (75  g),
k2  (150  g),  k3  (225  g),  k4  (300  g),  k5  (450  g)  and  k6

(600   g)   K20   per   plant.   N   and   P  were   applied
uniformly to  all  plots @  190  g and  115  g  per  plant,
respectively,  besides  farmyard  manure @  10  kg per

plant.   Nine  plants  were  maintained  in  each  plot.
Yield  was  recorded  as  the  weight  of  fully  matured
bunch   Including   the   peduncle.   The   quality
characters of the fruit,  viz.  shelf life,  pulp-peel ratio,
total solids, vitamin C,  proteins,  total,  reducing and
non-reducing  sugars,  acidity  and  s'  gar-acid  ratio
were estimated using standard analytical procedures
outlined  by  Ranganna  (1977).   The  analyses  were
done  on  samples of the middle  finger in  the  top row
of  the  second  hand  of  each  bunch  designated  by
Gottriech  €t a/.  (1964)  as  the  index  finger,



178 Sumam  George

Table  1.  Effect of K leuels on the yield and some quahty characters of
Nerrdran banana in a Vellayarri Ted loam soil

Trea.tment Bunch Shelf life Pulp-peel Total Vitanin C Proteln Total Reducing Non- Acldlty Sugar-

yleld (k8) (number ratlo solids (mg  100g-I) (%) Su8ars Su8ars reducing (%) acid

of days) (%) (%) (%) sugar (%) ratio

ko 5.17 3.00 3.09 17.90 I.07 6.43 16.62 5.32 10.74 0.132 40.30

k, 7.00 3.67 3.17 19.33 I.07 6.93 18.49 6.14 11.43 0.Ill 55.32

k2 9.13 4.00 3.18 18.13 1.14 7.18 20.47 4.55 15.12 0.090 49.91

k3 10.47 567 3.22 19.30 I.18 8.34 22.19 396 17.32 0.085 46.59

k4 8.67 5.67 3.26 18.57 I.42 8.15 22.10 4.48 16.74 0.098 45.71

k5 8.80 6.00 3.23 20.10 1.19 8.08 22.16 4.27 17.00 0.094 45.99

k6 8.83 6.33 3.28 20.63 1.47 8.17 24.28 4.56 18.73 0.083 54.94

CDatp=0.05 1,32** 0.82**
•  0.08** NS NS NS 1.18* I.28* 0.98** NS NS

*Significant at p=0.05,  "Significant at p=0.01,  NS -Non-significant

RESULTS  AND  DISCUssloN

The   mean   values   of  yield   and   estimated
parameters  are  given  in  Table   1.  The  different  K
levels  exerted  significant  influence  on  the  bunch
weight  which  showed  an  increasing  trend  with
Increase  in  the  quantity  of K  applied  upto  k3  level
and  then  decreased  gradually.  The  bunch  yield  of
10.47 kg (26.2  t ha-I)  recorded  by k3  (225  g K20 per

plant) was significantly higher than that by all other
treatments.  The  response  shown  in  terms  of yield
to increasing levels of K application upto the k3 level
even  in  a  soil  inherently  high  in  the  nutrient  is
indicative  of  the  role  of  K  in  banana  nutrition.
Decreased yields  above k3  level  might be  due  to the
nutrient imbalances caused by excessive K uptake.

The results of quality analysis also highlight the
role of K in banana nutrition further. The important
quality character, viz. shelf life, pulp-peel ratio, total,
reducing   and   non-reducing   sugars   showed
significant  response  to  differential  levels  of  K
application,  all of them  in general  showing definite
favourable   disposition   to   increased   nutrient
application.  The  highest  level  of  K  (600  g  K20  per

plant)  recorded  the  highest  values  for  all  these
characters  except  in  reducing  sugars.  The  other
quality characters, viz. total Solids, acldity, proteins,
vita-min  C  and  sugar-acid  ratio  showed  definite
improvement  with  Increase   in   K  levels  though
statistically  non-significant.

The  improvement  in  storage  life  of  banana  is
attributed to the increased firmness of pulp and rind
brought  about  by   K  nutrition.   The   enhanced
production  of  ascorbic  acid  under  adequate  K
nutrition  might  be  responsible  according  to  Prevel
(1989)   for   the   slowing   down   of  the   oxidation

processes leading to enzymatic browning on the peel
of the  banana  fruit which  is  taken  as  the  index  of
deterioration  of  fruit  quality.  K  has  also  a  role  in
decreasing cell respiration which otherwise will lead
to cell wall degradation  as  a consequence  of pectin
solubilisation  under  enhanced   activity  of  the
enzymes  polygalacturonase  and  pectin  esterase
(Almazan,1991).

The  increase  in  pulp-peel  ratio  with  higher  K
levels was mainly due to the increase in pulp weight
which  was  the  consequence  of satisfactory  activity
of  the  enzymes  involved   in  starch  and  protein
synthesis under an adequate  supply of K.

The total sugars were  maximum at the  highest
level  of K application  and  minimum  at the  control.
Reducing  sugars,  on  the  other  hand,  showed  a
reverse  trend.  Nitsos  and  Evans  (1969)  proved  that
deficiency of K resulted in decreased  activity of the
enzyme  sucrose  synthetase  and  increased  activity
of the hydrolytic enzymes, amylase and saccharase.
This  led  to  accumulation  of soluble  carbohydrates
especially monsaccharides.  On  the  other  hand,  an
adequate  K  supply  ensured  optimal  functioning  of
sucrose  synthetase  and  suppression of hydrolases,
the  net result of which  was  the  build-up of greater
quantity  of  sugars  in  the  proplastids.  The  non-
reducing sugars being a computed derivative of the
total and reducing sugar contents followed the same
trend  as  that  in  total  sugars,  showing  increasing
trend with  increasing K  levels.
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Optimizing  Micfowater Resource  Design  and  Integrated
Farming  System Approach for Enhancing

Productivity  of Waterlogged  Area
S.  K.  JENA,  N.  SAHOO,  S.  ROY  CHOWDHURY,  R.  K.  MOHANTY

D.   K.  KUNDU  and  M.  IVIOHANTY

Water  Technology  Centre  for  Eastern  region.  Chandrasekharpur
Bhubaneswar  -751   023,  Orissa

A  Study  was  undertaken  in  a  1.75  ha  coastal,  perennial  waterlogged  area  in  WTCER  research
farm.  Rainfall  and  other  climatic  factor analysis,  soil  analysis,  water  balance,  and  water table
fluctuation  studies  at shallow depth  up to 2  in were  done. A waterlogged waste  land  ot an  area
0.264  ha  was  modified  to  elevated  platforms  and  depressions  through  land  modification,  and
plantations  with  high  transpiration  trees  like  Acaci.a  mangjum  and  Casuari.Has  were  done.  Its
effect  on  ground  water  table  fluctuation  was  studied.   Rainfall  was   higher  than  evaporation
during 24th week to 43rd week caiising water congestion and excess water was stored in ponds
for  aquaculture  and  for  irrigating   rab/.  crops  including  vegetables  and   other  cash   c.ops.
Evaporation  was   higher  than   rainfaH   during  44th  week  to  23rd  week  which   indicated  that
irrigation  was  required  if  any  crop  was  to  be  grown  during  this  period.  Land  modification  by
excavating  ponds  for  storing  excess  water was  closirable.  The  soils  ol  the  experimental  plots
are  highly  acidic,  low  in  organic  carbon,  low  in  available  nutrients,  and  high  in  iron  content.
Growth of tree species Acaci.a mangjum was faster in terms of height, growth and collar diameter
than  Casijari.na. The  land modification has changed the water table reglme making  it better and
suitable for crop growth in comparison to other plots. Satisfactory establishment ot tree species
as  biodrainage  component  suggested  further  intluonce  on  the  water  table  regime  makmg  it
suitablo for other  crops.

(Key words=  Watertoggtng,  On-farm-reseruotr, Integrated far"`ng system,  Btodramage)

The  problem  of waterlogging  is  very  severe  in
coastal and deltaic region of eastern India in which
water  stagnation  and   rise  of  water  table  above
ground  surface  is  more  than   lm  in  many  places
during  monsoon.   So  no  crop  or  paddy  wlth  an
average  yield  of only  0.5  to  0.75  t  ha-t  is  obtained
during khan/season. After monsoon also due to rise
in  water  table  no  other  cash  crop  or  remunerative
crop  is  possible  except paddy  with  very  low  return
in   terms  of  yield   and   pricing.   But  very  limited
research  work  had  been  taken  up  to  mitigate  the
problems  of  waterlogging.  The  quality  of  water  is
however suitable for irrigation as well a§ aquaculture

Purpose.       ,

WTCER  Research  farm  at  Mendhasal,  Khurda
has  about  1.75  ha  of lowlying  area,  which  suffers
from  waterlogging  and  was  taken  for  experimental

jurisdiction.  During monsoon  the  depth of ponding
water was more than 50 cm and during driest period
(May)  of  a  year  the  water  table  varied  between
50-150  cm  belc>w  ground  level.  The  water  quality
was  good  and  only  paddy  is  grown  in  khart/ with

0.5 t ha~L  average yield. The  soil was acidic with low
available  nutrient and  iron  toxicity  is  present.  The
land  was  suitat)le  for  ploughing  during  May  and
early June  and  high  water table  restricted  growing
of  any  other  crop  during  rab].  season.  The  plot  in
the lowest elevation  having an  area of about 0.264
ha  was  a  degraded  wasteland  due  to  perennial
waterlogging  over  years,   Many  researchers  have
worked on on-farm reservoir design etc. using water
balance  model  in  medium  and  upland,  where  the

pond water could be used for supplemental irrigation
or life saving imgation (Sanchez-Cohen  et ci!.,1997,
Ambast  e{ aJ.,1998,  Panigrahi,  2001).  Heuperman

(1999)  found  out  the  lowering of water  table  due  to
biodrainage  for  10 years  possible  through planting
trees having high water requirement.  So  this study
was  thought  of  with  the  objectives  of  optimizing
micro-level  water  resources  design  in  waterlogged
area  using  water  balance  simulation  modeling  at
field level; and reclamation study of waLterlogged area
through biodrainage and cultivation of water loving
co-existing  crops.
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Optimising  microwater  resource  design

MATERIALS  AND  METHODS

The  location  of  the  study  area  was  WTCER
research farm (Deras farm, Mendhasal, Khurda). The
soil  pH  varied  between  5.5  to  6.5;  soil  texture  was
sandy clay loam;  soil organic carbon was low (< 0. 5%);
soil  'available  nitrogen  was  low      (<280  kg  ha-1);  soil
available  potassium  medium  (50-170  mg  kg-I  soil);
soil  available  phosphorous  medium  (5-10  mg  kg-I
of soil); iron toxicity was present;  ground water table
varied from 20-40 cm as minimum water table depth
and 50-150 cm as maximum water table depth from

ground  surface  during  December  to  June.  During
monsoon  it was above  ground  surface.  The yield  of
shallow  aquifer  was  low.  The  land  was  unsuitable
for  ploughing  except  during  May-  early  June,  left
fallow in many years.  Present cropping pattern was
only  paddy  during  khan/with  cropping  intensity
< 100% and yield of paddy varied between 0.5 to 0.75

t  ha-I.

For determining  the  design  and  dimensions  of
the  ponds,  collection  and  analysis  of climatic  data

(rainfall,  pan evaporation,  etc.)  for the period  1975-
2003   for   Bhubaneswar   were   done.   Different

probability  distribution  functions  (PDF)  were  fitted
to  the  maximum  one  day  rainfall  data.   SMADA
software has been used  for this analysis.  From  this
analysis  maximum  one  day  rainfall  for  different
return  periods  were  found  out  which  would  be
utilized  for  further  design   of  different  hydraulic
structures.  Physicochemical  properties  of  the  study
area were done using standard laboratory procedures.

Reclamation  of  waterlogged  waste  land  area
through plantation of trees like Accic[cz mang].urn and
CastJclrlrla  equi.seti/oJ].a   and   cultivation  of  water
loving    co-existing    crops    was    taken    up    in
experimental plot. An area of 2640 m2  was converted
into  four  elevated  platforms  or  20  in  x  20  in  each
with  the  excavated  soils  from  the  adjacent  20  in x
10 in area and alsc> from a strip of Ilo in x 4 in (Fig.  1) .
The experimental ponds were 27  in x 27  in,  30  in x
30  in,  a.nd  34  in x  34  in at  the  top  with  2  in depth
and  side  slope  1: I  ln  experimental  plot  1,  2  and  3,
respectively. The excavated soils were spread around
the  pond  to  elevate  the  surrounding  area  so  as  to
keep the water table below 2 in from ground surface.
Hume pipes of 30 cm diameter and 4 in length were
used  as  inlet  and  emergency  outlet  of  the  pond.
Since the objective of the  study was to  store  excess
water for reclamation of waterlogged area,  the area
of the  ponds was kept within 20  to  25% of the total
area  considering  the  water  balance  component  of
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the study area. There was a net increase in elevation
of  platforms  by  0.65  in  in  comparison  to  original

ground   level.   Acac{.a  mcmg{ttm   and   Cczsucir{"
equ{.setiro!I'a were  planted  in  two platforms  (starting
from  right)  each with a spacing of 2  in x 2  in in  the
fourth   week   of  LJuly   2004.   The   layout   of  the
experimental  plot  4  is  given  in  Fig.1.

+10m+                   110m

Sollplatform

20m  x  20m

20m  x  20m 20m  x  20m

20m  x  20m Acac'a Acac'a

Casuarlna Casuarlna mang,urn mangium

Fig.1.  Layout  of  biodrainage  experimental  plot

RESULTS  AND  DISCUSSION

Rainfall  analysis  and  hydrology

The  annual  rainfall  varied  between  951.6  mm

(1996) to 2218.7 mm (2001) with 55% of all the years
have  rainfall  below  normal.  Eighty-four  percent  of
the  total  rainfall  occurs  between  June  to  October.
Normal rainy days in a year are  105, maximum was
129  (1983),  and  minimum  was  86  days  (1979).  The
weekly  maximum,   minimum  and  normal  rainfall
observed  during  1975-2003  are given  in  Fig.  2.  The
comparison  of  weekly  rainfall  and  evaporation  is

given  in  Fig.  3.  From  Fig.  3  it  is  observed  that  the
rainfall  was  higher  than  evaporation  during  24th
week  to  43rd  week  causing  water  congestion  and
excess  water  was  stored  in  ponds  for  aquaculture
and for irrigating rabi crops including vegetables and
other  cash  crops.   Evaporation  was  higher  than
rainfall  during  44th  week  to  23rd  week  indicating
that  irrigation  was  required  if  any  crop  was  to  be
grown  during  this  period.

Fig.  2.  Weekly  maximum,  minimum  and  normal  ralnfaH
observed  during  1975-2003
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Fig.  3.  The  comparison  of weekly  rainfall  and  evaporation

The weekly rainfall data at different probability
levels  are   given  in   Fig.   4.   Depending  upon  the
requirement of rainfall at different probability levels
design  of different  structures  was  considered  such
as field bunds, ponds, emergency spillway, drainage
system,  etc.

It was found that Log Pearson type Ill PDF fitted
well  (Fig.  5)  to  the  observed  data.

The  water  table  fluctuation  with  respect  to
rainfall  (mm)  in  different  standard  meteorological
week  was  given  in  Fig.  6.  The  different  notations
used  in  the  figure  are:  EP  stands  for  experimental
plot  number  and   P  denotes   platform   number
(elevated  portion  where  soil  was  deposited)  and  D
denotes depressions from where  soil was excavated
to  form  the platform.

From Fig. 6 it was observed that in Experimental

plot 4  (EP 4),  the water table below ground level was
deeper in comparison to other experimental plots. The
desirable  condition  for  any  crop  to  grow  better  was
that the water table  should be below root zone depth
(i.e. 2 in in many cases), otherwise the area was called
as  waterlogged.  Hence  after  the  rirst  year  of work,
where  the  biodrainage  component  was  negligible,  it
was seen that the land modirication alone had changed
the water table regime making it better and  suitable
for crop growth in comparison to other plots.

Fig. 4. Weekly rarnfall  at different probability levels at Bhubaneswar

I   twulD*^

i   rJ.irrwhrm

Log Pearson Type IH

Wcibull Probability

Fig.  5.  Fitting  of  maximum  one  day  rainfall  with
Log  Pearson  type  Ill  distribution

Fig.  6.  Water table  fluctuation  in  different  experlmen`al

plots  and  rainfall  ln  2004

Soil  analysis

The  soil  analysis  showed  that  the  experimental
plots 1, 2, and 3 have highly acidic soil with pH ranging
between 3.5 to 4 for top soil and with increase in depth
the pH va.ried between 3.6 to 4.1  up to a depth of 60
cm  which  might  have  happened  due  to  continuous
waterlogging  and  washing  of  top  soil  and  base
materials.  The  pH  of  the  soils  of  the  raised  beds/
platforms was closer to neutral or slightly acidic values
ranging from 5.6 to 6.5. The available organic carbon
was very low in  almost a.Il  plots.  The  organic carbon

(OC) varied from 0.21  to 0.46% for plot  1, 0.39 to 0.67
for plot 2, 0.29 to 0.46 for plot 3.  In expenmentaLl plot
4,  the  OC  on  platforms were  however  still  low:  0.16-
0.42 for plaLtform  1, and 0.20-0.32 for platform 4. This
might  have  happened  as  platforms  were  made  with
the  help  of  soils  excavated   from   the   adjacent
depressions. The top  soil of the platform was the soil
excavated  from  lower  depth.  The  OC  of soils  of  the
depressions  was  lowest:  0.17-0.23  for  depression   1
and 0.13-0.1€  for depression 3.

GTowth  parameters  of biodrainage  plantation

The  different  growth  parameters  observed  in
biodrainage plantation is given in Table  1  for Acaci.a
mcmgium and  Casuarma equ{se£!/o!!ci.  The  different

growth parameters observed were height (cm), collar
diameter (mm), and diameter at breast height (DBH)

(mm)  at  the  time  of  planting  and  then  at  every  3
months  after  planting  (MAP).
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Table  1.  GToujth parameters observed in biodralnage plenta:tion
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Paranetcrs Acacia maginm Casuarina equisetifoha
Time  since Height Collar dianeter DBH Hel8ht  (cm) Collar diameter DBH

plantation (cm) (mm) (mm) (cm) (mm) (mm)

During planting 40.0 3.5

20.6

67.5 4.0 -
3MAP 91.5 8.9 105.3 10.i -
6MAP 148.3 38.7 209.6 23.6 11.3

9MAP 292.8 73.6 36.2 342.4 50.3 20.7

12  MAP 361.2 92.0 51.4 428.0 60.8 31.1

In  Acac].a mangittm,  the  net increment in  plant
height over initial was  128.8%,  270.8%, 632%, 803%
after  3,  6,  9  and   12  months  after  planting  (MAP),
respectively.   The   net   increment   (NI)   in   collar
diameter  was   154%,   1057%,   2002%,  and  2528°/o,
respectively during  the  same  period.  However  DBH

(diameter  at  breast  height,   i.e.   at   1.37  in  from
ground)  was  recorded  as  20.6  mm,  36.2  mm  and
51.4   mm   at  6,   9   and   12   MAP,   respectively.   In
Casuan.nci  equiset!/o![.a  plant  height  increased  to
105.3   cm   (net  increment  of  560/o),   209.6   cm   (NI
210%),  342.4 cm  (NI 407°/o),  and 428.0 cm  (NI  534°/o)
after  3,   6,   9   and   12   months   after   planting,
respectively.  The  net  increment  in  collar  diameter
was  152%,  490%,1157%,  and  1420%  after  3,  6,  9,
and   12  MAP  respectively.  The  diameter  at  breast
height  attained   11.3  mm,  20.7  mm  and  31.1  mm
after  6,  9,     and   12  months  after  planting.  Thus
Accic].a  rriclngt.urn was  faster  both  in  terms  of height
and   collar  diameter  than   CcistJarfna.   However
Casuar!`na  stem  was  less  tapering  than  Accicia
mczngi.ttm  at  12  months  after  planting.  The  average
mortality of trees after one year for both the species
was very less  (<  6%).

From all above observations it could be said that
the  reclamation   of  waterlogged   degraLded  area
through  biodrainage  gave  encouraging results.
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Feasibility  of Intercrops  in Drip  Irrigated
Banana in Coastal 0rissa

S.  MOHANTY,  R.C.  SRIVASTAVA and  R.B.  SINGANDHUPE

Water Technology  Center for  Eastern  Region
Chandrasekharpur.  Bhubaneswar-751  023,  Orissa

Drip  irrigation  systems are very  suitablo for orchard  crops  especially  in  the  areas where water
is  scarce  or  expensive.  But,  longer  gestation  period  of  orchard  crops  is  a  major  coristraint
towards  crop  diversification  by  small  and  marginal  farmers.  This  constraint  can  bo  overcome
by  having  an  intorcrop.  So,  in  ord.I  to  ovaluate  the  feasibility  of  intercrops  in  drip-irrigated
banana,  an  experiment  was  conducted  at  the  Water  Technology  Center  for  Eastern  Region
research  farm,  Bhubaneswar,  which  lies  in  ll`e  coastal  belt of Orissa.  The  ti.eatmeilts  were  (1)
sole  banana.  (2)  banana  plants  with  unirrigated  turmeric,  (3)  banana  plants  with  unirrigated
cowpoa,  (4)  banana plants with microtube-irrigated turmeric, (5)  banana plants with  microtube-
irrigated cowpea, (6) banana plants with extension tube-irrigated turmeric, and (7) banana plants
with  in-line  di.ipper-irrigated  cowpea.  Th.  microtubes  and  extension  tubes  wore  taken  out  of
the  laterals  to  irrigate  tlie  intercrops  whereas  the  in-line  drippor  was  taken  out  directly  from
the  submain.  Microtubes  and  extension  tubes  taken  out  of  laterals  did  not  affect the  quantity
and  uniformity  of distribution  of water to  banana.  The  intercrops  did  not  affect the  vegetative
growth and yield  of main  crop banana.  Both the intercrops were feasible and  cost effective and
between  ttie  two,  turmeric  was  more  remunerative.  The  additional  benefits  from  the  turmeric
intercrop irrigated  by microtubes and extension tubes were Rs.  24,700.00 and Rs.  24,200.00  per
hectare  per season,  respectively.  The  additional  benefits  from  tlie  cowpea  interciop  irrigated
by  microtubes  and  in-line  drippers  were  Rs  11,000.00  and  Rs.  7200.00  per  hectare  per  year,
respectively.

(Key words .. Banana,  Drip imgation, Intercrop)

Drip irrigation systems are suitable for orchard
crops.   But  the  long  gestation  period   in  case  of
orchard  crops  is  a  major  constraint  towards  crop
diversification by small and marginal farmers.  Here
intercropping can be useful where the vacant space
left by the long duration and wide spaced crops are
suitably  utillzed  by  the  short  duration  and  close
spaced  crops  in  order  to  obta.in  an  increased  and
early  Income   from   the   land.   Banana  being  a
relatively long duration and wide spaced crop, there
are  good  opportunities  for  growing  of  intercrops.
Leguminous intercrops have the potential to increase
the fertility status of the soil and thereby compliment
the   main  crop  t)anana.   Different  workers  have
worked  on  different  intercrops  in  banana.  Chacko
and   Reddy   (1981)   found   thaLt   at   Bangalore,
1ntercropping with cowpea drastically reduced weed

growth with  corresponding  higher yield  in  Robusta
banana.  For  Basrai  banana  spaced  at  1.8  x  1.8  in
in  medlum  black  soil  in  South  Gujurat,  the  most
economic intercrop was turmeric (Chunda.wat et Q!.,
1984), although it did not have any significant effect
on growth, fruit yield and quality. Some farmers take
early cauliflower,  cabba.ge and yam  in  early growth

period  of  ratoon  crop  which  are  harvested  before
flowering  of  bana.na.   Maharana  and   Das  (1986)

found  onion  to  be  the  best  in  Orissa.  According  to
Baghel  et aJ.  (1986),  intercropplng of banana (Mt/ga
I.nd!ca)   with   moong   (Vtgria   radiata),   urid   (VI.grla
mungo),  soybean  (G!gc!rle majc),  groundnut (Aracht.s
hgpogeci)   and  cowpea  ( VIgnci  ungutcuicite)  had  no
slgnificant  adverse  effect  whereas  intercrops  gave
additional  returns,   Vigncl  mungo  being  the  best
intercrop.  In  Kerala,  intercropping with  vegetables,
such  as  brinjal,  colocasia,  yam,  discorea,  chillies
and  ladles  finger  in  wetland  is  common.  Nybe  et aJ.

( 1991 ) reported that intercrop with banana was most
effective   and   economic   method   of  weed   control
compared  among  different  weed  control  measures.

But as no studies have been dc>ne on intercrops
in drlp irrigated banana,  a study was conducted at
WTCER,  Bhubaneswar to evaluate the performance
of  dlfferent  intercrops  ln  such  systems.   In  the
present  study,  two  intercrops,   i.e.  turmeric  and
cowpea  have  been  tried.

IVIATERIALS  AND  METHODS

The  banana  plants   (robusta  cultivar)   were

planted in the last week of LJune'2002 in the WTCER
research   farm,   Mendhasal,   Bhubaneswar.   The
intercrops,  namely turmeric and  cowpea were  tried
with  different  irrigation  systems.  The  treatments
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were  sole  banana  (T-I),   banana  with  unirrigated
turmeric (T-2),  banana with unirrigated cowpea (T-3),
banana  with  microtube-irrigated   turmeric   (T-4),
banana  with   microtube-irrigated   cowpea   (T-5),
banana  with  extension  tube  with  dripper-irrigated
turmeric  (T-6),   and  banana  with  in-line  dripper-
irrigated  cowpea  (T-7).  Drip  irrigation  system  was
Installed    and    started    operating    from    mld-
November'2002.  Irrigation to the banana plants was
applied at the rate c)f IW/CPE=0.8 as this was found
as  the  best  Irrigation  schedule   in   the  existing
situation (Srivastava,1999).  Canopy area was taken
as  the  base  for area of application of water.  In  this
method,  the  total  amount  of water  applied  to  the
banana  plants  up  to  31st  May  was  492  mm.  The
amount of rainfall  during the  abc)ve  period was  Ilo
mm. The microtubes or extension tubes were taken
out of lateral llnes to Irrigate the intercrops.  The in-
line  dripper  tube  was  taken  out  directly  from  the
submain  line  to  irrigate  the  cowpea  intercrop.  The
layout  of the  microtubes,  extension  tubes  and  in-
1ine   drippers   are   shown   in   Fig.    1.   Durlng   the
experiment,   one   crop   of  turmeric   was   taken.
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Turmeric  was  planted  in  the  month  of June  and
Irrigation was given only after the rainy season was
over.  Due  to  it's  short  duration,  two  crops  of cowpea
were taken up, one during khanrand other during rabi'.
No irrigation was applied to the  khan/cowpea crop.

The hydraulics of the drip irrigation was studied
by   comparing   the   unlformity  coefficient   and
discharge of the drippers along the laterals (i) where
no tubes were taken out,  (2) where mlcrotubes were
taken out,  (3) where extension tubes were taken out
and (4) where in-line drippers were provided between
the laterals. The emissic)n uniformity was calculated
using  the  following  relationship:

EU=  (i-in/D)   x   l00%,                                                      (1)

where,   EU=   Emission   uniformity,   D   =   Average
discharge  of the  emitter,  in =  Mean  deviation  of the
discharge  from  the  average.

Vegetative  growth  parameters  of  the  banana
under  different  treatments  were  observed  on  31st
January   '2003,   31st   March   '2003   and   30th
June'2003 and compared with each other. The yield
and   number  of  fingers   per  bunch  in   different

Fig.1.  Methods  of  irrigation  of  inter  crops
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treatments were also recorded. The vegetative growth
and  weed  population  in  both  the  intercrops  were
monitored.  Among  vegetative  growth  parameters,  in
case  of  turmeric,   plant  height  and  leaf  areaL  were
observed. In case of cowpea intercrop, only plant height
was  observed.  The  yield  of  turmeric  and  cowpea
intercrops under varlous treatments were recorded and
the additional benefit from  intercrops under different
treatments was calculated considering the cost of seeds,
fertilizers, irrigation system,  labour, pesticide, etc.

RESULTS  AND  DISCUSSION

Hydraulics  of drip  system

The  emission  uniformity  and  discharge  of the
drippers  as  affected  by  the  modification  of  the
laterals is shown in Table  1. The emission uniformity
along the  laterals  where  no  modification  was  done
was  found  to  be  89%.  The  emission  uniformity  of
the  dripper  along  a  lateral  line  was  86°/o  where
microtubes were taken out and 87% where extension
tubes were taken out. The emission uniformity was
88.5% where in-line drippers were taken out betweeri
the laterals. The discharge of the dripper§ varied from
3.4 to 3.6 liters per hour among different treatments.
So,  it  indicates  that  the  water  application  and
distribution  to  the  banana  plants  through  drippers
were  not  significantly  affected  by  the  modifications
carried out to irrigate the intercrops.

Vegetative growth parameters and yield of banana

The  vegetative  growth  parameters  of  banana
were measured  in  the  last week of January,  March
and  June.  The  vegetative  growth  parameters
indicated  that  there  was  no  significant  difference
between  the  different  treatments  except  in  case  of
pseudostem  girth values  in  the  last week of March
and  June.  There  was  no  significant  difference
between the fruit yield values and number of fingers
per bunch under different treatments. But the yield
and  number  of fingers  per  bunch  were  less  in  no-

Table  1. Emission unifbTmity and discharge as
offected bg modif icattons for imgating intercrop

Modification in  the Emission Average
system for main  crop uniformity  (%) discharge  (lph)

Without any 89.0 3.60

modification
860 3.40with microtube for

irrigation of mtercrop
87.088.5 3.553.50With drippcr and

extension tube for
intercrop

With  in-line  drippers

intercrop  treatment  when  compared  with  other
treatments.  This  indicated  that  the  intercrops  did
not have any adverse effect on the banana crop  The
pseudostem  girth  values  recorded  in  the  last week
of March  and LJune  in  cowpea-intercropped  banana
were significantly higher than these in no-intercrop
treatment.   So  cowpea  may  have  same  beneficial
effect  on  banaLna.  This  may  be  attributed  to  the
leguminous nature  of the  crop  (fixation of nitrogen)
and  the  control of weeds.

Vegetativo  growth   parametor§,  yield  and  weed
population  in  intercrops

The  vegetative  growth  parameters,  yield  and
weed population in turmeric intercrop with different
imgation  treatments  are  shown  in  Table  2.  The
height  of  the   plants   and   leaf  area  in   case   of
microtube-irrigated turmeric were marginally better
than extension tube-irrigated plants.  But the yields
were  marginally  better  in  case  of  extension  tube-
irrigated plants. This can be attributed to lower weed
growth in case of extension tube-Irrigated turmeric
crop  in  comparison  to  microtubes   The  vegetable
growth parameters, yield and weed population were
lowest  under  no  irrigation  treatment.  Lesser  weed

growth in no irrigation treatment could be attributed
to lower water availability.

The  vegetative  growth  parameters,  yield  and
weed  population in  cowpea intercrop with different
irrigation treatments is shown in Table 3. The yield
and plant height were better in microtube Irrigation
treatment.   So,  microtube  was  the  most  suitable
method  of  irrigating  cowpea  intercrop.  The  weed
populations  in  cowpea  intercrops  were  much  less
than  that  under  turmeric  intercrops.  So,  cowpea
intercrops were  suitable  for weed  control.

Table 2.  Vegetatiue growth, yield and ujeed
population in turmeric

Treatment Plant Leaf area Yield Weed

hclght (cm2) (kg/m2) (g/m2)

(cm) popuLat]on

Microtube 80.0 332.5 I.01 620

Extension tube 79.5 312.0 1.05 480

No Irrigation 52.5 206.0 0.59 320

Table 3. Vegetative grouith, yieid and weed
population in cowpec.

Treatment Plant height Yield Weed

(cm) (g/m2) population(g/m2)

Microtubc 36.0 345 65

In-une  dripper 31.0 271 75

No irrlgation 20.5 74 80
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Additional  income  from  intercrops

The  additional  benefits  from  the  turmeric  and
cowpea  intercrop  were  calculated  considering  the

yield,  cost  of  irrigation  system,  cost  of  seeds  and
fertllizers, cost of labour and other costs. The benefit
in  case  of turmeric  intercrop irrigated  by microtube
or  extension  tube  with  dripper  were  almost  equal,
viz.  Rs.24,700.00 per ha and   Rs.  24,200.00 per ha,
respectively.   In  case  of  no  irrigation  (only  rainfall
was received),  the net benefit was Rs.10,  000.00 per
ha. This indicated that some irrigation was required
for  the  turmeric  intercrop  following  monsoon.  The
microtubes or the extension tubes were equally good
for  drip-irrigated  turmeric  intercrops.  The  annual
benefit  per  ha  from  the  intercrop  could  be  further
increased  if  some  other  intercrop  was  taken  after
turmeric  was  harvested.

The  additional  net  benefit  per  ha  in  case  of
cowpea  intercrop  in  robi  season  were  Rs.  4400.00
and  Rs.  600.00  for  microtube  irrigation  and  in-line
dripper  irrigation,   respectively.   In   case   of  no-
irrigation there was a loss of Rs.700.00 per ha. This
indicated   that  the  profit  from   in-line  dripper-
irrigated  rabl'  cowpea  intercrop  was  negligible  and
the  unirrigated  rob[' cowpea  intercrop  was  a  losing

proposition.  The  additional  net  benefit  in  case  of
unirrigated *hari/cowpea intercrop was Rs. 6600.00
per  ha.  So  the  total  benefit  from  a  khari/ cowpea
intcrcrop  and  microtube-irrigated   rcib[  cowpea
intercrop  will  be  Rs.   11,000.00  per  ha,  which  was

quite less than  a single  crop of turmeric.

Thus,  the  irrigated  intercrop  in  drip  irrigated
banana  was  feasible  from  hydraulic  as  well  as
economic  points  of view.  If  properly  planned,  the
returns  from  the  intercrop  should  pay  for the  drip
system  in  two years.  As the intercrop  like turmeric
cannot  be  grown  in  surface  irrigated  banana  (the
turmeric  will  rot  when   the  irrigation  water  will
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accumulate  in  between  banana  rows)  the  benefits
from intercrop can be an added incentive to shift to
drip irrigation for banana.  However the selection of
the crop should be done on the basis of its capability
to  grow  under  the  shade  as  well  as  its  economics.
In  fact  cowpea  may  have  some  beneficial  effect  on
banana due  to  its  leguminous nature.

CONCLUSION

The cowpea intercrop is remunerative to a lesser
extent.  Microtube irrigation is suitable for irrigating
the  cowpea intercrop.
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Effect  of Organic  Mulch,  Soil Amendments  and  Soil
Configuration  on Yield  of Onion  and  Soil  Properties
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A field experiment was conducted to study the effect of surface organic mulch, soil amendment
and  soil  configuration  on  the  yield  ot  onion  crop  under  a  silly  loam  §oil   in  coastal  region  of
Saurashtra  in  Gujarat.  Pearl  millet  husk was  used  as  surface  organic  mulch  applied  at  3t  ha-1.
Gypsum was  broadcast at 5 I ha-1  and incorporated  before sowing. The furrow of 15 cm deep  by
45 cm wide was made. The resLilts  revealed the treatment of flat bed with surface organic mulch
gave  significantly  higher  onion  bulb  yield.  The  effects  of  the  gypsum  and  soil  configuration
wore  found  non-significant  on  the  yield  ol  onion  bulb  in  the  pooled  data.  The  maximum  net
return of Rs.  22220  ha-1  with net CBR 1 :22.2 was also noted with flat bed  undei. mulch treatment.

(Key u)ords  :  Onton yield,  Organic rrLulch,  Sotl amendments,  Soil configuration)

Onion is  one  of the  major cash  crops  grown in
Mahuva and Talaja under Shentruji command area.
Fainers use  ground  water,  which  is  over-exploited
in this area.  Because of over-exploitation, its quality
deteriorated  rapidly.  Under such  condition  the  soil

properties  and  thereby  crops  yield  were  adversely
affected.  A  field  experiment  was  therefore  planned
to  conduct  on  farmer's  field  of  Mahuva   fci!nka  to
study the effect of soil configuration, organic mulch
and  soils  amendments  on  the  Yield  of onion.

MATERIALS  AND  METHODS

A   permanent   site   field   experiment   was
conducted  on  coastal  soil  of  Saurashtra  for  three
years during robl. season from the year 2000 to 2003
in  RBD  with  four  replications  at  the  farmers'  field

(Village:Vadli,   Ta!wJca:   Mahuva,   Dist:   Bhavnagar)
with  crop  onion,  cv.  Talaja  red  (Lc)cal  variety).  The
treatments were Tt:  F`lat bed  (Fb,  Control),  T2:  Fb  +
Mulch  (3  t ha-1),  T3:  F`b  +  Gypsum  (5  t ha-1),  T4:  Fb  +

Mulch  (3  t  ha-I)  +  Gypsum  (5  t  ha-I),  T5:  Ridge  and

a;;rs°uwm(FgF)i:.6LR¥8F+R#h+(3M:fcah]}3Tt7hRa¥,;:
Gypsum (5 t ha-I). The experimental soil had texture
silty loam,  EC  (ds  in-I)  I.3,  pH  8.2,  Cac03 28 g kg-I,
ESP  8.5,  OC  4.3  g  kg-1,  available  P205  35.4  kg  ha-I
and  available  K20  510  kg  ha-I.  The  half N  and  full
P205 and K20 of RD-recommended dose (75.0  : 60.0:
50.0  N  :  P205  :  K20  kg  ha-i)  were  applied  as  basal
and  remaining  half dose  of  N  of  RD  as  split  at  30
days  after  planting  of  onion  seedlings.  The  plant

spacing   of   15   x   10   cm   was   adopted   for  onion
seedlings. The mean annual rainfall of the area was
about  400  mm  with  erratic  distribution.  The  slope
of the study area was less than 2 percent, with little
variation in physiography. The onion crop grown in

plots  was  subjected  to  irrigation  by  flood  system.
The  values  of  EC  (ds  in-t)  and  pH  of the  irrigation
water were  2.26  and  7.88,  respectively.

RESULTS  AND  DISCUSSION

The  onion  bulb yields  were  significantly  affected
due to different treatments (Table  1). The pooled results
revealed  that  the  treatment  of flat  bed  with  surface
organic  mulch  gave  significantly  higher  onion  bulb

yield  and was at par with the treatment of ridge  and
furrow with mulch. The surface organic mulch under
irrigated conditions resulted in higher initial Infiltration
rates (Arika and Lenga, 2000). Such an imprc>ved trend
in  the  onion  bulb  yield,  following  mulching,  could

possibly be attributed to moderated soil hydrothermal
regime (Sharma and Parmar,  1998) which resulted in
an enhanced growth and activity of roots and shoots.
The effects of the gypsum and soil configuration were
found non-signiricant on the yield of onion bulb in the

pooled data.

The perusal of data presented Table 2  revealed
that  the  treatment  of  flat  bed  with  mulch  gave
significantly  higher  bulb  yield  of  onion.  Similarly,
the maximum net return of Rs.  22220 ha-I  with net
CBR  1 :22.2 was also noted under flat bed with mulch
treatment.
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Table  1.  Effect of different treatmeut on bulb yield of ortion (t ha-I )
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Treatment Bulb  yield  (t  ha-I) Pooled

2001-02 2002-03 2003-04

Fb  (Control) 42,73 63.20 47.69 51.21

Fb+Mulch  (M) 46.09 76.63 65.75 62.82
Fb+Clypsum(G) 44.89 66.44 56.02 55.78
Fb+M+G 48.99 64.59 53.71 55.76
R  .R.  F 43.92 55.79 50.47 50.06
R a  F+Mulch 51.07 68.76 50.93 56.92
R  &  F+Gyp. 44.26 61.81 49.08 51.72

R  &  F+M+G 49.80 63.20 51.16 54.72
SBm± I.69 I.64 2.04 2.20
CD  at  p=0.05 4.94 4.81 6.01 6.66
C.V.  % 7.23 5.03 7.69 6.54

Table 2.  Economics of tTeatmeTits for rabL onion crop

Treatment Bulb  Yield Additional Additional  bulb Total additional Total additional Net  CBR
(t  ha  I) bulb yield  over yield  income expenditure income  over

Control  (t  hall) over  control over  control control
(Rs.   ha-1) (Rs.   ha-I) (Rs.   ha-I)

Fb  (Control)Fb+Mulch 51.2162.82

11.61 23220 1000 22220 I:  22.22

Fb+Gypsum 55,78 4.57 9140 1250 7890 1:   6.31

Fb+M+G 55.76 4.55 9100 2250 6850 I.   3.041:4.71

R&F 50.06 -I.15 -2300 1000 -3300

R  &  F+Mul. 56.92 5.71 11420 2000 9420
R a  F+Gyp. 51.72 0.51 1020 2250 -1230 -
R  &  F+M+G 54.72 3.51 7020 3250 3770 I:   i.16

Price  of the  materials considered  and  application  charge  :

Onion  bulb              :  2  00  Rs.  kg-I                        Husk  of pearl  millet  (mulch)               :   1000  Rs.  t-I

Gypsum                     :  250  Rs.  t.I                            Cost of ridge  and  furrow                       :  1000  Rs.  ha-I
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Feasibility  Studies  of Growing Pumpkin  as  Intercrop  in
Coconut  under Coastal Littoral  Sandy  Soil
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Kasaragod  -671124,  Kerala

Coconut is  grown  in  coastal  littoral  sandy soil,  which  occurs  all  along  the  coastal  sandy  tract
of the  West  and  East  coasts  of the  Peninsular  India  lying  mostly  in  Korala,  Karnataka,  Tamil
Nadu,  Andhra  Pradesh,  Ori§sa  and  Maharastra.  Coastal  littoral  Sandy  soils  are  mainly  skeletal
soils,  consisting  of  99.1   percent  sand  particle  characterlzed  by  poor  water  holding  capacity,
high  infiltration rate, easy  leachability and  low inherent fertmty status.  Even though  coconut is
a widely spaced crop, the  intorspace cannot be utilized for growing of intercrops in sandy soils
under normal  conditions.  However,  by  adopting  proper soil  and  water  conservatlon  measures
intercropping can  bo practised  in the coconut garden under coastal sandy soil.  Keeping  this in
mind , a field experiment was conducted to study the feasibility of growing pumpkin as intercrop
in the coconut garden  by adopting various soil  and water conservation  methods  under coastal
sandy  soil  at  central  Plantation  Crops  Research  Institute,  Kasaragod,  Kerala  during  October
2004 to  February  2005.  The treatments  included sell  moisture conservation  measures,  viz.  one
layer drlod  coconut  husk  burial  in  the  pits  and  sowing  of  pumpkin,  coirpith  application  in  the
pits  and  sowing  of  pumpkin,  and  control  (without  any  soil  and  water  conservation  measures)
and  sowing  of  pumpkin.  The  exporimental  results  revealed  that  pumpkin  can  be  succe§sfuMy
grown  as  intercrop  in  the  coconut  garden  in  coastal  sandy  soils.  Among  the  treatmonts,
colrpith  application  in  the  pits  and  sowing   of  pumpkln,   resulted  in   higher  pumpkln  yield
(10.1  tonnos  ha.1).

(Eey ulo..ds: Coastal sandy soil Husk and coiTpith, Pumpkin yield)

Coconut  in  India  is  primarily  a  crop  of  small
farmers.  About 98%  of the  coconut holdings  in the
country are less than 2.0 ha and more than 90% of
them are less than  1.0 ha in size. The income derived
from such small holdings is not sufficient to sustain
even the small families. Coconut based intercropping
systems,  involving  cultivation  of compatible  crops
in  the  interspaces  of  coconut  offer  considerable
scope for increasing production and productivity per
unit area, and more efficient utilization of resources
like sunlight, soil, water and labour. Vegetable crops
constitute one such group of annuals which can be
conveniently grown as intecrops in a coconut garden
to  alleviate  such  problems.   India  is  the  second
largest  producer  of  vegetaLbles  in  the  world  and
accounts for about  15°/o of the world's production of
vegetables. One of the waLys to Increase the production
of vegetables  is  through  intercrops  in  the  coconut

garden. Various research workers have reported about
the feasibility of growing vegetable in a coconut garden
in  different  countries  (Abilay,   1983,  Liyanage  et  ci!.,
1984,  Rethinam,  1989,  Hegde  e{ a!.,  1993).

Coconut,  the tree of heaven is highly amenable
for cultivating intercrops in the interspaces because
of its  wider  spacing.  In  India,  coconut  is  cultivated

in about 1.92 million hectares.  Growing of vegetables
in between the coconut palm in coastal littoral sandy
soil  is  not  feasible  under  normal  management
practices.  This  is  mainly  because  of poor  inherent
physicochemical properties of the coastal sandy soil.
The  coastal  sandy  soils  are  mainly  skeletal  soils
consisting of 99.1  percent sand particles.  So growing
any annual/biannual/perennial in the interspaces
of coconut  palm  is  possible  only  by  improving  the
physiochemical   properties   of   soil.   Pumpkin
(C`ucttrbita  moschafa  Poir)   is  one  of  the  pc>pular
cucurbits  grown  in  India.  Low  cost  of  production,
long keeping quality and comparatively high content
of caroteine in fruits have enhanced the usefulness
of the crop.  Keeping this  in view,  a field experiment
was started with the objective to study the feasibility
of  growing  p`impkin  as  intercrop  in  the  coconut
gclrden in coa.lal sandy soil under different soil and
water conservation  measures.

MATERIALS  AND  METHODS

The  investigation  was  carried  out  from  the

period November 2004 to  February 2005 at Central
Plantation  Crops  Research  Institute,   Kasaragod

(12°30'  N  latitude  and  75°00'  E  longitude  with  an
elevation  of  10.7  in  above  mean  sea  level).



Intercrop  in  coconut

The experiment was laid  out in the 40 year-old
WCT  coconut  garden.  The  soil  of the  experimental
field  was  sandy  (Quartzip  samments)  having  99.I

percent sand,  0.2  percent  silt and  0.7  percent clay.
The pro-experimental physicochemical properties of
the  soil  cif  the  experimental  field  are  given  in  the
Tables   I   (a,b).

Table  la. Physical characteristics of the
expenmental field soil

Field  capacity  (%)

Permanent wilting point  (%)

Jri  s[tu  bulk  density  g.cm-3

Texture

Clay  (%)

Silt  (%)

Fine  sand  (o/a)

Coarse  sand  (%)

Textural class

0.7

02

3.3

95.8

Sandy  soil

Table  lb. Chemieal composition Of the
experineutal f ield soil

1. Available  nitrogen  (kg  ha-i) 34.8

2. Available  phosphorus  (kg  ha.I) 23.05

3.4, Available  potassium  (kg ha-I) 12.5

Organic  carbon  (%) 0.139

The  experiment  was  laid  out  in  randomized
block  design  with  seven  replications  and  three
treatments.  The  treatments  are  T[:   Coconut  husk
burlal in the plts, T2:  5 cm thlck colrpith appllcatlon
in  the  pits,  and  T3:  Contrc)I.  For  the  husk  burial,  a

pit  was  opened  measurmg  75  cm  wide  and  30cm
deep,  and one layer of husk was applied in a convex
manner (husks from  10 coconuts was used to cover
the  pits).  In  the  case  of T2  treatment,  trench  was
opened measuring 75 cm wide and 30 cm deep and
10  kg of coirpith  per pit was  applied.  In  the  control

plot only pits were opened,  Application of farmyard
manure @  2.5  t  and  vermicompost @  2,5  t  per  ha
were  applied  uniformly  to  all  the  treatments.  Then
the   pits  were   filled  with  soil  and   the   sowing  waLs
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taken  up.  Sowing  was  done  during  the  month  of
November 2004. Cultural practices as recommended
by  the  Kerala  Agricultural  university  was  adopted
for pumpkin  (Kerala  agricultural university,  2002).
Sprinkler system of irrigation was practised with 20
mm  of water  at  IW/CPE  ra.tio  of  1.0.

Soil  samples  were  collected  on  the  fourth  day
after irrigation from 0-30 cm depth using tube augur
and  soil  moisture  was  estimated  by  gravimetric
method.   Observations  on  growth  characters  were
taken  from  five  tagged  plants  per treatment at the
time  of  harvest.   Statistical  analyses  were  done
following  Gomez and  Gomez  (1984).

RESULTS  AND  DISCUSSION

The results revealed that soil drawn from husk
and   coir  pith   treatments  retained   higher  soil
moisture  content  during  the  rainless  period  (Nov-
Feb)  compared  with  that  in  control  plots  (F`ig.   1).
Higher  soil  moisture  content  in  the  coirpith/husk
burial  treatments  due  to  coirpith/husk  materials
could  absorb  and  retain  more  moisture  in  the  soil.
Child  (1964)  also  reported  that  coir  dust  improved
the  retention  of moisture  in  the  soil.

Growth  and  yield  parameters

Pumpkin  responded  well  to  husk  and  coirpith
application  (Table  2).  The  coirpith  application  and
husk  had  significantly  influenced  the  growth  and
yield parameters.  It is clearly evident from the data

Nov                         Dec                           Jan                          Feb

Fig.1.  Effect  of different treatments  on  soil  molsture  content

Table 2.  Effect of  dlfferent treatments on grou)th artd Wield parameters Of pumpkin

Treatment Vine  length Fruit/vine Fruit  diameter Fruit length Average fruit Fruit yield

(cm) (cm) (cm) (cm) wt ( kg/fruit) (t/ ha)

Tl 632 2.8 60.6  . 27.4 1.94 9.46

T2 656 2.8 62.6 29.0 2.10 10.12

T3 542 i.9 51.3 23.6 1.26 6.21

CD  at  p  =  0.OS 62 0,2 80 NS 0.40 0.87
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that  when  the  soil  was  incorporated  with  coirpith
or husk, irrespective of the source used, the yi?ld of
pumpkin  increased  significantly  compared  to  that
under  control.   The  yield  under  coirpith  and  husk
application were  however,  at  par.  Higher fruit yield
under husk and coirpith application may be  due to
beneficial effect of coirpith  application and husk in
the  pits,  viz.  higher  soil  moisture  availability  and
increased   nutrient  availability  and   enhanced
biological   activities  in  the  rhizosphere.  It has  been
found  t.hat  by  incorporation  of 2  percent weight  of
coirpith with sandy soil,  the water holding capacity
of  the  latter  was  increased  by  40  percent.    Thus,
pumpkin can be  successfully grown as intercrop in
coconut gardens under coastal  sandy soil with  soil
and  waLter  conservation  measures.
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Floral  Biology  of Moringa  in  Karaikal  (Mo#.#g¢  a/cz/cr# Lam)
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Studies wore carried  out at the Department of Horticul(ure,  Pandit Jawaharlal  N®hru Coll®g® of
Agriculturo and  Research Institute,  Karaikal during September 2003 to Docomb®r ZOO. to gather
information on floral biology in moringa (Aloringa o/e/./era Lam.) CVS. PKM 1 and PKN 2, Flovvering
was  observed  throughout  the  year  and  peak  flowering  was  rocord®d  dLiring  April-Way  and
September-October, while peak fruiting was observed during May and October lor Summ®r aiid
rainy  season,  respectively.  Anthesis  continued thi.oughout  the  day with  two  peak  tim® at 9.30
am  and  6.30  pin.  Stigma  was  receptive  a  day  prior  to  opening  and  continued  upto  th®  day  of
opening  with  ma]{imum  receptivity.  Pollen  grains  exhibited  good  g®rm!nation  and  maxlmum
pollen  tube  growth  was  noticed  in  15  percent  SLicrose  medium.  Pollen  viability  p.rc®nt  on
acetocarmine staining  method was 98 percent in PKM  1  and 99 percent in Pr{N 2.  Poll.n grains
stored  in  refrigeration  (3°C)   lost  vlability  witlijn  seven  days  and  under  room  t®mp®ratur®
(2§o-3o°C)  within throe  days.

(Ecg ulord.:  Floral biology, Monnga, Anthes\s, Stigrr.a receptunty, Pollen tube gTouth)

The knowledge of floral biology is a pre-requisite
for   embarking   upon    a    crop    breeding   and
hybridization programme. The success of pollination
and  fertilization depends upon whether the  signals
carried by the pollen are recognized by the receptors
in  the  stigma,  pollen  viability,  pollen  germination,

pollen  production  and  other  pollination  steps.
Moringa  (Mon.nga  ole!/era   Lam)   is  one   of  the
commercial  vegetable  crops  in  India  especially  in
South  India  in  which  time  of  anthesis,  anther
dehiscence, pollen viability, germination and stigma
receptivity,  and  fruit  set  studies  have  not  been
undertaken  in  details.  Moreover  in  this  crop,  even
though thousands of flowers were produced per tree,
fruits are not developed from all the flowers formed.
The fruit yield can  be increased if the knowledge of
exact  floral  biology,  varieties  and  seasonal  effects
were  known  to  the  growers  and   researchers.
Therefore the present investigation was carried out
on .floral  biology  of two  moringa  varieties  (cv.  PKM
and PKM 2)  in summer and rainy season which will
serve  as a  guide  to  the  breeder to  develop  efricient
breeding and  maximize  fruit yield.

MATERIALS  AND  METHODS

The  experimental  materials  consisted  of  two
varieties  of  moringa,  viz.  cv.  PKM   i   and  PKM  2.
Twenty-five  bearing  plants  in  each  variety  were
selected  and  marked  for  recording  observation  on

duration  of  flowering,   monthly  count  of  total
inflorescence  and  fruitg  produced  during  each
month,  anthesis  time,  stigma  receptivity,  pollen
production, viability, pollen tube growth, pomnation
study, and fruit set carried out in summer and rainy
reasons.

RESULTS  AND  DISCuSSION

The results of the present study on phenology
and floral biology revealed that the moringa flowered
throughout  the  year.  There  were  two  peaks  or
flowering, viz. October-November (rainy season) and
April-May (summer season) with corresponding two
fruiting  peaks  during  October  (rainy)  and  May

(summer) in both the vaneties. Continuous flowering
and    fruiting    in    moringa    was    reported    by
Pushpaganthan et al. ( 1996) and Sindhu (2002). The
two periods of peak fruiting in moringa was reported
by Muthuswamy ( 1954) and Indira and Peter (1988)
in South India, which support the present findings
(Table   1).  There  were  two  anthesis  peaks,  one  at
9.31  to  10. 00 am and the second around at 6.31  to
7.00 pin on the same day in both the varieties during
summer  and  rainy  season  (Table  2),  which  was

earlier  reported  by  LJyothi  et  a!.  (1990)  and  Babu
and  Rajan  (1996)  in  moringa,  and  thus  Supports
the  present  rinding  of two  peaks  rather  than  one
peak  flowering  in  moringa  as  earlier  rcportcd  by
Dcvar  ej a!.  (1981)  and Subramanian  et a!.  (1997).
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Table  1. Phenlogy of foowenng, fruiting in monngcL

Month Total number of No.  of flowers  per Total number of fruits

inflorescence per tree inflorescence produced per tree

PKM1 PKM2 PKM1 PKM2 PKM1 PKM2

R.iny Sea.onOctober2003
308 227 12195 589 106 90

November  2003 240 210 9210 4812 95 78

December  2003 141 196 3362 4158 46 60

January 2004 23 55 1795 2815 31 28

Febl.uary 2004 75 68 6110 3153 64 36

8unn.I 8¢.conMarch2004`
218 105 6321 7210 86 75

April 2004 285 264 10554 11246 158 158

May 2004 308 285 11026 10141 171 189

June 2004 264 245 7154 6754 141 114

July 2004 227 228 6143 5992 85 85

August 2004 246 185 5754 5027 58 64

blny 8c..onScptcmber2004
285 207 7785 4223 79 76

Table 2. Anthes{s in rrro   nga

Time Mean number of flowers opened in an inflorescence

PKM1 PKM2

Summer  season Rainy season Summer  season Rainy season

8.00an to 8.30 an 09 11 08 11

8.31  to  9.00  an 10 13 10 12

9.01  to  9.30  am 11 15 10 14

9,31* to  10.00  an 14 17 13 18

10.01  to  10-.3D  an, 7 11 8 12

10.31  to  11-00  an 5 8 6 9

11.01  to  12.00 an11.01anto5.00pin5.01to5.30pin 5 7 4 9

Less  than  2  flowers  opened

11 14 10 10

5.31  to  6.00 pin 12 14 12 13

6.01  to  6.30  pin 13 17 12 14

6.31  * to 7.00 pin 18 21 17 20

7.01  to  7.30  pin 12 15 14 16

7.31  to  8.00 pin 10 12 11 16

8.01  to  8.30  pin 8 10 10 12

8.31  to  9.00  pin 7 9 9 11

9.01  to  9.30  pn 6 9 8 10

9.31  tol0.00  pin10.01tolI.30pin11.31to500am5.31to6.30am 6 8 5 9

Less than  2  flowers  opened
No  flowers  opened

5 7 6 8

6.31  to  7.30  am 6 8 7 9

7.31  to  8.00  am 8 10 7 10

I  Peak time  of anthesis -9.31  to  10.00  an  to  6.31  to  7.00 pin
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`,    The  stigma  was  receptive ,one.day``pr.ioT_tov`
opening  and  continued  with  maximum  receptivity
of 88  and  96  percent  based  on  bo»en-adherence,
and  72  and  84  percent in  PKMl  and  PKM2  due  to
controlled pollin'ation on the-day of opening with a
sudden  decline  in  receptivity  thereafter  (Table  3).
This was in agreement with the findings of Devar et
a!.  (1981)  and Ashish  et az.  (2003)  in  moringa.  The
results  of  the  estimation  of  ppllen  production
revealed  that  the  average  pollen  count  per  anther
in  summer  season  was  8000  and  the  total  pollen
per flower was 38,000 in PKM 1, while in PKM2 these
were 8100 and 38500, respectively. In rainy season,
the  count was 7675 and  36500  in  PKMl  and  7900
and  37250  in  PKM2,  respectively.  Higher  pollen

production might have contributed to the better fruit
set and  higher fruit production in summer season
as  reported   by  Sindhu   (2002)   which  was  in
agreement with  the present finding.

Pollen grains failed to germina-te .in[water in the
fn-witro germination studies, High pollen germination
percentage  and  pollen  tube  growth were  obtained

00,  68`.'00  ih  PKM2  under  natrifal  pollination,

in5to20percentsucrosem;;dia.withbehestvalues-
observed  in   15  percent  sucrose  (Table  -4),  and
thereafter  a  slight  decline  was  noticed  which  also
support the findings of Sindhu  (2002)  in moringa.

-  In  pollen  sto-rage  -studies  under  refrigerated-

condition,  viability  declined  to  a  negligible ,level
within seven days, and under room temperature,the
viability was totally lost within 3 days. Refrig?ration
has  been  reported  to  extend  the  viability in  cocoa
(Simmons,  1976) which supports the present finding
in  moringa,

The  fruit  set  percentage  (Table  5)  was  42.00,
16.00,   32.00,  64.00  in  PKM   1   and  47.20,  24';00,-

natural  selfing,  natural  crossing  and  assisted
crossing,  respectively.   Maximum  fruit  Jset  was
obtained in assisted crossing,  i.e.  64.00 and 68.00
percent  in  PKMl   and   PKM2,   respectively`.  The
flowers,  which  were  emasculated  an-d  bagged,  did
not set any fruit revealing the entom-ophilous-nature
of the crop. The results fully agree with the findings
of Devar et a!.  (1981)  in moringa.

Table 8, . StigTna recepthiitg in moringa based-on pollen grcin adherence and fnLit sat af ter c=T[frolled poainaton

Variety Stage of flower Total number Pollen grain adherence Fruit a?t alter`
Offlowersobservedinedehvariety controlled pollination

No. of stlgmawithutckysurface Percent NO. Of stl8nawithstidy  -surface Percent

PKM1PKM2 One day prior to opening 25 15 56 11 44
On the day of opening 25_ 23 88 16 72

One day alter opening 25 4 12 01 04`

One day prior to opening •_25 17 64 14 56
On the day of opening -r       ,25,--_ 24 96 •         21,' 84
One day after opening 25 7 16 3 18

T\able 4. Loss in pollen viability on storage under rofrigeration and room temperature is mo  nga

Days of Refrigerated storage  (3°C) Room temperature  (25 - 30°C)

Storage Stalhing Gerrfunation Pollen tube Stining Germination Pollen tube
(%) (%) growl(10x45 x) (%) (%) growth(10x45x)  M

PKM1 PKM2 PKMl PKM2 P"1 PKM2 PKM1 PKM2 PKM1 PKM2 PKM1 PKM2

I 97 98 86.89 97.78 280.00 282.80 96.00 96.98 86.00 86.86 98.26 98.46

2 90 91 80.61 81.51 245.90 248.6 55.73 56.34 18.00 20.00 -
3 82 84 73.44 75.23 142.53 146.0 2 2 1 9- 23.27 7.00 8.00 -
4 79 78 70.75 69.85 120.70 119.6 - - -
5 65 67 58.21 59.99 70.75 73.0 - - -
6 60 62 53.73 55.51 44.02 45.5 - - - -
7 41 40 36.71 35.81 29.36 28.6 - - - - - -
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Table 5. Fruit set in mormga under diffeTeut inethods of pollination

Methods of Number  of Fruit set Fruit set Remarks
pollmatlon flowers underobservationineachvariety (Number) (percent)

PKM1 PKM2 PKM1 PKM2

Flower buds merely 25 10.50 11.80 42.00 47.20 Natural pollination
ba88ed (Open  pollination)

25 4.00 6.00 16.00 24.00Flower buds not Natural  selring
emasculated tiut bagged (self pollination)

25 8.00 9.00 32.00 36.00Flower buds emasculatedandkeptopenEmasculatedcrossed Natural out-crossmg

2525 16.00 17.00 64.00 68.00 Assisted crossing
and bagged (hand  pollination)

Emasculated and bagged No  pollination
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Effect of Chemicals, Varieties  and  Seasons  on  Growth, Yield and
Quality of Moringa in  Coastal  Region  of Karaikal

R.  SURESH  and  V.  KANTHASWAMY

Department  of Horticulture
Pandit  Jawaharlal  Nehru  College  of Agriculture  and  Research  Institute

Nedungadu,  Karaikal  -690  603

The  investigations  wei.e carried out to study the  influence of seasons,  chemicals  and varieties
on growth, yield and quality in moringa undei. coastal systems of Karaikal in U.T. of Pondicherry.
Various growth  regulators and chemicals wore sprayed in PKMl  and PKM2 moringa varieties in
summer  and  rainy  seasons.  Among  the  chemicals.   spray  of  mepiquat  chloride  at  50  ppm
produced more number of fruits per tree, yield per tree, followed by NAA at 20 ppm. Spray of GA
at 20  ppm  produced  more fruit  length.  The  iron and  protein  coiitent of the  le-aves  revealed that
NAA  at  20  ppm  produced  highest  value.

(Key u)ords :  Mormga.  Fruit yield & quahiy ,Grouith hormones, Chemtcals)

Drumstick or Moringa (Monnga oJe]Jera Lam)  is
one of the important vegetable crops in South India.
The leaves, fruits and flowers are used as vegetables
being  nutritious.   For  exploitation  of  this  crop  for
commercialization,  growth  retardants,  regulators
and  chemicals  play  a  major  role  especially  for
improvement  of  traits  on  quantitative  and  quality
characters.  The  hormonal  regulation  of  flowering
and  fruit set have  been  successfully established  in
other vegetable  crops,  and  it  paved  way  for  use  of
chemicals in moringa. The  present experiment was
undertaken   to   study   the   influence   of  growth
hormones  and  chemicals  on  growth,  yield   and

quality of moringa  fruits  and  leaves.

MATERIALS  AND  METHODS

The  experiment  was  conducted  from  January
2003  to  December  2004  in  the  orchard  of Dept.  of
Horticulture,   Pandit  Jawaharlal  Nehru  College  of
Agriculture  &  Research  Institute,  Karaikal  using
hundred and eight moringa plants in each cultivar,
viz.   PKMl   and  PKM2.   Spraying  of  chemicals  was
done on whole tree at 90  DAS  in the main field,  for
which   108  moringa  trees  of  uniform  vigour  were
selected  and  divided  into  two  lots  each  having  54
trees. The first lot of 54 trees were tagged  (27 PKM i
and  27  PKM2)  for  taking  observation  on  summer
seasons (S]), and the second lot was used for taking
observation  in  rainy  season.  The  experiment  was
Laid  out in  split-plot design  with  three  replications.
The treatment detail as  follows.

Main plot - Season (S)
S]  -Summer season,  S2 -Rainy season

Sul.plot - Chemicals (C)
C I -Control -water spray, C2 -Cycocel -250 ppm,
C3 -Ethrel ~  250  ppm,  C4 -NAA -20  ppm,  C5 ~ GA

(20  ppm),  C6 -2,  4 -D  (5  ppm),  C7 -Salicyclic acid
(0.5%),  C8 -Mepiquat Chloride  (50  ppm),  C9 -Urea.
(1%)

Sul) - subplot: Varieties (V)
V1  -PKM  i,  V2  -PKM  -2

The observations on  number of fruits  per tree,
yield per tree, length of the fruit, fruit flesh content,
iron and protein content in leaves were recorded in
different  treatments  with  respect  to  varieties  and
seasons.

RESULTS  AND  DISCUssloN

The  number  of fruits  per  tree  in  PKM1  (163.4)
and PKM2 (169.8) was more in summer season than
in rainy season  (Table  1).  Among the varieties PKM  2
recorded highest number of fruits per tree than PKM  1
in both the seasons. Among the chemicals, spray of
NAA  at  20  ppm  recorded  highest  number  of fruits
per tree in both the season and summer season was
found  to  be  better  compared  to  rainy  season  for
harvesting higher number of fruits per tree.  During
summer  season,  the  trees experienced  higher heat
units and clear sunshine during their ontogeny while
rainy  season  had  experienced  cloudy  weather  and
low  temp  regimes  (Kumar,  2001).  The  increase  in
number of fruits would possibly be attributed to the
higher flower longevity resulting from the inhibition
of ethylene biosynthesis by blocking the conversion
of  1   amino  cyclopropane  -   1   carboxylic  acid  to
ethylene.  The  more  number  of fruits  obtained  per
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tree  by  NAA  application  is  in  agreement  with  the
findings of Barai and Sarkar ( 1999) in chillies,  BL -
Habbasha et a!.  (1999) in tomato and Hussaini and
Babu  (2004)  in  bhend{.

The spray of mepiquat chloride at 50  ppm was
more  efficient  than  others  in  increasing fruit  and
yield per tree.  Gasti ef a!.  (1997) reported that yield
increase  in  potato  with  mepiquat  chloride  at  150
ppm  spray  supported  the  present  findings  in
moringa.  Seasonal  studies  revealed  that  summer
season  was  better  (32.4  kg  and  35.1  kg  per  tree)
than rainy season,  and  among the varieties  PKM  2
(27.4 and 24.5 kg per tree)  recorded higher yield in
both  the  seasons.  The  fruit length  was  highest  in
GA  at  20  ppm  in  both  the  varieties.  Among  the
seasons summer season recorded more length (95.7
and   139.3  cm)  of fruits.  The  IAA  oxidase  content,
which was low in the summer seasons, should have
facilitated  better  auxin  level  in  the  system,  which
in turn,  could have improved  the  fruit length.  This
is  in accordance  with the  findings  of Hussaini and
Babu  (2004)  in  bhencii. with  GA treatment for more
fruit length. The flesh content was also higher with
GA at 20 ppm followed  by NAA at 20  ppm  (Table  2).

This  is  in  line  with  the  findings  of  Kumar  et  a[.
(2003) . Among the treatments NAA at 20 ppm proved
excellent  for  leaf iron  and  protein  content  in  both
the seasons and  PKM  2  recorded the higher value.
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Leaching Pattern of Common  Salt Applied  as  Partial  Substitute
for Muriate  of Potash in the Red Loam Soils  of Kerala

C.R.  SUDHARMAI   DEVI

Dept  of  Soil  Science  &  Agricultural  Chemistry
College  of  Agriculture,  Vellayani,  Trivandrum  -695  522,   Kerala

A glass  column experiment was  conducted at the College  of Agriculture,  Vellayani  to study the
retention  and  leaching  pattern  of common  salt which  may  be  treated  as  a  partial  substitute  for
muriato of potash  in  the acid soils  of Kerala.  Three  levels  of common  salt were surface applied
in  the  columns  and  leached  with  20  ml  fractions  of sodium  free  distilled  water.  The  loachates
were  analysed  for the  Na  content.  In  the  study  with  66  mg  salt  and  10  cm  soil  column,  87°/a  of
the added salt was  recovered in the first two lots (40 ml) of leaching water.  In 20 cm  soil column,
77.6% saltwas  recovered  in  100  ml water and with 40 cm soil  column,  75%  of salt was  removed
down  to  40  cm  depth  with  200  ml  water.  A similar trend  was  noticed  when  the experiment was
repeated  with  100  mg  salt.  The  I.esults  show  that  retention  of  Na  in  this  soil  is  negligible  and
hence  partial  substitution  of  K  by  Na  will  not  pose  any  threat to  the  soil  physical  properties.

(Ke€i u)ords: Leaching pattern, Common salt, Partial substitution Of rnunate of potash, Red loam soits)

The  importance  of K  in  plant  growth  has  been
widely  recognised.  Although  Na  is  not  considered
essential,  lt has  been  reported  that Na can  replace
K in some of the functions in certaln plants.  Studies
conducted  in  the  College  of  Agriculture,  Vellayani
with several crops  proved  that common  salt can  be
used  as  a  partial  substitute  for  the  costly  muriate
of potash in the plants tested. In many experiments,
it   was   shown   that   by   substituting   half  the
requirement  of  K  by  Na  of  common  salt  the  yield
can be Increased  wlthout affecting the quality of the
yield,   But  since   Na+  is  known  for  contributing  to
salinity,  continous  and  long  term  use  of  common
salt  as  a  partial  substitute  for  muriate  of  potash
may  lead  to  salinisation  of  soil  if  it  gets  adsorbed
and thereby accumulated in the soil. Therefore, large
scale use of common  salt as a partial substitute  for
muriate  of potash  may  be  recommended  only  after
careful   study  about   Its   retention   and   leaching
pattern  through  the  profile.  The  results  of  such  a
scientlfic  study  arc  presented  in  this  paper.

MATERIALS  AND  METHODS

Soil  sample  for  the  leaching  experiment  was
collected  from   the  lnstructlonal   Farm,   College  of
Agriculture,   Vellayani.   The   soil   belonged   to  the
family of Loamy skeletal,  Kaolinitic, Isohyperthermic
Rhodic  Haplustult  with  an  acidic  reaction  and  low
status  of  K.  Glass  columns  of  50  cm  length  and  3
cm  internal  diameter  were  used  for  the  study.  Air-
dried,   sieved  sample  of  less  than   2  mm  size  was

packed  in  these  columns  at  different  depths,  viz.
10,  20 and  40 cm with 3  replications each.  Soil was

weighed  and packed  uniformly by gentle tapping in
these columns so as to achieve the desired field bulk
desity.   Soil   moisture   was   maintained   a.t   field
capacity.  Three levels of common salt,  1.e.  0, 66 and
100  mg  were  taken  for  the  study.  The  levels  were
arrived at taking into consideration the highest rate
of potash fertilizer recommended as per the package
of  practices  of  Kerala  Agricultural  University.  The
highest  recommended  dose   of  K  is  750   kg  hal-I
equivalent  to  12`45  kg  MOP  ha-I  for  banana.  When
fifty percent of this is substituted with common salt
it would  come to around  66  mg per column  surface
area.  A  higher rate  of  100  mg salt was included  for
the  study.  The  columns  were  fixed  vertically  on
wooden  stands uslng clamps.  Salt @ 0,  66  and  100
mg  was  surface  applied.   Then  the  columns  were
leached   with   sodium   free   distilled   water.   The
leachates  were  collected   in  separate  beakers  and
analysed  for  the  Na  content  directly  using  a  Flame
Photometer  as  described  by  Jackson  (1973).  From
this  the  quantity  of commn  salt that  is  leached  off
in  each  20  ml  fraction  was  worked  out.  Quantity of
salt  obtained  from  the  no-salt  treated  column  was
subtracted  from  the  others.

RESULTS  AND  DISCUSSION

The  percentage  salt  recovery  with  addition  of
leaching  water  is  prcscnted  in  Table  1.

In   the   10  cm   soil  column   under  66  mg  salt
treatment,   52  a/o  of  the  added  salt,   i.e.   34.32   mg
was  recovered  with  the  first  lot  of  (20  ml)  leaching
water.  With  further  addition  of 20  ml,  almost  87  %
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Table  1. Salt recovery from 66 and loo mg added sait u]ith each 20 ml fraction of leaching u)ater

Qty of water 10cm 10cm 20cm 20cm 40cm 40cm

column column column column column column

(a) (b) (a) (b) (a) (b)

20ml 34.32 54

0.42

- - -
20ml 23.I 37.75 0.55

0.98 3.5
20ml 1.98 3.0 19.8 28.0

20ml 1.02 0.89 22.4 32.5

20ml 0.97  (93%) 0.81. (96.45  %) 8.6 7.5 22.2 32.1

20ml 0.8 I.6  (70.15%) 15.8 25.5

20ml 0.75  (80%) 0.8 7.5 7.5

20ml 0.5 2.3 3.75

20ml I.4 I.5

20ml i i.18  (75.03  %)

20ml 0.95 0.98

20ml 0.90  (80.3%) 0.90

(a)  66  mg salt addition,  (b)  100  mg  salt  addition

of  salt  was  leached  down   below   10   cm  depth.
Thereafter with each 20 ml lot of water added,  only
small  quantity  of salt was  recovered.  In  the  20  cm
soil column,  addition  of first lot of water could not
leach down the salt beyond  20 cm depth.  It needed
100 ml water (equivalent to  14 cm rainfall) to recover
77.6%  of added  salt.  In  the  40  cm  column,  140  ml
water was required to leach dow`n 70% of salt added.

From this it is clear that a total of 140 ml water
was only required to leach down the added salt below
40 cm level. This was equivalent to 20 cm of rainfall.
Kerala  receives  about  3000  mm  rainfall  annually.
The predominant clay mineral in Kerala is kaolinite,
which  is  having  a  low  CEC.  Moreover,  Na+  aind  Cl-
are  two  ions  that  are  having  a  very  high  mobility.
The  high  rainfall  and  rolling  topography  together
with proximity to the sea and low CEC of soils favour
easy  removal  of any  salt  left  in  the  soil  after  crop
removal.  The  two  main  seasons  of  cultivation  in
Kerala coincide with the south-west and north-east
monsoons. By the time the monsoon is in full swing,
fertilizer application for the crops will be over. Hence,
there will be ample  rain to leach off any salt that is
left in  the  soil without absorption by the  plants.

A similar trend was obtained when  loo mg salt
was leached with  20  ml lots of water.  In  the  10  cm
column 54% of the added salt was leached off in the
rlrst 20  ml lot itself.  By  leaching with 40  ml water,
91.75%  of the  salt added  was washed  off below  10
cm depth. In the 20 cm soil column, 68% of the salt
was recovered by leaching with  loo  ml of water.  In
the 40  cm  soil column,  with  120  ml  distilled water
about  60%  of  the  salt  was  removed  from  40  cm
depth.

Hence, from this study it became clear that any
portion  of added  salt,  left after crop  removal could
be  leached  off from  the  root zone  by  the  time  first
few showers were received during the initial months
of  the  rainy  season.  This  study  also  showed  that
fifty percent substitution of K by Na of common salt
will   not  pose   any  threat  to   the   soil  physical

properties  since  the  Na  ions  are  not  adsorbed  by
the  soil  colloids.
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A Rice  CSRC(S)  21-2-5-8-1-1  (IET  17343)  Bears  Promise
for  the  Coastal  Shallow Water  Condition

A.B.  MANDAL

Central  Soil  Salinity  Research  Institute,  Regional  Research  Station
Canning  Town  -743  329,  Dist.  24-Parganas  South,  West  Bengal

A  vast  area   of  lands   measuring   over  7.0  in  ha-1   all  around  the   coastline   is  presontly  less
productive  due  to  salinity  and  watei.Iogging,  etc.  during  the  main  season.  Varieties  gon®rated
through incorporation of adaptability trait of the traditional varieties with the high yield potential
of the  improved  ones  may  be  grown  in  such  ai.eas.  One  such  genotype,  CSRC(S)  21-2-5-a-1-1
(lET  17343)  has  been  reported  which  ls  not  only  tolerant  to  coastal  saline  soils  in  khar/./ but
yields  over 4.0  tonnes  of grains  per  hectare  also.

(Key  words:  Rtce Wield,  Salrmtg tolerarLce,  Shallou) u)ater depth)

A vast area of land  measuring over 7  million  ha
all  around  the  coastline  is  presently  less  productive
due  to   salinity  and   waterlogging,   etc.   Varieties

generated  through  Incorporation  of adaptability trait
of the traditional varieties with the high yield potential
of the improved ones may be  grown in  such areas.

Rice  forms  the  staple  food  for  the  majority  of
the  people  in  India  and  it  provides  their  Income,
employment and  subsistence.    In  the  vast  coastal
saline  soils,   measuring  over  7  0  mha  mostly  the
traditional varieties of rice  are adapted  in the main
season of khan/.  Obviously,  the productivity level is

quite  low (1.5-2.0  t ha  I)  due  to  multiple  stresses of
waterlogging,   soil  salinity  and  other  associated
hazards. The ecology being harsh,  the utilization of
the areas for enhancing production and productivity
of rice is emphasized through  the creation of better
varieties by incorporation of adaptability trait of the
indigenous varieties with  the  high yield  potential of
the  improved  ones  (Siddiq,   1994)   and  screen  out
the  cultivars  on  the  spots  of stresses.  Here  in  the

paper  one  such  attempt  has  been  reported  for  its
performance in the coastal shallow water ( 15~30 cm)
condition  in  khan/.

MATERIALS  AND  IVIET;-:ODS

CSR6 is a photoperiod sensitive adapted variety
suited  to  the  coastal  areas  with  shallow  to  semi-
deep  water  (15-45  cm)  in   khart/ season  and  was

purified from the local variety Nonasail.  On the other
hand, Pankaj is a photoperiod sensitive high yielding
variety suiting to the normal soils with shallow water

(around   20   cm)   in   kharl./.   In   an   attempt   to
Incorporate  the  adaptability  trait  of CSR6  with  the
high  yielding  potential  of  Pankaj,  a  recombinant
breeding programme was under taken in  1989 with

CSR6  as  the pollen  parent and  Pankaj  as  the  ovule

parent.

The  progenies  were  grown  in  the  field  and  the
F3  genera.tion  was  exposed  to  moderately  high  soil
salinity (6.0 -8.0 dsm-1)  and intermediate  (Shallow:
15-30  cm)  waterlogging,  and  plant-to-row  progeny
method was followed in the su-osequent generations
till  the  stabl?  population  was  obtained.  A  stable
culture   designated   as   CSRC(S)   21-2-5-8-1-I   was
nominated  to  the   Screening  trial  (NSASN)  of  the
AICRIP.   It  was  promoted  to  the  Co-ordinated  trial
SATVT  and  evaluated  in  the  multi-location  coastal
saline sites during  fohcin/2002  to 2004. The culture

(IET    17343),    due    to    its    consistent    better
performances     in     the     coastal    areas,     was
recommended  by  the  AICRIP  for submission  to  the
Variety  Identification  Committee  (VIC)  in  2005.

RESULTS  AND  DISCUSSION

The  mean  grain  yield   performance  (t  ha-I)  of
CSRC(S)  21-2-5-8-1-I  (IET  17343)  at  Canning  over
the years (kharl/2002 to 2004) was 4.33 t ha-I with
a  heading  duration  of  121   days,   followed  by  the

qualifying  culture  91-IJ2-6-B-2  (IET  17340)  having
yield level of 3.73  t ha-I , whereas the national check
for  coastal  salinity  CST  7-1   and  the  local  check
SR26B  had yielded  3.76  and  'r.10  t  ha-I,  respectively
under a soil salinity range of 6.0 to 8.0 dsm-I  (Table  I).
The  seed-to-seed  duration  of  IET   17343  was   140-
145  days,  same  as  that  of the  local  ch'eck  SR26B.

The   plant  height  of  the  cultu   „  was  97  cm
suiting  well   to  coastal   shallow  waLter  (15-30  cm).
Mandal  and   Sen   (2001)   had   reported  a  culture
CSRC(S)   2-I-7   (SUMATI)   showing   similar  plant
height  and  good  yield  (4.0  t  ha-I)  under  release  by
the  Central  Variety  Release  Committee  (CVRC).



204 A   8   Mandal

Table  1.  Summary of gram gielcl (I/ ha) performances of the salt tolerarLt rtce uftneftes/
cultures in the Co-ordinated (SATVT) Tnals at Canning ftchari{ 2002-2004)

IET  No. Grain yield Plant  ht  (cm)Mean Heading  (d)

2002 2003 2004 Average

CSRC(S)21 -2-5-B-1 -I 17343 4.34 4.50 4.15 4.33 97 121

91 -H2-6-B-2 17340 347 350 4,223.43 3.73 96 104

NDRK  5072 17336 3.40 3.26 3.33 82 104

CST  7-1 Check 3.67 4.17 3.76 84 Ilo

Jaya Check 2.18 386 2.43 2.82 83 98

Local  (SR  268) Check 3.82 4.11 4.38 4.10 142 121

Table 2. Summary of grclln yield (t/ hal) performances of the rice uaneties/ cullures in
Co-orclirT_ated (SATVT) Tnals in coastal saline soils  acharit  2002-2004)

Year No   ofTrials CSRC(S) Check  variety Qual,fy,n8
21 -2-5-8-1 -I culture

1st year  2002 7 3.60 3.11 2.54 3.65 2.91 2.99

2nd year  2003 3 4.38 3.43 2.89 3.48 3.06 2.85

3rd year  2004 5 3.92 4.08 2.97 386 3.71 -

Mean  over years 3.97 3.54 2.80 3.66 3.23 2.92

%  Increase/Decrease +12.15 +41.79 +8.47 +22.90 +35.96

Table 3. Gram uteld (i/ ha) (performances of the ehte sait tolerant nee uariettes/ crttures in the
Co-ordinated (SATVT) Tnals under the coastal states achari[ 2002-2004)

State Location Year CSRC(S)21-2-5-8-1 -I(IET17343) Check  Varieties Qualifying Varieties

CST  7-I Jaya Local *IET  17340 *IET17336

West  BengalState(WB)OrissaState(Orissa)A.P.State(AP)

Canning

2002 4.34 3.67 2.18 3.82 3.47 3.40

2003 4.50 4.17 3.86 4.11 3.50 3.263.33

I 20042003 4.15 3.43 2.43 4.38 4.22

Mean 4.33 3.76 2.82 4.10 3.73

GosabaMean 3.30 2.80 0.85 2.49 2.17 1.611.61

20042002 3.25 4.67 1.58 3.33 2.22

3.28 3,48 1.22 2.91 2.20

MeanCRRIMeanMachll- 3.80 3.62 2.02 350 2.96 2.472,54

3.75 3.06 1.68 3.99 3.12

2003 S.33 3.82 3.95 3.84 3.51 3.67

20042002 3.81 3.63 2.99 313 321 -

4.304.15 3.502.39 2.872.29 3.653.22 3.282.182.18 3.103.423.42

Patnam 20042002 4.49 3.33 3.41 3.96

Mean 4,32 2.86 2.85 3.59

MS. Panvel 3.38 2.66 2.45 3.09 1.61 2.53

*IET   17340  :  91-H2-6-B-2

*IET  17336;  NDRK  5072



A  promising salt tolerant  rice

The  Co-ordinated   trials   (SATVT)   under   the
AICRIP  conducted  at  the  coastal  saline  sites  over
the  years  (khar{/ 2002-2004)   showed  the  culture

producing a mean grain yield of 3.97 t ha-I , followed
by  the  qualifying  culture  91-[12-6-B-2-IET   17340)

(3.23),  whereas  the  national  check  variety  CST  7-1
yielded   3.54   t   ha-1   (Table   2).   The   culture   had
produced  highest mean  grain yield  in  West  Bengal
(3.80),  Orissa  (4.30),  A.P.  (4.32)  in  the  Co-ordinated
trials  over  the years  (Table  3).

Mandal  (2004)  had  reported  a culture  CSRC(S)
5-2-2-5  (IET   12855)  producing  a  mean  grain  yield
of 4.24  t ha-t  over years  at Canning.  The  grain  type
of the  culture  (IET  17343)  was  short  bold.

Mandal  (1966)  had  reported  a  culture  CSRC(S)
11-5-0-2 (IET  13428) with medium fine grain having
an  yield  potential  of  over  4.0  tha-1   and  suiting  to
the  coastal  shallow  to  sc.mideep  water  (20-40  cm).
The  culture  may  be  of  use  in  the  coastal  shallow
water  (15-30  cm)   situat.ion  where   suitable  high
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yielding varieties  are very few.  It is  also  moderately
tolerant to  major pests and  diseases of rice.
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Evaluation  of Tomato  (Lay"¢errz.„#  cj.c#/c'#Zz;ov  Mill.)  Varieties
under  Coastal Saline  Soils  of Sundarbans

A.  R.  BAL  and  S.  K.  DUTT

Central  Soil  Salinity  Research  Institute
Regional  Research  Station  Canning  Town

South  24  Parganas -743  229,  West  Bengal

Performance  of tomato varioti®s  under heavy texturod  coastal  §allne  soils  of Sundarl]ans  was
studlod. Experiment was carried out under varying l®vols of soil salinity to find out the suitable
tomato  vari®ti®s  and  to  know  their  physiological  b®havlour.   Eight  varieties  of  tomato  were
coll®ct®d  from  lARl,   Pusa,   New  Delhi.  Grov`rth  data  r®v®alod  that  plant  height,  total   branch
number,  Spr®adlng  branch  length  and  root volume  r®duc®d  witll  the  increase  in  soil  salinity,
flowering  was  also  delayed  by  about  10-12  days  due  to  salt  stress.  Loaf  water  potential  of
different  varieties  increased  with the  lncroas®  ln  soil  salinity  but  ln  case  of  Pu§a  Early  Dwarf,
Pusa  Rohini  and  Pusa  Sh®®tal  the  incromont  duo  to  Salinlty  was  loss  than  in  other varieties.
Sodium  and  potassium  accumiilatlon  in  lis9ue  rovoal®d  that  with  the  increase  in  salinity  Na
accumulatlon  increased  but the  rovorse trend was found  in  case of K accumulatlon. Yielcl data
revoalod that among the ®igm varlotio§  Pusa  Rohinl,  Pusa  120,  Pusa  Early  Dwarf,  Pusa  Gourav
and  Pusa  Uphar  produced  slgnl{icantly  hlghoT  yield  than  Pusa  Sadabahar,  Pusa  Ruby,  Pusa
Sheotal  und.i  varying  lov®l§  of soil salinity.

(Key u)ordal a Tomato, Physiological characters,  Sodtum & Potossium absorption,  Saline soil )

India has a total of 8.0  million  hectares of salt
affected soils ryadav ef al.,1983) and out of this 3.1
million  hectares  lie  all  along  the  coastline  of  the
country.   This  coastal  saline   tract  is   the  most
unproductive  and  agriculturally  backward  area  of
the country.  The  lower productivity of crops  is due
to high salt accumulation in the soil and poor quality
of water for irrigation.

Considerable effort has  been made  to  increase
production of cereal crops, fibre crops, oilseeds, etc.
in this belt but not much work has been initiated to
identify/evaluate cultivars of vegetable crops. Since
tomato is grown in various types of soils from  sand
to  heavy  clay  it  has  been  chosen  for  the  heavy
textured  saline  soils  of  this  region.  Therefore,  an
experiment was conducted at CSSRI,  RRS  Canning
Town, West Bengal in microplots to evaluate tomato
varieties which is commercially viable and have good
market  value  being  one  of  the  most  popular  and
widely  cultivated  vegetables  in  the  world  ranking
second  in  importance  to  potato  in  many  countries
(Bose  ef cl!.,   1993).

MATERIALS  AND  METHODS

The experiment was carried out at Central Soil
Salinity  Research  Institute,  RRS  Canning  Town,
West  Bengal  in  microplots  (2  in  X  2  in  size)  with
varying levels of soil salinity. The  salinity levels (i.e.
Ece  2.30,   5.61   and  8.20   dsm-i)  were  created

artificially by adding of saline river water diluted in
different  proportions.  The  average  composition  of
river water  at  salinity  level  of EC  35  dsm-I  at 25°C
was Na = 7571.3,  K =  269.2,  Ca = 403.8,  Mg = 778.0,
Cl =  314.3,  S04  =  969.1  ppm  and  pH  =  7.8.

Seeds  of  eight  varieticLs  of  tomato,  viz.   Pusa
Sadabahar, Pusa Rohini, Pusa Ruby, Pusa 120, Pusa
Early dwarf, Pusa Gourav, Pusa Sheetal, Pusa Uphar
were  collected  from  Vegetable  Division,  IARI,  Pusa,
New  Delhi.  One-month  old  tomato  seedlings  were
planted at different salinity levels. Three replications
were    followed    in    each    treatment.    Normal
management practices were followed, fertilizers were
applied  at  the  rate  of  100:60:60  kg  or  N`P:K  ha-I.
Irrigation was  given  from  deep  tubewell {ECw  1.30-
1.67  dsm-I)  as  and  when  required.

The  observations  were  taken  on  plant  height,
total  number  of  branches,   spreading  length,  root
volume,  50%  flowering  date,  leaf  water  potential,
sodium  and  potassium  accumulation  of  plant
tissues.  The   fruit  yield  was  recorded  and  their
characteristics   were   also   noted.   Sc>dium   and

potassium in  plant tissues were  analysed  by  flame
photometer  as  described  by  Jackson  (1967).  Leaf
water potential was  estimated  by pressure bomb.

RESULTS  AND  DICUssloN

Data  (Table  1)  revealed  that  height,  spreading
branch  length  and  total  branch  number  were  very
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Table  1. Effect Of salinrty on some phenotypic characteristics of tomato Varieties
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Vacs. Ht.  of plant  (cm)Salinitylevels Total branch  No Spread branch  (cm)
Salinity levels Salinity levels

(Bce  dsm-I) (Ece  dsm-i) (Ece  dsm.I)
2.30 5.61 8.20 2.30 5.61 8.2010 2.3049.5 5.6140.I 8.2038.5

P.Sadabahar 43.4 35.5 32.6 19 18
P. Rohi. 68.8 58.0 53.0 20 17 17 80.5 69.0 52.0
P.Ruby 56.3 52.0 52.0 22 17 17 105.3 loo.8 65.8
P.120 68.0 68.7 60.0 24 23 18 101.i 72.3 69.0
P.Bar.dw 72.1 60.8 47.6 18 18 17 75.I 68.0 46.8
P. Gourav 78.0 65.0 48.0 22 15 15 79.3 69.7 87.8
P. sheetal 81.0 67.0 51.0 18 19 17 76.I 75.I 67.0
Uphar 80.0 71.3 57.0 19 18 15 111.3 88.0 75.I

Table 2. E.ffe?I of salintiy ori sodium and potassoum accumulation and
leaf u)ater potential in dif:fereut ua  eties If tomato

Varieties Leaf water potential  (Mpa) Sodium  content  (a/o  D.M) Potassium  content  (°/o  D.M)Salinitylevels
salinity leve ls Salinity  levels
(Ece  dsn-I) (Ece  dsm-I) (Ece  dsm'')

2.30 5.61 8.20 2.30 5.61 8.20 2.302.4 5.612.1 8.20I.5

P.Sadabahr -1.5 -2.0 -2.5 I.7 2.7 3.5
P. Rohinl -2.0 -2.0 -2.3 1.2 2.4 3.1 2.5 2.3 1.3
P.Ruby -I.5 -2.4 -2.8 I.5 2.3 3.0 I.9 2.4 1.7
P.120 -I.9 -2,3 -2.9 1.8 2.0 2.8 2.4 2.3 2.2
P.Ear.dw -2.0 -2.0 -2.3 I.3 2.0 2.6 2.3 2.2 2.0
P.Gourav -I.8 -2.2 -r2 .I 1.5 2.4 3.3 2.5 2.0 18
P  sheetal -1.I -I.8 -2.0 1.2 2.9 3.0 2.7 I.9 2.0
P.uphar -2.I -2.6 -3.0 I.6 2.2 3.2 2.6 2.3 I.0

much  reduced  with  the  Increase  in  salinity  in  all
the  varieties.   Spreading  branch  length  was  more
than height of the  plant and  it gradually decreased
with  the  increase  in  salinity.  Among  the  different
varieties  maximum  height  was  noticed  in  Pusa
Sheetal,  Pusa  Uphar and  Pusa  Gourav  but  in  case
of spreading branch Pusa Uphar, Pusa 120 and Pusa
Ruby  had  the  maximum  length  of  branch.   Root
volume  also  gradually  decreased  with  the  increase
in salinity.  It was observed  that under control Pusa
Early dwarf (17.5ml)  and  Pusa  Uphar (18.0 ml)  had
maxlmum  root  volume,   and   also  under  highest
salinity stress they produced maximum root volume
(11.0  ml  and   12.0  ml,  respectively).

Leaf water potential data (Table 2) revealed that
it decreased with the increase in soil salinlty which
means  that  the  plant  was  suffering  from  water
stress. Tomar and Ghildayal (1973)  and  Dutt (1976)
observed  similar results  in  case  of rice,  wheat and
barley crops.  It was very interesting to observe that
among the  eight varieties  Pusa  Rohini,  Pusa  Early

dwarf  and  Pusa  Sheetal  were  having  higher  leaf
water  potential  than  other  varieties  and  it  was
noticed  that  these  varieties  also  performed  well
under salt stress and  gave  better yields.

Sodium and potassium accumulation data in Table
2 showed that with the increase in soil salinity sodium
accumulationincreasedirrespectiveOfthevarietiesbut
reverse was true in  case  of potassium  accumulation,
but Interestingly it was also noticed that under higher
salinity stress Pusa Shectal, Pusa Early dwarf and Pusa
120 accumulated more amount of potassium than the
other rive varieties. From other observations also it was
noticed  that these  three varieties were  superior.  This
may be due to high potassium ion specificity in plant
tissues. These varieties could survive wen and produced
more yield.  Since  we know potassium  is an essential
element  for  many  biochemical  pathways,  decline  of
potassium in the tissues always produce disorders in
growth.  Earlier Bat  et a!.  (1984,  1986)  had also found
that tolerant variety/ species accumulated more amount
of potassium.
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Table 3. Effect of salinity on frutt charactenstics of dtfferent uanettes of tomato

Bce  5.61  dsm-I Ece  8.20  dsm.IVarieties Ece  2  30  dsm.I

Girth Length |`rult Vol.  of Girth Length Fruit Vol.  of Girth Length Fruit Vol.  of

(cm) (cm) wt.  (8) Fruit (g) (cm) (cm) wi.  (8) Frult (8) (cm) (cm) wt.  (g) Fruit  (g)

P.Sadabaliar 11.9 4.2 38.6 45.I 10.I 4.3 24.4 36.2 9.8 4.0 23.I 33.5

P.Rohini 14.2 3.9 51.6 51.I 13.5 3.7 38.I 45.0 13.5 3.3 37.9 36.3

P.Ruby 16.I 3.7 63.0 70.0 15.5 3.4 44.1 54.0 13.0 3.0 277 30.5

P.120 16.9 3.6 55,0 60.0 16.0 3.5 46.5 513 15.7 3.I 44.0 51.0

P.Ear.dw 17.4 5.0 83.4 88.7 15.2 4.9 60.5 63.5 12.0 4.3 34.0 47.2

P.Gourav 12.8 4.7 32.8 88.I 108 3,4 20.7 35.5 10.3 3.2 18.1 25.0

P.sheetal 13.6 3.3 33.0 43.1 11.6 2.9 30.0 38.6 11.3 2.8 21.0 28.0

P.uphar 16.I 4.5 45.6 50.3 15.7 3.8 37.0 46.3 13.I 3.6 35.7 39.0

Table 4. Effect of salintty or\ yield of tomc[to c[nd their redrchor: perceritage over cor[f:rol
(Ece 2 . 3 dsTr{' ) (data expressed in g per plant)

(CD  at  p=  0.05=   141.07  )

Fruit characteristics data were  collected  and  it
was  found  that  girth,  length,  single  fruit  wt.  and
volume  of fruit  were  reduced  with  the  increase  in
salinity  (Taible  3).  But  under  highest  salinity  (Ece
8.20 dsm-I)  level,  fruit characteristics of vars.  Pusa
Rohini, Pusa 120, Pusa Early dwarf and Pusa Uphar
were superior to other tested varieties. The yield data

(Table 4)  revealed that between control and  salinity
there  were   significant  differences  of  yield   but
between  the  salinity  levels  it  was  not  signiricant.
Among the eight varieties Pusa Rohini, Pusa 120, Pusa
Early dwarf,  Pusa Gourav and  Pusa Uphar produced
signiricantly higher yield than Pusa Sadabahar,  Pusa
Ruby and  Pusa Uphar under different salinity levels.
Under control Pusa Gourav had  produced maximum
fruit  yield  than  other  seven  varieties,  and  Pusa
Sadabahar produced minimum yield.
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Evaluation  of Released Varieties  of Groundnut  for  Salt Tolerance
I.K.  CIRDHAR  and  P.K.  BHALODIA

National  Research  Centre  for  Groundnut
P   Box  No    5,  Junagadh  -362  001,  Gujarat

Study was  conducted  in  2005 at NRCG,  Junagadh  to screen  72  released  cultivars of groundnut
(Spanish:  36  and  Virginia:  36)  in  the  saline  environment  for  further  use  in  the  advanced  field
research  with  the  objective to  enhance  the tolerance to  salinity  and  increase  crop  production.
The experiment was  done  under controlled  laboratory  condition  at constant salinity  levels  (EC
0.5,  4,  8  and  12  ds  in-1)  of  irrigation  water.  It  was  found  that  saline  water  of  EC  4  ds  in-1  can
safely  be  used  for  irrigation  in  majority  of  the  varieties  of  groundnut  without  any  significant
adverse effect.  The  reduction  in  the dry  matter yield  at 8 and  12  ds  in.1  salinity was significant
but  the  percent  reduction  due  to  increasing  salinity  was  greater  in  Spanish  group  than  in  the
Virginia  group.  Threshold salinity of different varieties  in  both Spanish  and  Virginia  group varied
depending  upon  the  relative tolerance.  Varieties  iinder Virginia  group  showed  more  tolerance
than  the  Spanish.  Based  on  the  data  from  this  study  all  the  72  tested  varieties  were  classified
under  sensitive,   modeiately  sensitive  and  moderately  tolerant  varieties  under  both  Spanish
and   Virginia  group  on   the   basis   of  threshold  salinity  values.   Relative  salinjty  tolerance  for
different  varieties  was  also  worked  out  at  90  %,  75  %  and  50  %  relative  yield  in  relation  to
control .

(Key  words:  GroundrLut,  Water sal\miy,  Relatiue tolerarLce,  Grou)th Charactenstics)

Salinity   limits   water   uptake   by   plants   by
reducing  the   osmotic   potential   and   thus   total

potential  of soil  water.  In  order  to  utilize  the  saline
soils  and  use  of saline  water  for  irrigation  it  is very
Important  to  evaluate  the  different  crops  and  their
varieties  for tolerance  to  salinity under varying  soil
types  and  agro-climate  conditions.

Information on tolerance of majority of the crops
to  salinity is  available  but the  research  information
regarding  the  salt  tolerance  of  different  released
varieties  of groundnut  is  lacking.  Groundnut  is  an
important oilseed crop in India and accounts for 45%
of  the  area  and   55  %  of  the   production  of  total
oilseeds in the country. About 88% of the area under

groundnut  cultivation  in   India  is  rain fed  and   is
confined to varying types of soils affected  by salinity

problems  associated   with   saline   ground   water.
Therefore,  a  study  was  conducted  to  screen  the
released   cultivars   of.  groundnut   (Spanish   and
Virginia group)  in the saline environment for further
use in  the advanced field  research with the objective
to  enhance  the  tolerance  to  salinit}'  and  Increased

productivity  in  this  environment.

MATERIALS  AND  METHODS

An  experiment  was  conducted  in   khan/ 2005
to  evaluate  the  tolerance  of 72  released  cultivars  of

groundnut  under  constant  Irrigation  water  salinity
levels   (EC   0.5,   4,   8   and    12   ds   in-I)   at   NRCG,

LJunagadh.  Out  of  72  releaserj  cultivars  36  belong
tc)  Spanish  group,   19  and   17   belong  to  Virginia
bunch  and  Virginia  runner  group,  respectively.

Observation  on  germination,  plant  height,  dry
matter  yield  and  root  length  were  recorded  at  the
early  stage  of  crop  growth  for  the  purpose  of  this
screening  study  in  the  saline  environment.  These
varieties  under  study  were  released  from  different
states  of  the  country.  There  were  288  treatments
(72 varieties x 4  salinity of irrigation water)  in  three
replications.  Four kilogram of sand was filled in each

pot  (total  864  pots)  and  these  pots  were  provided
with  holes  at  the   bottom  in  order  to  provide  free
drainage.   Five   seeds   were   sown   in   each   pot.
Irrigation with different saline water in order to meet
the  evapotranspiration  need  was  given  during  the

period  of experiment.  Crop  was  harvested  after  20
days  of sowing.

RESULTS  AND  DISCUSSION

Laboratory   experiment   was   conducted   to
evaluate  72  released  cultivars  under varying  saline
environment.  It .was found that the final germination
at   12   days  after   sowing  of  majoritv  of  released
cultivars  was  not  affected  at  4  ds   Ln-i   salinity  of
irrigation  water whereas  the  germination at 8  to  12
ds  in-I   sa!inity  was   significantly  lower  over   the
control   (0.5   ds   in-I).   At   high   sallnity   level,   the

germination   in   all   the   released   cultivars  under
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Spanish group  (SB)  was  significantly lower  than in
Virginia  group  (V).  The  difference  in  germination
between  Virginia  runner  (VR)  and  Virginia  bunch

(VB) was non-significant (Table  1).  Data on periodic
germination under varying salinity showed that high
salinity (8  to  12  ds  in-I)  delayed the  germination by
about 5-6 days (Table 2), which further affected the
plant  growth  and  dry  matter  yield.   Decrease  in
germination, plant height, dry matter yield and root
length  of  different  released  cultivars  under  both
Spanish and Virginia group at 4 ds in-I  salinity over
control varied between 1 to  15 percent (Table 2) and
these  differences  are  non-significant  at  4  ds  in-i
salinity.  The  relative  decrease  in  yield  at 8  ds  in-I
over control  varied  between  10  to  45  percent.  The
decrease in yield at high salinity levels (at 8 and  12
ds  in-I)  was  greater  in  Spanish  than  in  Virginia

group.  Data presented  in Table  2  further indicated
that in case  of cultivars under Virginia runner and
Virginia  bunch,  the  reduction  in  yield  at  8  ds  in-I
was  less  than  25  %  (varied  between   10  to  24  %).
Hence  at  this  reduction  level,  water  of  8  ds  in-I
salir`ity could  also  be  used  in  some  of the  varieties
under Virginia group.  Aljibury and Telabany ( 1982)

reported decrease in seed production with increasing
salinity from 2  to  11.3 ds in-I, and  Lauter and Meiri

(1989)  found  that higher levels of Nacl  (70  and  105
in  M  concentration)  caused  seed  damage  prior  to

pod  maturity and  much  lower yield.  The  threshold
salinity* of 72 released cultivars under Spanish and
Virginia  group  were   estimated   based  on  these
tolerance limits,  and the cultivars are grouped  into
sensitive,  moderately  sensitive  and  moderately
tolerant  to  salinity  (Table  3).  Greater  the  value  of
the  threshold  salinity  for a given cultivar more will
be its tolerance.  K  134,  GG 2,  GG 6,  ICGS 44, TG26,
Kadiri  4  and  Girnar  were  some  of  the  promising
varieties of groundnut under Spanish bunch, which
were moderately tolerant (threshold salinity ranging
from  2  to  4  ds  in-I)  to  salinity.  DRG   17,  TMV   10,
ICGV 86325,  GG 20,  ICGS  76 under Virginia bunch
and  GAUG   10,  Somnath,  TMV  4,  Chandra,  ALR  3
under Virginia runner were also the moderately salt
tolerant  varieties.

Data on dry matter yield of 72 released varieties
of  groundnut  at  different  increasing  salinity  from
0.5  to  12  ds  in-I  were  used  for  regression  analysis
and majority of the tested varieties showed the linear

Tab.a 1. Effect of sc.line u)ater imgation on periodic germination (%) Of grounclnut

Eciw (ds/in) Days after  sowing  (DAS)

5 6 8 9 10 12

Spanish  Group

0.5 46 70 77 78 79 79

4 0 37 73 75 76 77

8 0 0 39 54 59 61

12 0 0 2 5 7 10

CD  at p=0.05 10 17 14 13 12 12

Virginia Bunch

05 49 74 77 79 80 80

4 8 41 60 78 79 79

8 0 5 16 67 71 72

12 0 0 0 33 47 58

CD  at p=0.05 7 8 9 6 8 9

Virginia Runner

0.5 68 82 83 84 85 85

4 14 53 68 77 78 78

8 0 11 26 72 73 74

12 0 0 0 44 58 68

CD  at p=0.05 4 7 7 8 8 8

* Threshold  salinity for each  crop  or  variety is  the level  of salinity beyond  which  the  crop  yields  decrease  at  a  rate
which is uneconomic  in  production.
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Table 2. Performance of groundrrat to saline u)ater irrigc[tion
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Eciw ds/in Germination  (%) Plant height  (cm) Root  length  (cm) Dry matter yleld/pot  (g)

SB VR VB SB VR VB SB VR VB SB VR VB

05 79 84 80 28.I 29.5 29.4 6.75 9.78 9.05 0.69 0.87 0.82

4 77 78 79 23.6 27.9 28.8 5.99 9.67 8.53 0.60 0.73 0.79

8 61 74 72 17.2 26.5 25.7 4.07 8.24 7.42 0.38 0.66 0.70

12 10 68 S8 3.2 21.4 20.5 1.20 7.35 6.33 0.04 0.55 0.48

CD  at p=0.05 12 8 8.7 I.3 I.7 2.8 0.9 I.6 I.2 0.09 0.22 0.14

Eciw ds/in
Percent  decrease  over  control

Germination  (%) Plant helght  (cm) Root  length  (cm) Dry matter yield/pot  (g)

SB VR VB SB VR VB SB VR VB SB VR VB

0.5 0 0 0 0 0 0 0 0 0 0 0 0
4 3 8 13 16 6 2 11 I 6 13 16 4
8 23 13 10 39 10 13 40 16 18 45 24 15

12 87 20 28 89 28 30 82 23 30 94 37 42

SB=Spanish  Bunch,  VR=Virginia  Runner,  VB=Virglnia  Bunch

Tabte 3. Threshold salinity of ingation water for different c:ultiuars of groundnut at geTTrrination

Salinity tolerance  rating

Sensitive Moderately  sen§itive Moderately tolerant
Threshold  salinity  of water  (ds/in)

<  0.87 0.87 -2.0 2.0 -4.0

Spanish BunchICGS37,SBXI,

VRI  3,  ICGV 86590,  JL 286,  Tirupati  2, K  134,  GG  2,  GG  6,  ICGS  11,  GG  5,
JL 220,  VRI  4, Girmr  1,  DRG  12,  CO  3,  GG  7,  RG  141, VG 9521,  TMV 2, JL 24,  TG  17, VRI 2,
ICG(FDRS)  10VirginiaBunchCSMG884,LGN  2, Tirupati  4,  Dh 3-30,  ICG(FDRS)  4T64,BGI,BAU19,HNG10,ICGS  5, TG  26,  GG 4,  AK  12-24,  Kadiri 4,

CO  2,  TAG  24,  ALR 2,  ICGS  44,  GG 3DRG17,MA16,TMV10,BAU13,

BG  3,  BG  2,  a  95Vl[glnlaRunnerS230,Karad4-11,  M  335,Tirupati3,Kaushal M  522,  GG  20,  ICGS  76Chandra,TMV4,Punjab  1,  ALR 3 ICGV 86325M13,RSI,M  197, GAUG  10, Somnath

straight  line  relationship.  R2  value  was  quite  high
in  majority  of  the  cases.   From   these  72   mos.   of
regression  equations,  the  relative yield  at different
salinity water of irrigation water in . elation to control
was  estimated  for all the  72  released  varieties  and
data  on  relative  salinity  tolerance   for  some  of
promising  cultivars  under  Spanish  and  Virginia
group in groundnut are listed in Table 4. These data
served only as guide to the relative salinity tolerance
among  different  varieties  of  groundnut.   Listed
varieties under Spanish  group  (Table 4)  showed  10
% reduction in dry matter yield  (90 % relative yield
over  control)   at  salinity  between   3   to  4   ds   in-i,
whereas  similar reduction  in yield  was observed  at

4.5  to  7  ds  in-I   salinity  in  case  of Virginia  group
which indicated that salt tolerance of cultivars under
Virginia group were greater than the Spanish group.
Earlier Girdhar (1999,  2004 and  2005)  reported  the
tolerance of different crops to -,oil and water salinity
in  the  following  decreasing  order  :   Sugarcane  >
Sunflower > Mustard > Wheat > Pearl millet > Dhaincha
>  Rice  >  Guar  >  Sorghum  >  Groundnut  >  Maize.

In most of the above crops, the sat. iity at which
reduction  was  greater  than  50  %  was  unsafe  or
hazardous.  Sometimes  the  yield  at a given  salinity
may  be   significantly  affected   but  the   percent
decrement  in  yield  at  that  salinity  level  may  be  in
the  safe  limit  on  the  basis  of economic  return.
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Table 4. Tolerance ancl yield potential of selected
released cu[tiuars of groundnut influenced bg

imgation water salinity (Eciui)

Var,ety Relative yield  potential

90%                75%               50%

Spanish  Bunch
TAG  24

DRG   12

GG4
Kadiri 4
GG2

ICGS  37

lcGS 44
VRI3

JL24
ICG(FDRS)  4

Girnar  1

Virginia Bunch

ICGV  86325

M522

GG20

ICGS  76

Virginia Runner
Somnath
TMV4

Chandra
ALR3

Punjab  I

Salimty of the imgation water (ds/in)
4.1

4.0

4.0

4.0

3.9

3.9

3.5

3.5

3.4

3.2

3.i

7.3                       12.5

13.4                      19.2

11.9                       16.8

6.7                        11.2

6.0                    9.4

8.8                      16.8

56                    9.2

5.8                       13.4

5.2                       8.I

9.6                    20.2

5.2                     8.6

41.8

23.5

29.7

30.4

37.7

26.3

25.1

25.0

21.7

In conclusion, it may be clarified here that these
results  can  be  used  as  guide  to  select  the  relative

tolerance among different varieties of the groundnut
in  a  given  soil  and  climatic  condition.
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6-3-1 -2                       Kesar                      Raspuri                     Neelum

Fig.  1.  Effect of Psuodomomas on flowering  in Mango genotype

Effect  of  clncturing  with  growth  regulators  on
flowering  ancl fruit size

The data (Table  1) showed that when trees were
cinctured with 2,  4-D at flowering stage,  maximum
increase  over  control  in  panicle  retention  (33  nos.
in  6-3-1-2)   of  all  the  varieties  was  obtained.  The
variety Raspuri was able to retain 25 panicles under
the  treatment  of 2,  4-D  whereas  in  control  only  2

panicles were  retained.

With regard to fruit yield  (Table  1)  there existed
significant  difference  among  the  treatments  under
all the varieties. In general all the varieties cinctured
with 2, 4-D showed higher fruit yield than NAA and
Alar.   The  variety  6-3-1-2   cinctured  with  2,   4-D
recorded   the   highest  fruit  numbers  of   159.50
followed  by  Raspuri  (55.50).  The  use  of  auxin  for
control  of  fruit  drop  was  earlier  reported  by  Ram
and Sirohi (1979). The response of NAA and Alar for
fruit  retention  was  earlier  compared  by  Arora  and
Singh  (1964).

Thus the fruits sprayed with 0.2% Psuedomoncis
from the time of flower bud initiation till harvest at
an  interval  of 20  days  followed  by  cincturing with
2,4-D  @   10  ppm  gave  higher  flowering  and  fruit
retention in  mango  trees  under coastal  ecosystem.
Moreover the response of local open pollinated clc)nes
tc)  the  treatment  was  more  than  the  introduced
varieties.

Table  1. EJfect Of cincturmg on paniele and fruit numbers in mango

Treatments Varieties

6-3-I -2 Kesar Raspuri Neelam

NAA 3.5 5.00 4.5 8.5 8.5 6.5 3.5 4

2,  4-D 33 159.50 11 22 25 55.5 13 26.5

Alar 8 7.00 6.5 11.5 13 7.5 7 6

Control 2 1.50 2.5 I.5 2 I.5 2.5 I.5

CD  at p=0.05 0.88 I.60 1.38 1.39 0.53 3.5 0.53 1.6

SEd 0.39 0.71 0.61 0.61 0.24 1.55 0.24 0.7
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Induction of Flowering in Mango under Island Ecosystem
T.  DAMODARAN,  R.P.  MEDHl,  V.  DAMODARAN,

R.B.  RAl  and  D.R.  SINGH

Central  Agricultural  Research  Institute
Port  Blair  -744101,  A  &  N  Islands

To  study  the  effect  of  Psuedomonas  on  floral  development  on  mango  (Wang/.fora  /.nd/.ca  i.),
Raspuri,  l{esar,  Neelam  and  6-3-1-2  trees  were  exposed  to  spray  from  the  month  of June  04 to
March  05.   Results  showed   higher  levels  of  flower  induction  in  trees  tieatod  wlth  0.2%  of
Psuedomonads  in  all  tlie  varieties.  However,  the  local  open  pollinat®d  clone  6-3-1-2 exhibited
higher  number  of panicles  than  the  others.  To  retain  the  induced  flowers  four tr®atmonts with
bioregulators  were  introducecl  as  root  cincturing  ones.  Among  them  the  panicl®s  cinctur®d
with  2,4-D  @  10  ppm  gave  the  highest  number of frults finally.

(Keg  words..  Mango foowenng,  Psuedomonas,  Cincturing,  F`ruit reterLtion)

Mango  is  one  of  the  most  important  fruits  of
the  tropics  and  is  cultivated  in  more  than   100
countries at both tropical and  subtropical latitudes
(Galar  Sauco,   1997).   Due   to  the  long  history  of
cultivation  in  this  subcontinent,  about a thousand
cultivars  of mango  are  known  to  exist  in  India.  A
wide range of cultivars is available in the Bay Islands
alone.  Most of the  islanders  are  early  settlers  who
brought with them varied clones/varieties available
from   the   mainla.nd   India.   Though  flower  bud
differentiation in India occurs between October and
December,   the  nowering  behaviour  in  Andaman
Islands  is  completely  different  (Damodaran  e!  a!.,
2001).   Flowering  habit  varies  from  clone  to  clone
under the island conditions.  Most of the local clones
have an erratic habit of producing some crops round
the  year.   The   typical   tropical  climate  of  high
continuous  rainfall  and  high  humidity  with  bright
sunshine make most of the mangoes avoid the floral

phase  and  maintain  vegetative  phase  (Damodaran
et a!., 2005).  Only with the intervention technologies
this  can  be   made  to   flower.   Works  at  Central
Agricultural  Research   Institute,   Port  Blair  on
induction of flowering and retention of fruits served
as tools for mango production.

MATERIALS  AND  IVIETHODS

The experiment was conducted between March
2004 to Febrauary 2005 on  6 year-old mango trees
of  cv.   Raspuri,  Neelam,   Kesar  and  6-3-I-2  in  the
farm  located  near Garacharma in  South Andaman.
Trees were sprayed with Psitec!omonas @ 0.2 % from
March  04  to  Febrauary  05.   F`rom  the  month  of
October with  the  initiation  of nowers  the  branches

were  cinctured  and  applied  with  Alar  @  50  ppm,
NAA  @   loo  ppm  and  2,  4-D  @   10  ppm  along  the
twine  tied  to  the  cinctured  area  of  the  branches.
The experiment was carried out in randomized block
design  with  four  replications  and  six  trees  under
each  variety.

RESULTS  AND  DISCUssloN

Effect of Psuedomonas on flowering
The trees of all the varieties sprayed with 0.2%

of Psuedomonas  showed  significant increase in  the
flowering percentage as compared with their control.
There  existed  significant  difference  between  the
varieties  in  flowering  in  response  to  the  treatment
with  Psuedomonas  (Fig.  1).  Among the varieties  the
variety  6-3-1-2   showed  the  highest  number  of

panicles (42.00) followed by Raspuri (40.00). Number
of panicles in  the varieties  Neelam  and  Kesar were
found  to  be  20.00  and  22.00,  respectively.  The
variation in number of panicles between the varieties
may  be  due  to  the  differential  behaviour  of  the
genotypes in response to the treatment and bearing
habit  of  the  clones   (Robertse   et  al.,   1988).   The
endophyte   Psuedomonas  apart  from  acting  as
component  of  induced  systemic  resistance  in  the
plant to anthracnose also initiated flowering due to
the existence of auxins in the  system  (Howie  et aJ.,
1987).  The  auxins  are  known  to  favour  vegetative
growth  and  may  inhibit  or  promote  flowering  and
fruiting in mango,  if present in high concentrations
(Chacko,  1968,  Singh  et aJ„  1968).  The application
of  pst/ec!omoncis  increases  the  level  of  flowering
enzyme   polyphenol  oxidase   along  with  other
enzymes  (Mayer and  Harel,  1979).
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Inhibition of Polypathogenic  Fungi by Leaf Extracts
o£ M2Ingo (Mangifiera indica L.)

JOHN  JACOB,  M.  JOY,  E.K.  ABHILASH  and  K.G  KIRAN

Cropping  Systems  Research  Centre.  Karamana
P 0.  Kerala  Agricultural  University,  Thiruvananthapuram  -695  002,  Kerala

Wang/fera  /.nd/.ca  L.  is  a  tree  commonly  planted  in  the  home  gard®ns  of  coastal  ocosyst®m  of
tropical  regions. A preliminary study assessed the Influence of mango loaf extract.[5,10,15, 25
and  50  °/a  (w/v)I  on  the  growth  of  certain  fungi  [PAyfopAthora  pa/in/.vora,   Co//etol//.chum

gl.oeosp.orio!des,_Altern?ria solani , Fusarium solani, F`hizoctonla b=taticola , Sc:Ierotium rolfsii.,AJacropAom/.na pAaseo//.na and Phomops/.s yexans] that infect many crops and cause substantial
economic  loss  to  farmers  in  the  home  gardens  of  Korala.  Mango  loaf extract  suppressed  the
growth  of all  the  fungi  except  S.  ro/fs/./..  A  remarkably  high  degree  of inhibition was  noticed  in
R.  bafal/.co/a  (up  to  89  %)  and  P.  pa/in/.yora  (up  to 47  %),  two  pathogons  that  infest  numerous
crops  in  homesteads.  The  mango  leaf  extract  offers  immense  potential  for  eco-friendly  and
sustainable  disease  management

(Key words.. Mango leaf extract, Antrfungal,  Eco-friendly disease management)

There  is  growing  ecological  concern  over  the
toxicity  and  intrinsic  hazards  arising  out  of  the
improper fungicide use for the control of air,  soil and
seed  borne  diseases.  Various  species  of plants  and
their  constituents  are  gaining  importance  in  crop
disease management as potent fungi toxicants in view
of  their  selective  properties,   low  cost  and  safety  to
ecosystem. The botanicals containing secondary plant
substances  which  control  the  diseases  caused  by
various fungi, bacteria and virus in plants (Fawcet and
Spencer,   1970)  are  superior  to  synthetic  pesticides
because of biodegradability, target speciricity and low
mammalian  toxicity.  Mango  (Mczngt/era I.nd!ca L.)  is a
widely  adapted  tree  commonly  planted  in  the  home

gardens  of tropical  regions.  Certain  phytochemicals
have been identified in different parts of mango (Duke,
1992)  and  the  allelopathic  effects  of mango  on  crops
have  also  been  reported  (Jacob and  Nair,  1998).  The

present   study   was   undertaken   to   assess   the
allelopathic  effects  of  maingo  leaf  extract  against
common phytopathogenic fungi of crops in Kerala.

MATERIALS  AND  METHODS

The  study  was  undertaken  at  the  College  of
Agriculture, Padannakkad, Kasaragod, North Kerala
during  2002.   Eight  test  fungi,   viz.   Phgrfophthora

palmtuora  Butler,  Colletotnchum  gloeosporioides
Penzig,  Azferrtancl soZcznt' (Ellis and  Martin) Jones and
Grout,   Fttsartwm  so!am   Snyder   and   Hansen,
Rh{zoctorlt'a   bafcltt.co/cz   (Taub.)   Butler,   Sczero£!.ttm

rolfsii SaLcc. ,  Macrophomina phaseolma (Ta`ssi)  Gold
and Phomaps[.s LJexans (Sacc`.  and Syd.) were isolated
from  the  infected  parts  of various  crops.

Isolation  of test fungi

Plant part showing early infection was cut into
small pieces and  surface  sterilized with 0.1  %  (w/v)
mercuric  chloride  for   I   min  followed  by  three
washings in sterile distilled water. Sterilized infected
tissue bits were plated on Potato Dextrose Agar (PDA)
medium   containing  the   antibiotic  sporidex  (a.i.
Cephalexin)  and  incubated  in  laboratory  condition
at room temperature  (25 ±  3°C).  Pure culture of the

pathogens  was obtained  by single  spore/mycelium
isolation method. The pathogenicity of all the above
fungi  was  tested  on  respective  plant  parts  under
laboratory  condition.  The  respective  fungi  were  re-
isolated  from  the  infected  tissues  to  prove  Koch's
Postulates.   The   pure   cultures   of  fungi   were
maintained   in  PDA  medium  supplemented  with
sporidex  antibiotic under  laboratory condition.

Preparation  of mango leaf extracts and  media

Fresh extracts of mango leaf of loo % (w/v) were

prepared in distilled water. For this mature healthy
leaves  of  MangiJera  [.nc!ica  L.   were  collected  from
trees   maintained   at   College   of  Agriculture,
Padannakkad,  Kasaragod.  Leaves  were  thoroughly
washed  under running  tap water and  shade-dried
for  1  h to remove their wetness.  Five hundred gram
of the leaf was weighed out,  chopped to 0.5 cm size
and homogenized in a mixer after adding 200 ml of
distilled water. The homogenate was initially riltered
through    a    layer    of   absorbent    cotton    and
subsequently  through  three  layers  of muslin  cloth
to remove all plant debris. The filtrate was collected
and  the  residue  was again  homogenized  twice  in  a
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mixer, each time with  loo ml of distilled water and
riltered  through  absorbent  cotton  and  three  layers
of  muslin  cloth  to  collect  the  excess  extract.  The
final volume of the extract was made to 500 ml with
distilled water to form  loo % aqueous extract.  PDA
media  containing  5,   10,   15,  25  and  50%  (v/v)  leaf
extract were prepared. To solidify the media, variable
amounts of agar were added and sterilized in autoclave
at  120°C and  ls pounds pressure for 20 min.

Inoculation  of fungi  on  PDA  containing  extracts

The  sterilized  PDA  containing  extracts  were
poured  into  sterilized  petri  dishes  (9  cm  dia)  after
cooling to luke warm temperature of 40°C. The media
was inoculated with 9 mm discs taken from growing
edges  of  5   day-old  cultures  of  test  fungi  and
incubated  at  laboratory  condition  (25  ±  3°C).  The

growth of fungi on different concentrations of various
extracts was measured  as  the  diameter of mycelial

growth  of  fungi   (cm)   at  3,   5  and   7  days  after
inoculation  (DAI). The PDA medium alone served as
the control. The percent inhibition/stimulation was
calculated using the  formula:

Inhibition/stimulation  (%)  =  I(T-C)/C]  x  100

Where, C and T are mycelial growth (cm)  of test
fungi  in  control  and  treatment,  respectively. .All
treatments were replicated thrice and average values
were  used   for  interpretation.   The  data  were
subjected  to  analysis  of  variance  for  completely
randomized  design.

RESULTS  AND  DISCUSSION

The   aqueous   extracts   of  leaf  of   M.   I.nc!ica
significantly   inhibited   mycelial   growth   of  the
different test  fungi  (Table  1).

Aqueous  leaf  extract  at  25  and   50  percent
Inhibited  growth  of  P.  palmi.Liora  significantly.  The
50  0/o  extract  caused  nearly  33°/o  suppression  of
mycelial  growth.  At  5  and  7  DAI,  suppression  of

growth was observed with 15 and 25% concentration
also. The inhibition caused  by the  50% extract at 7
DAI was remarkable  (48%).  Sivasithambaram  e! a!.

(1981)  reported  the  effectiveness  of eucalyptus  leaf
and bark extracts in inhibiting the mycelial growth
o{  Pkytophihora cinnamorhi.

The    growth    of    C.     gJoeosporto{des    was
significantly inhibited  by  15,  25  and  50%  at 3  DAI.
However, at 7 DAI the inhibition caused by the 50%
extract alone  was  significant.  Reports  of inhibition
of mycelial growth of C`o!!efotnchum/aJcafum by leaf
extracts  of  other  plants  (PolgciJthia  !origt/oJi.a  and

Parfhent.urn  hgsteropho"s)  are  available  (Kishore
ef a!.,1982). The suppression caused by the extract,
though  Statistically  significant,  was  very  low.  At  5
and  7  DAI,  the  effects  were  insignificant.

A.   soJcm[.  was   significantly   inhibited   by  all
concentrations  of  leaf  extract  at  3  and   5  DAI.
However,   degree  of  inhibition  decreased  as  days

progressed and  at 7  DAI  inhibitory effects were very
low  and  statistically  non-significant.   Inhibition  of
mycelial  growth  of  A!temarici  spp.  by  plant  extracts
are available (Senthilnathan and Narasimhan,1994).

The inhibition of F.  so]ant was significant at all
concentrations at both 3 and  5  DAI.  Higher extract
concentrations (25 and 50°/o) resulted in remarkable
inhibition.

The   growth   of  A.   batati.cola  was   inhibited
significantly at all concentrations at 3,  5 and 7  DAI.
Even low concentration  (5%)  of leaf extract resulted
in  more  than  50%  suppression  of mycelial  growth
at 3 DAl and the effect was at par with that of higher
concentrations.  Renu  (1981)  reported the inhibition
of mycelial growth of Rhzzoc!onia so!anl by aqueous
leaf extracts  even  at  low  concentration.  At  higher
concentrations  (25  and  50°/o)   the  inhibition  was
notably high and it ranged  from 70-90 %. A similar
trend  was  observed at  5  and  7  DAI.

The mango  leaf extracts did  not inhibit growth
of  S.   ro!/sit'.   The   growth   of   M.  phaseo[I.ria  was
suppressed at 3 DAI. The inhibitory effects were less
at  lower  concentration  but  increased  at  higher
concentrations.   The   inhibitory   effect   at   all
concentrations except  5% on  P.  L/exaris was evident
at 5 DAI. It is to be noted that these fungi by virtue
of their  fast  growing  nature  covered  the  petriplates
quickly  and  further  mycelial  growth  in  control  was
limited by the size of the petnplate. Therefore, in these
fungi, the mycelial growth and inhibition at 3 DAI were
to  be  considered  for a more  realistic  inference.

Several phytochemicals have been identified in
various plant parts of Mangt/era !.ndica, viz. Alanine,
alpha-pinene,  beta-pinene,  gallic  acid,  gallotannic
acid,  isoleucine,  isomangiferolic  acid,  kaempferol,
laurie  acid,  limonene  flower,  linoleic acid,  linolenic
acid,   mangiferic  acid,  mangiferine,   mangiferol,
mangiferolic acid,  mangiferonic  acid,  myristic acid,
p-coumaric  acid,  palmitic  acid,  quercetin,  tannin
and   threonine   (Duke,   1992).   The   inhibition   of
mycelial  growth  and  spore  germination  of various

phytopathogenic  fungi  by  water  extracts  of  many
plants  has  been  reported  (Jain  and  Pathak,   1970,
Joy  €t aL  2004).
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The  varied  effect  of  leaf  extract  on  growth  of
the  different  test  fungi  was  possibly  due  to  the
differential response of leaf extract to different fungi,
i.e.   certain  plants  having  toxic  impact  against
specific pathogens  might  have  been  less  inhibitory
to other pathogens  (Mishra and Tewari,1993).

The  inhibition of the  phytopathogenic fungi by
mango    leaf   extract    offers    a    cheaper    and
environmentally  safer  alternative  to  fungicides  for
the  control  of  phytopathogenic  fungi  causing
diseases  in  multiple  crops  in  home  gardens.  13ut,
comprehensive  field  experiments  are  necessary
before any conclusion is made on antifungal effects
of  mango   leaf  for  which   the   results   of  this
preliminary investigation  will form  a base.
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Influence  of Substitution of Potassium by  Sodium on the
Control of Fusarium Wilt in  Solanaceous Vegetables

K.K.  SuLOCHANA  and  C.R.  SUDHARMAI  DEVI

College  of Agriculture,  VeHayani  -695  522,  Thiruvananthapuram,  Kerala

Chilli and tomato are two important and  popular vegetables under the family Solanaceao. Th®so
are  affected  by  a  major soil  borne  diseases  caused  by  FusarJ.urn oxysporum  f.sp.  solani.  In  K/
Na  substitution  trials  conducted  in  the  Kerala  Agricultural  University,  it was  observed  that  in
plots  with  sodium  as  a  partial  substitute for  potassium,  the  occiirrence  of diseases  in  general
was considerably reduced.  Based on this,  preliminary trials were taken up with chilll and tomato
in  pot  culture  experiments  using  different  concentrations  of  salt  (Nacl)  as  troatmonts.  The
treatments  having  capacity  for  disease  suppression  were  further  evaluated  in  microplot
experiments.  Comparing  the  scores  in  different  treatments  with  control,  it  could  be  inferred
that  Na  applied  in  solution  form  gave  an  inherent  capacity  to  resist  lnfectlon  by  Fusarium  in
these  crops.  This  was  followed  by the  K/Na  substitution  treatment.

(Key u)ords.. F`usanal u)tit,  Potassium/ sodium substitutron, Chilli,  Tomato)

Chilli and tomato are two important and popular
vegetables  under  the  family  Solanaceae.  These
vegetables all over the world are affected by a major
soil  borne  disease  caused  by  Ft/son.urn oxgsporum
f.sp.  solani.  The  occurrence  of the  disease becomes
serious  during  summer  season  which  is  the  most
favourable time for raising vegetables in Kerala. The
losses due to this fusarial wilt may go even up to 80

percent in cases of severe Infection ('Padmodaya and
Reddy,1998).  The  fungus  enters  the  root  system,
establishes   and   blocks   the  coducting  tissues
resulting  in  wilting  of the  plants  and  consequently
a  complete  loss  of the  crop.

During  the  investigations  conducted   in  the
Kerala  Agricultural  University  on  the  possibility  of
substitution  of potassium  in  muriate  of potash  by
sodium in common salt as a fertilizer for agricultural
crops,  it was observed  that in  plots with sodium as
a  partial  substitute  for  potassium,  the  occurrence
of  diseases  in  general  was  con§idcrably  reduced.
Elmer  (1992)   reported   that  common  salt  when
applled to asparagus plants affected by fusarial wilt
could control the disease.  In plots where salting was
a   practice,   the   occurrence   of  disease   was   not
observed.  Coincident with the disconlinuation of the
salting practice, there was an increase in the number
of reports of destructive crown and root rot diseases.
In  Kerala also,  it was an age old  practice among the
farmers  to  apply  ash  and  common  salt  in  coconut

gardens.  Hence  an  investigation  was  carried  out  in
the  College  c)f  Agriculture,   Vellayani  to  study  the
el`fect of substitution of potassium by sodium on the

disease   suppression   of   fusarial   wilt   in   the
solanaceous vegetables,  chilli  and  tomato.

MATERIALS  AND  METHODS

Preliminary trials were taken up with chilli and
tomato  in  pot  culture  experiments.  Salt  (Nacl)  at
different  concentrations  were  given  as  treatments.
The treatments selected are given in Table  I. There
were eight treatments and three replications for each
crop.   Plants  were  grown  in  pots  and  Fttsan.urn
ox9sponJm was applied after its establishment. The
severity of the disease was  measured  based on  the
percentage  wilting.  Treatments  which  were  found
to  have  ability  for  suppression  of  disease  in  this
study   were   further   evaluated   in   microplot
experiments.  There  were  five  treaLtments  and  four
replications   in   this  experiment  for  each  crop.
Treatments in these experiments are listed in Table 2.
Plants   were   raised   following   the   package   of
recommendations  of  the   Kerala  Agricultural
University.  N:P:K  were  applied  @  75:40:25  kg  ha-I
for all the treatments except T7. In T7 instead of full
K,  half  the  dose  was  applied  as  K  and  half  was
applied as equivalent Na of common salt. In the other
treatments, salt was applied in powder form and also
as solution. A control was also kept in each replication.
The  pathogen   (FtJsarit{m  a:rgspo"m`   causing  wilt
disease  was  inoculated  to  the  healthy  seedlings  one
month after transplanting. The  plants were observed
for wilting symptoms as indicated by drooping of leaves,
curling of leaf margins and stunted growth of the plant
and  scored  for the  wilt incidence.
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Tablel. Mean wilt percentage infested by
F. oxysporum urider pot culture experment

Treatment Method  ofapplication Chilll Tomato

Tl.  o.5 °/o salt solution foliar 59 55
T2.  I  % salt solution foliar 60 77

T3.  0.5 % salt solution soil  application 37 40
T4. 0.5 g salt pewder _sed appkeation 36- 32
T5.  1g salt powder soil  application 38 36
T6.1.5  g Salt powder soil  application 41 42
T7.500/oK+500/a as fertilizer in soil 2170 1579

Na (substltution)

T8.  Control

Table 2.  Mean u]ilt percentage irrfested by
F. oxyspoTum under wicroplot expenment

Treatment Method  ofapplication Chilli Tomato

T1.  0.5  g  salt powder soil  application 40 38
T2.  I  g salt powder soil apphcation 52 68
T3. 0.5 % salt solution soil  application 28 23

T4.  50%K+50% as fertiJizer in soil 3291 25loo
Na  (§ubstitution)

T5.  Control

RESULTS  AND  DISCuSSION

Results  of  the  preliminary  studies  conducted
revealed  that  the  minimum  percentage  of  wilt
incidence  was  recorded   in  treatment  T7  which
received  50 °/o  K  and  50  °/o  Na  in  both  the  crops.  In
chilli  the  percentage  of  incidence  was  21  and  in
tomato,15.  In  the  case of chilli,  the  next minimum
incidence was recorded in the treatment T4 followed
by T3. In tomato also the second minimum incidence
was  observed  in  T4  followed  by  T5.  Maximum  wilt
incidence recorded was in treatment T3, i.e.  60 and
77 for chilli and tomato, respectively. Control plants
recorded  maximum  wilt  incidence  of  70  and  79
percentage,  respectively  for chilli and  tomato.

From the  microplot experiment it was revealed
that  out  of  the  two  methods  of  application,  viz.
powder   and   solution   form   of   common   salt,
application  of 0.5  °/o  solution  of Nacl  recorded  the
minimum  percentage  wilt  of  23  and  28  in  tomato

and  chilli,  respectively  which  was  followed  by  the
substituted treatment T4.  Except in the substituted
treatment,   in   all  other  treatments,   the  Nacl
application  was  done  over  and  above  the  normal
recommended  dose of N,  P and  K.  In  the treatment
T[  (where  sodium  chloride  was  applied  in  powder
form)  the percentage  wilt incidence was 40  in  case
of chilli and 38  for tomato.  Control plants recorded
a wilting-percentage-Of 91  and too,  respectively for
chilli and tomato.  Cctmparing the scores in different
treatments with  control,  it can  be  inferred  that  Na
either  in  powder  or  in  solution  form  applied  in
addition  or  substitution   supplies  an   inherent
capacity  to resist infection  by fi/son.ttm.

When  Na  was  applied  along  with  K  at  50:50
combinations,  the  plant  uptake  of  K  was  found
increasing  in  several  crops  (Sudharmaidevi  ef  al.,
2002).  An  increase  in  K  content  in  plants  was
favourable  because   K  was  a  factor  in  defence
mechanisms  of plants  against  diseases  and  insect
pests.    It   induced   various   biochemical   and
histological changes in the plant which, in turn, form
this  mechanism  that  induced  capability  for  the
plants to resist bacterial and  fungal attack.  Na was
also  reported  to  have  fungicidal  action  especially
against  /ttsaritJm  as  reported  by  Elmer  (1992).
Hence,  it can be concluded that the practice of 50°/a
substitution  of K  by  Na  was  beneficial  in  terms  of
savings   in   fertilizer  cost,   added   income   from
increased  yield,  and  enhanced  ability  for  disease
control in  these  crops.
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The  cigarette  beetle,  Las/oderma  sorr/com.,  a  serious  post  of  stored  tobacco,  also  causes
considerable  damage  to  tobacco  seed  during  storage.  Th.  dry  loaf powd.rs  of §Ix  plants,  viz.
Cp'o%=ad%adra%h`!n.e.rnm^eL£P,I.!!'a.T.`.h:S.:P_a{!±:_-i±-FS.r=i`fri-s.'p±'c:;a::,"A.z=L|Sr.a*cph't%"Fsn'd::Za..
Pongamfa g/ao/a and Datura stramon/urn wore test.a for their efficacy against cigarctto b.otle
intobaccoseedstoragoat2.5and5.0°/.(w/w)coricentrations.TheleafpowderofAndrographi.s
pc3[:=3'.antfrr^enc?nraa'emd.th-::.3r^e^s.,-n-u_I-P3-r_i,I:i_?jafi;-o[-.rii'fp`ei;i:ir,5*o-a"i:i:X..,-ef:#5g'"'os,
C/e/odendroni.nermeat5.I/oconcontration.TheleafpowderofC/.rodendronJ.n.rmocouldprotecl
the  tobacco  seed  even  al  concentration  as  low  as  1.5°/..  Triere  was  no  advors.  Off.ct of this
troatmontonthegerminationoftobaccosoed.TheOfficacyofC/erodandronJ.norm.Ieafpowder
was  retained  for six  months,  whereas  that of Andrograph/s pani.cu/ala  was  obsorvod only for
four  months  at  5%  concentration  .  The  possibility  of  using  those  treatments  in  tobacco  s.od
storage was  discussed.

(Key ulord8: agarette beetle, Tobcicco seed s.orage, B.o-ef:ficacy of botamcats)

The  cigarette  beetle,  Lciszoderma serrt.come is a
serious  pest  of  stored  tobacco  leaf  and  tobacco

products like cigarettes, cigars and chewing tobacco
(Jones,    1913).   Besides   tobacco   the   insect  also
attacks  virtually  any  product  made  from  plant  or
animal material including rice, ginger, pepper, dried
fish,  dates,  seeds,  dried flowers, pyrethrum powder
(an  Insecticide),  rodenticide  baits,  dried  or pelleted
pet food, straw upholstery stuffing, cotton seed meal,
books,  and  rodent droppings  (Ali  e{ aJ.,   1974,  Patil
et aJ.,1988)  . The ciga.rette beetle is of major concern
in  tobacco  seed  storage  as  it  causes  considerable
loss  of seed  if proper  protection  measures  are  not
adopted.  It has  been a  practice  in  Central Tobacco
Research  Institute,  the  sole  authorized  agency  to
produce and supply tobacco seed,  to spray the seed
with Malathion 50 EC by a ultra-low volume sprayer
in  an undiluted  form to protect  it  from  the damage
by  cigarette  beetle.  Though  the  practice  is  very
effective in checking the pest, considering the ability
of  the  pest  to  develop  resistance   to  insecticides

quickly   (Chouhan   ef  aL    1984)   it   has   been
contemplated to test botanicals against this pest as
an  ecologically  safe  alternative.   Thus  dry  leaf

powders of six plant species have been tested under
the present study for their efficacy to protect tobacco
seed  from  damage  by  Last.oderma semcorne under
Storage.

MATERIAL AND  METHODS

rest i.nsecf.. The initial culture of cigarette beetle
was collected from  infested  tobacco leaf samples of

previous  season.  These were  then  reared  on  wheat
flour  fortified  with  5%  Brewer's  yeast  at  27  +  2°C
and  65  i  5%  relative  humidity.  The  procedure
developed by Fletcher (1977) was used for collecting
eggs for use in the  bio-assays.

PJarif  maferl.aJ..  The  leaves  or  three  medicinal

plaLnts,  viz.  Andrographis  paniculata>  Phyllanthas
amarus  and   CJeroderidrori  I.ne77ne  and  three  other
plant   species,   utz.   A2:ar!'rachta  {nczi.ca,   Pongcimi.a
gJcibra  and   Daft/ra  stramorit.urn  were  dried  under
Shade and powdered  for use in  the  bio-assays.

Bio-assa3/s..  Bio-assays  were  conducted  taking
25 g of tobacco seed in plastic , ventilated containers
and   mixing  the   seed   thoroughly  with   dry  leaf

powders   at   0.5   to   5%   (w/w)   concentrations.
Untreated  seed  was  used  as  control  and  all  the
treatments  were  inoculated  with  fixed  number  of
freshly laid eggs of I. serrl.come and were replicated
thrice.  To   assess   the   persistence   of  efficacy  of

promising   treatments,   the   treated   seed   was
inoculated  with  eggs  of the  test  insect  at  monthly
intervals and the life stages of the pest were counted
at  regular  intervals.   The   effect,   if  any,   of  the
treatments on  the germination of tobacco seed was
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assessed   by   subjecting   the   treated   seed   to
germination  test on wet filter paper.

RESULTS AND  DISCUssloN

Among  the   three   medicinal  plants   tested
Andrographis pawiculata and  Clerodendron inerrne
were  found  to  affect  the  growth  of  Las{oc!erma
sern.come adversely at 2.5  and  5%  concentrations.
The lowest mean larval population was recorded in
the  treatment  with  Androgroph].s panicu!ata  at  5%
followed  by  the  same  plant  at  2.5%  concentration
and  Clerodendron I.nerme at 5% concentration (Table
1).  No  pupal  stage  of the  pest  was  recorded  in  the
treatments  with   Andrographis  pcimctt!ata  and
C!erodendron I.nerme at both concentrations te§ted.
Significant  reduction  in  the  mean  number  of  life
stages   of   I.sern.orne  was   recorded   in   these
treatments compared to control. The medicinal plant
PhgJ!anthtts  amarus  did  not  have  any  influence  on
the test insect at the concentrations tested.  Among
the  three  other  plant  species  tested  for  their  bio-
efficacy  against   Last.oderma  serricome,   only
Azad[rachta  {nd{ca  could  affect  the  growth  of  the
insect  at  5%  concentration  (Table  2).  In  an  earlier
study  with  Spodopfera  !!turo,  it  was  observed  that
the acetone extract of Andrographi.s pa".cuJci{a had
very  strong  antifeedant  activity  against  the  third
instar  larvae  (Gunasekaran  et ci!.,  1985).

Table  1. Potential of three medieinal plants as
seed protectants of tobacco

Treatments Mean  no. Mean  no. Mean  no.
of larvae of pupae of lifestages

ClerodendronI.nerme2. 5%Clerodendron'lrleme5.0%Andrunhrspanrmha2.5%Andrograpluspanioufcta5.0%PkyllcuthascimanJs2.5%Pkyhauthasamanfs5.0%Control 2.5  (5.33) I.00  (0.00) 2.50  (5.33)

1.52( I.33) 1.00  (0.00) 1.52  (1.33)

1.38  (I-00) 1.00  (0.00) 1.38  (I.00)

1J24  (0.67) 1.00  (0.00) 1.24  (0.67)

2.38  (4.67) 7.83  (60.33) 8.14  (65.33)

2.43  (5.00) 7.81  (60.00) 8.28  (67.67)

2.90  (7.67) 8.29  (67.67) 8  90  (78.33)

SEm+ 0.20 0.12 0.18

CD at p = 0.05 0.62 0.37 0.54

CV% 16.99 5.26 6.70

Figures in parentheses are  original treatment means

Tc.ble 2. Ej:ficacg Of selected plant species as seed
protectants of tobacco against L.serrLcorr\e

Treatments Mean  no Mean  no. Mean  no.

of larvae or pupae of lifestages

Azadurachiaindica2.5%Azadirachiaind[.co5.oo/oPongarfuaglabra2.5%Ponoamraglc,brc,5.0%Dafurastromonit/in2.5%Dafuras!rcinroninrri5.0%Control 3.26  (9.67) 2.87  (7.33) 4.24  (17.00)

2.44  (5.00) I.63  (I.67) 2.76  (6  67)

1.72  (2.00) 4.32  (17.67) 4.55  (19.67)

I.91   (2.67) 4.04  (15.33) 4.36  (18.00)

I.66  (2.00) 4.31  (17.67) 4.55  (19.67)

2.94  (7.67) 3.37  (10.33) 4.35  (18.00)

I.82  (2.67) 4.19  (16.67) 4.51  (19.33)

SEm+ 0.24 0.16 0.07

CD  at p=0.05 0.75 0.48 0.22

CV% 18.97 7.67 2.92

Figures in parentheses are  origlnal  treatment means

rab[e  3.  Pofeutia! o/Andrographis paniculata  aric!
Clerodendron  inerme  as tobacco seec!

protectonts .]t lower concentrations

Treatments Mean  no. Mean  no. Mean  no.

of larvae of pupae of lifestages

AndrographepflrilouJata0.5%Andrographrspani.citJataI.o%Andrographispariculata1.SOY(oAndrographrspaniculata2.0°noCedendronmeme0.5%Clerodendronin,rm€I.0%ClerodendronInemeI.5%ClerodendroTLnerme2.0%Control 1.72  (2.00) 2.91  (7.67) 4.45  (19.67)

2.66  (6.33) 3.21  (9.33) 4.08  (15  67)

1.24  (0.67) 4.51   (19.33) 4.58  (20.00)

1.88  (2.67) 3.78  (13.33) 4.12  (16.00)

2.56  (5.67) 1.00  (0.00) 2  56  (5.67)

1.24  (0.67) I.00  (0.00) 1.24  (0.67)

1.00  (0.00) I.00  (0.00) I.00  (0.00)

1.00  (0.00) I.00  (0.00) 1.00  (0.00)

1.81   (2.67) 4.19  (16.67) 4,51  (19.33)

SEm+ 0.26 0.16 0.15

CD  at p=0.05 0.78 0.48 046

CV% 26.88 11.04 9.14

Figures in parentheses are original treatment means
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Table 4. Persistence Of efficacy Of A.ndrographis panioulzLto and
Clerodendron inerrne as seed protectants Of tobacco
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Treatments Mean  no. Mean  no. Mean  no.  of
of larvae of pupae life  stages

Andrographis paniculata 2.5 °uo 2 months 1.97  (3.00) 3.21  (9.38) 3.64  (12.33)

AndTographis paniculata 2.5  °ylo  4  months I.63  (1.67) 3.82  (13.67) 4.03  (15.33)

ArLdrographis panioulata 2 . 5 °ylo  6  months I.24  (0.67) 4.20  (16.67) 4.28  (17.33)

Andrographis pawiculata  5.0 °y{o  2  months 1.24  (0.67) I.66  (2.00) 1.79  (2.67)

Andrographis panioulata 5.0 °Wo 4 months 1.52   (1.33) 2.70  (6.33) 2.94  (7.67)

Andrograph.s pamculala  5.0  Duo  6  months 1.38  ( I.00) 3.50  (11.33) 3.64  (12.33)

Clerodendron inerme 2.5 °Wo 2  months I.38  (1.00) 1.00  (0.00) I.38  (I.00)

Clerodendron inerme 2.5 % 4  months 2.49  (5.33) 1.90  (2.67) 2.99  (8.00)

CJerodendrori irierrrie 2.5  %  6  months 1.58   (1.67) 2.99  (8.00) 3.26  (9.67)

Clerodendron inerme  5  0 °Mo  2  months I.00  (0.00) I.00  (0.00) 1.00  (0.00)

CJeroderidrori lner7ne  5,0  %  4  months i.79  (2.33) 2.02  (3.33) 2.58  (5.67)

C/eroderidron  ['rierme  5.0  %  6  months 1.38   (1.00) 2.63  (6.00) 2.82  (7.00)

Control I.81   (  2.67) 4.19  (16.67) 4.51   (19.33)

SEm+ 0.24 0.20 0.19

CD  at  p=0-05 0.70 0.61 0.56

CV% 26.59 13.47 11.10

Figures in  parentheses are  original  treatment means

When     the     promising     treatments,     i.e
Andrographis  paniculata  a.nd  Clerodendron  inerTne
were  tested at lower concentrations  (0.5  to 2.0%),  it
was   found   that   C`Jerodendrori  irierme   recorded
signiricantly lower mean number of larvae compared
to control at  1.5 and  2.0%  concentrations  (Table 3).
The  treatment  with   C`leroderlc!ron  ['nerme  did   not
record   any   pupal   stage   of  the   pest  even   at
concentration as low as 0. 50/o. This treatment could
inhibit  all  the  growth  stages  of  cigarette  beetle  at
concentrations  of  1.5  and  2%.  The  medicinal  plant
Aridrographz.s pant.cuJatci was found  to be ineffective
at a concentration  below 2%.

In   the  experiment  to  test  the  persistence  of
efficacy     of     Aridrograph!s     pan.c.L{Jata     and
CJeroc!endron [rlerrrie as seed protectants of tobacco,
it  was  observed  that  the  differences  among  the
treatments  for  mean  number  of  larvae  were  non-
significant (Table 4)  because the  pest crossed larval
stage  by  the  time  data  were  recorded.   Significant
reduction  in  mean  number  of pupae  was  recorded
with     CJeroc!encirorl    t.rlerme    at     2.5     and     50/o
concentrations  for  a  period  of  6   months  after
treatment.   Aridrographts  pan.cuzcifci   recorded
significantly  lower  mean  number  of  pupae  at  5%
concentration for a period of 4  months only.  Similar
trend  was  observed  when  the  mean  number  of life
stages of the  Insect was  considered  for comparison.

Table 5. Eff act of botanicats on tobacco seed
germination

Treatment Mean no.  of seeds

germinated

Andrographis panieulala 0 . 50/o

Andrographis panioulata  \ .0°Mo

Andrograph,is panioulata  1.S°ylo

Andrographis panioulata 2 .0°Wo

Andrographis panieulata 2 . 5°Wo

Andrographis panioulata 5.0°y{o

Clerodendron inerme o .5CI/o

C!eroc!enc!ron  [nerrrie  I.00/o

Clerodendrori  merrrie  I.5%

Clerodendron ineTme 2.0°Vo

Cle rodeirdron inerme 2. 5°Mo

Cleroczendron  lrierrri€  5.0%

Control

SEm+

CD  at p=0.05

CV%

4.58  (20.00)

4.43  (18.67)

4.51   (19.33)

4.43  (18.67)

4.43  ( 18.67)

3.99  (15.00)

4.51   (19.33)

4.55  (19.67)

4.51   (19.33)

4.55  (19.67)

4.43  (18.67)

3.95  (14.67)

4.55  (19.67)

0.05

0.16

2.10

Figures in  parentheses are  original treatment means

When methanol extracts from 30 aromatic medicinal
plant species and five plant essential oils were tested
for  their  insecticidal  activities  against  Last.oderma
sern.come (F.) adults using direct contact application
and  fumigation  methods,  good  Insecticidal  activity
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was  achieved  with  extracts  of  Agastache  rugosa
whole  plant,   Ct.nnamomum  cassfa  bark,   J!J{ci.ttm
LJe"m fruit and  Foent'ctt!um  uttigare fruit  in  a filter
paper  diffusion  method  (Soon  et  a!.,   1995).  In  an
experiment  to  test  the  repellent  action  of dry  and
fresh  leaves  of  51  commonly  found  plant  species
against  Last.odema  sern.come,  it  was  observed  in
Baroda,  India (Ambadkar and Khan,  1994)  that six

plants,  namely  Rawo!/I.a  cQnescens,   VI.nco  rosea,
Tamarindus  indica,  Euphorbia  nehifolia,  Acalypha
hispt`da and  CoJetts  barhafus  had  100%  repellance
both in wet and dry condition.

The germination of tobacco  seed was adversely
aL[[ected    by     Andrographis    paniculcLta    and
CJerodendrori  inerme  at  5  °/o  concentration  only
(Table  5).  These  two  treatments  did  not  have  any
adverse effect on the viability of tobacco seed at 2.50/o
concentration at which they were found very effective
against L. serrieome.

Thus,  dry leaf powders of C!erodendron I.nerme
and Androgropht.s pan.cuzafa could be integrated in
the   management   programme   of   Last.odgrma
serri.come  in  tobacco  seed  storage  as  they  were
effective and ecologically safe and could protect the
seed for a period of six months.
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Post-harvest  Quality Enhancement  of Guava
(PsH/.dr.urrz] gzia/.ava L.)  by  Chemical Treatment
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Guava (Psu/.d/.urn gua/.8va i.) is highly perishable and cannot be stored for long in ambient condition.
An experiment was carried out to find the influence of various chemicals on  post-harvest shelf life
enhancement.  Two  syntlietic  fungjcido8,   viz.  Topsin   M  (Thiophanate  methyl)  and  Bavistin
(Carbendazim)  were  applied  within  the  permissible  limit,  and  Caclz and  GAS were  used  for  the
experiment.  The  post-harvest application  of  GA,  (100ppm)  was  found  relatively  superior to  other
treatments  in  extending the  shelf life

(Key Words:  Guava,  Post-ha.ruest qualitg,  CheTr[ieal treatment)

Guava  (Psu!'d{.t{m  gtJajaLJa  I.)   is  a  popular  fruit
subtropical in origin, belongs to the family Murtaceac.
It is the rifth important fruit in India covering an area
of  I.51  lakh  ha  with  a  total  production  of  18.0  lakh
tonnes  (Chadha,  2001).  This  is  highly nutritlous  and
rich   in   Vitamin-C    (210    mg   per    loo   g)    and
carbohydrates ( 11.2 g per  loo g), (Gopalan et a!. ,1991).
Therefore, it is an ideal fruit for the nutritional security.

Guava however is highly perishable and cannot
be  stored  longer  in  ambient  condition.  Because  of
its   perishable   nature,   these   are   disposed   off
immediately after harvesting in the local market and
a very small quantity is sent to distant markets. To
minimize post-harvest losses for better returns and
to avoid market glut it is necessary essential to store
the  fruits.  Extension  of shelf life  can  be possible by
checking  the  rate  of transpiration,  respiration  and
microbial infection.  Keeping the above aspect in view
an experiment was carried out to find the influence
of  various   chemicals  on   post-harvest  shelf  life
enhancement of guava.

MATERIALS  AND  IVIETHODS

This  experiment  was  conducted  to  study  the
effect  of various  post-harvest  chemical  treatments
on   storage  life  of  guava.   Topsin   M   (Thiophanate
methyl)   and   Bavistin   (Carbendazim)   are   two
synthetic  fungicides  which  are  used  for  treatment
of fruits at post-harvest stage (Bhutani  et a!.,1993).
These two chemicals are used at 0.10/o and 0. 2% levels
each.  The  solutions  were  made  with  distilled  water.
The permissible dose for these two chemicals is 0.05-
0.2%. After 10-15 days of `Lreatment no residual toxicity
remains in the fruits and is fit for consumption. Cac12
was  used  at  1%  and  2%  level  solution  with  distilled
water and was used in the experiment.

Gibberellin was used  at  100  ppm  and  200  ppm
levels.   For  preparing   100   ppm   solution   in   this

experiment  200  mg  of GA3  was  first dissolved  in  2
ml  of ethyl  alcohol  and  the  final volume was  made
up  to  2  litres  by  adding  distilled  water  to  it.

Uniform  sized  good  unblemished  matured  fruits
of Harijha variety were procured with utmost care  so
as to avoid any type of physical damage to the fruits.
The  fruits were  washed  properly with  distilled  water
and  air dried. The collected fruits for each treatment
were  kept  separately.  One  lot  was  kept  as  such  for
control  and  the  other  lots  were  dipped  in  respective
chemicals for 10 minutes duration. Then the solutions
were ,drained  and  fruits  were  kept  on  the  table  for
surface drying.  After air drying each separate lot was
packed  in  polyethylene  bags  (loo  gauges  having  10-
15%  vent)  and  stored  under  rocrm  temperature  (25-
30°C) with proper labeling. Visual colour changes and
firmness of the frui`is were observed from time to time.

The observations on juice content, pulp weight,
peel  weight,  seed  weigh.t,  biochemica.I  observations
such as TSS, acidity', reducing sugaLr and total sugar
content were carried out using standard biochemical
methods  (A.O.A.C„   1980).

RESULTS  AND  D.lscussIONS

The highestjuice content (20.2 0/o) was recorded
when  guava  fruits  received  GA3  treatment  at  200

ppm at post-harvest stage. The lowestjuice content
was recorded under control,  i.e.17.69% without any
chemical  treatment  (Table   1).

Topsin  M  and  Bavistin  chemicals  are  reported
to control [ungus such a.s  Rhizopus spp., Penicillium
spp.,   Aspergillus   spp.,   etc„   which   are   most
commonly associated with the rotting of guava fruits.
Likewise,  calcium  is  largely  responsible  to  act  as  a
bridge to bind  sugar and phosphate derivatives and
finally  form  a  large  polymer  and  extends  the  shelf
life  of fruits  by checking the internal  break down  of
the  fruits  (Amen,   1987).   Post-harvest  application
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of  Gibberellin  slows  down  the  ethylene  production
and  reduces  the  rate  of  respiration  leading  to  low
rate  of oxidative  metabolism  and  pectin  hydrolysis
through  decline  catalase  and  Poly  Methyl  Esterase
(PME)   activity  (Suryanarayan  and   Gaud,   1984).
Biochemical  and  other  tests  were  carried  c>ut  on
fruits  after  12  days  of  storage  when  it  was  found
that  most  of  the  fruits  were  turning  yellow  and
becoming soft,  thus loosing consumer acceptability.

The  pulp weight was  significantly  influenced  by
the  chemical  treatments.  The  highest  pulp  weight
(81.75%) was recorded when the guava fruits received
GA3  (200 ppm)  at post-harvest stage.  The  peel weight
and seed weight were not significantly affected by the
chemical treatments given to the fruits at post-harvest
stage. The peel weight remained ln the range of 13.82
-  14.95  g per  100  g  of fruit weight  whereas  the  seed

weight  remained  in  the  range  of 4.40  -  4.83  g  per
loo g of fruit weight (Table  2).

In the biochemical parameters studied the TSS
of the treated fruits was  significantly influenced  by

:::o:LeeadtTheenths]g::sett;;%t,|eent2°of28%3f!i[::epdp;}
20.0°8  in  GA3  (200  ppm)  application.   Rest  of  the
treatments were found to be  statistically inferior to

Table  1. E;ffect of uanous post-harvest chemieal
treatments on juiee content If guaua f"its

Treatments % Juice  content

Topsin  M  0.1% 17.70

Top§in  M  0.2% 17.70

Bavistin  0.1% 17.71

Bavistin  0.2% 17.72

Cac12  1°/o 17.82

Cac12  2% 17.83

GA3  100  ppm 19.91

GA3  200  ppm 20.02

Control  (Water) 17.69

Table 2. Effect Of ua   ous post-harvest chemieal
tTeatmeuts on peel u)eighi, pulp uJeighi and

seed u)eight of guava fruits per I 00 g

Treatments Pulp weight Peel wt Seed wi
(g) (g) (8)

Topsin  M  0.1% 80.27 14.89 4.83

Topsin  M  0.2% 80.25 14.90 4.81

Bavistin  0.1% 80.33 14.87 4.78

Bavistin  0.2% 80.32 14.88 4.72

Cacl2  1% 80.74 14.51 4.74

Cacl2  2% 80.79 14.44 4.76

GA3  loo  ppm 81.52 13.91 4.51

GA3  200  ppm 81.75 13.82 4.40

Water 80.18 14.95 4.82

these  treatments  in  respect of the  character under
reference  (Table  3).

The acidity of the guava fruits was not affected
by  the  chemical  treatments  given  to  the  fruits  at
the   pc)st-harvest   stage.   Highest  percentage   of
reducing sugar (7.55%) was recorded in the controls
followed  by  (7.45%)  in  bavistin  (0.1°/o)  treatment.  The
lowest % of reducing sugar (6.95%) was recorded under
GA3 application. The highest % of tc>tal sugar ( 15.55%)
was recorded when  the fruits received GA3  (loo ppm)
treatment.  The  lowest 0/a  of total  sugar obtained,  I.e.
14.85%  was in  Cac12  (1%)  treatment (Table 3).

Table  3.  Effect Of uarlous post-harvest cherwical
treatments on TSS, acidity, reducing
sugar and total sugar of guava fruits

Treatments TSS 08 Acidity Reducing Total

(%) sugar (%) Sugar (%)

Topsin  M  0. |o/o 19.20 0.106 7.11 15.27

Topsin  M  0.2% 18.59 0.119 7.10 15.28

Bavistln  0.1% 19,16 0.119 7.07 1525

Bavistin  0.2% 18.93 0.118 7.45 15.25

Cacl2  1% 18.68 0.112 7.05 14.85

Cacl2  2% 18.68 0.112 7.17 14.90

GA3  100  ppm 20.20 0.106 6.95 15.55

GA3  200  ppm 20.00 0.109 7.00 1530

Water 18.40 0.Ilo 7.55 15.20
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Betel  vine  is  an   important  cash   crop  in  Orissa.  The  present  paper  deals  with  the  effect  of
cultivation  practices  on  conditioning  performance  and  biochemical  quality  changes  in  betel
loaves.  The  quality analysis  indlcatos  that though  most of the  nutritional  components  Such  as
protein,  carbohydrates  and  total  ash  content  remained  fairly  constant,  there  was  a  noticeable
difference  in  the  conditioning   parameters.  These  changes  in  condjtionod   leaves  probably
contribute towards  its  better  consumer acceptability.

(Key words: Betel leaves,  Post-harvest quclhly,  Condttromng,  Biocher"cal changes)

Betelvlne,  commonly known  as  Pan  (p{.per betle
L.)  is a perennlal, dioecious, evergreen creeper grown
in  moist,  tropical  and  sub-tropical  regions  c)f India.
The  betel   leaf  is  cultivated   either  under  forest
ecosystem  with  support  or  in  artificially  created
shaded  condition,  locally  known  as  "bciraj.  There
are two major kinds of bard/ in practice.  Dependlng
on  the  soil  type  it  is  termed  as  Mai]. bama/ (clay  soil)
and  BaJ!.  bamaj  (sandy  soil).  Though  betelvine  was
originated in Malaysia, at present it is an important
cash  crop  in  dif`fe.rent  parts  of  India   ln  India  it  is
cultivated  in  about  55000  hectares  with  annual
turnover  of  Rs.  900  crores  providing  livelihood  to
about  15 million people  The annualyield of the betel
leaf in India varies  from  600  to  700  bundles  ha-I  (1
bundle  =   10,000  leaves)  and  the  average  yield  per

plant  varies  from  60  to  80  leaves  year-I.  In  Orissa
betelvine  is  cultivated  in  an  area  of over 4000  ha in
the coastal  districts of Balasore,  Bhadrak,  Cuttack,
Purl,  Khurda,  Jagatsingpur,  Kendrapara,  Ganjam,
Gajapati,   Nayagarh    Godi   Bangla,   Noua  Cuttack,
Sanchi,  Birkoli are  some  popular varieties grown in
Orissa.  An extensive  survey Indicates that a greater

percentage  of betel  leaves  in  the  s+ate  are  used  for
conditioning.  Conditioning is a process in which the

green  colour  of  the  leaves  is  changed   to  yellow  /
white  which  are  highly  demanded  by  a  group  of
consumers.  The  process not only  fetches  high  price
because  of  consumer  preference  but  also  Increases
the  shelf life  of the  leaves  to  a  noticeable  extent.  The

present  paper  deals  witl`i  the  effect  o:`  6ara/  type  or.
conditioning performame  and  c`       utritional chat  ges
that occ\ir during the  process  of condit]oning.

MATERIALS  AND  METHODS

A  field  survey  was  conducted  in  the  Paradeep
district of Orissa to assess varietal influence grown
on  different   types  of  soil   (baraj  type)   on   the
conditioning  performance  of  the  betel  leaves.  An
experiment  was  carried  out  in  the  growers-cum
processors  traditional  chamber to  study  the  effect.
For this  purpose  the  samples  of green  betel  leaves
were collected both from  Bah bardy and  Matt baTaj.
Those    were    then    subjectetl    to    traditional
conditioning  process  of  alternate  heating  and
cooling.  Disease and insect free matured betel leaves
of same  variety  were  collected  from  the  farmers  of
Balipatna  area  of  Puri   district   (Matt  barclj)   and
Kujang  area  of  Paradeep  district  (BaJl  bcunj|.  The
leaves  were  washed  properly,  bundled  in  50  each,
covered   with   moist  cloth   and   brought  to   the
traditional  VAT  on  the  same  day.  The  betel  leaves
were  traditlonally conditioned  using the VAT,  made
up  of  brick,   clay  and  bamboo  strips.   Heat  was
generated inside the VAT by burning charcoal. After
heating the leaves were subjected to a cooling period
of about  36  to  72  h  depending on  the atmospheric
weather  conditions.  This  process was  repeated  3  to
4  times  till the colour of the  leaves were  changed  to

yellow.  Both types of leaves were also stored by using
traditional method of packaging.  Number of heat and
cooling  cycles  causing  damaged  and  rotten  leaves
were  estimateci  on   percentage.   For  each  group  of
samples  tiua'iity  analysis  was  made  to  obtain  the

proximat'_.  cot:Iposition  (moisture  content,  proteln,
fat,  carb'J.}'drate,  fibre and some minerals)   Quality
analysis L`as bc`c`n made using the standard methods

(AOAc,   icjorj;
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RESULTS  AND  DISCUSSION

The results (Table  1)  indicated that the samples
collected   from   Mcitt  barcij  took  longer  period   to
achieve   the   same   intensity   of  conditioning   as
compared  to  that of Ba!{. bcircij.  This was  t)ecause  it
required more number of charges. Around four times
charging was required. The percentage damage was
also  high  both  as  heat  damaged  leaves  (14%  as
against  4%t  and  rotten  leaves  (2%  as  against  no
rotten  leaves).  Bci!i  bare/  leaves  were  left  with  less
number  of  green  leaves  thus  showing  a  better
efficiency of the system. The water holding capacity
of  the  Ba!{  barcij  (sandy  soil)  was  less  because  of
which   the   growth   was   slow.   The   leaves  were
relatively  thick  and  the  heat  resistance  was  more.
This might have been one of the contributing factors
for  better  conditioning  performance.  There  was  a
significant difference in the storability, which could
affect  the   market   price.   A   thirty  day-storage
experiment  indicated  that  conditioned  leaves  from
Ba!i` haroj could safely be stored for  13 days without
rotting, whereas the storability of conditioned leaves
from  A(Taft. baroj was  only  for eight  days.

Table  1. Test report of the conditionmg
experunent in traditional VAT

Paraneters Mati baraj Bdi bara]

No  of charges 4 3

No of heat danaged leaves 14% 4%

No  of rotten  leaves 2% 0%

No of green leaves 4.5% 0.5O/a

Sensory  score 6 8

Storability
8 days 13  daysWithout rotting

Rotten % alter  15  days 12% 2%

after 30 days 450/o 25O/o

The qualities of the conditioned leaves from both
the Baraj type were tested to be at par with those of
initial  qualities  of  the  leaves.  Table  2  shows  the
major components of the betel leaves from both the
bciroj types before and after conditioning. Examining
the changes in nutritional components that occurred
in both types of leaves it is Inferred  that the rate of
change  in  both  the  cases  are  almost  the  same.
Therefore  the  changes  appeared  to  be  due  to  the
conditioning process.  Barcij type  (soil type)  does not

have  any  impact  on  the  nutritional  components  of
the  leaves.

CONCLUSION

The  process of conditioning of betel  leaves  not
only enhances the  taste (for a particular group)  but
also extends the storage life of the leaves.  Moreover,
the cost of such conditioned  leaves is  much  higher
than  the  general  unprocessed  ones,  which  earns
more profits to the growers. The present paper infers
exclusively  that   baJt  bciraj  leaves  have  better
conditioning  characteristics  with  less  damaged
leaves  whlch  requires  less  number  of  charges  for
the  process.  There  was  virtually  no  change  in
moisture, protein,  carbohydrate, Vit-C and calcium
content  during  the  process  which  indicates  that
these   are  independent  of  the   I)arc/  type.   The
chlorophyll,  essential  oil,  tannin  and  fibre  content
of the conditioned leaves were remarkably lower than
those of green leaves from both soil types which was
due to  the  conditioning process.

Table 2. Effect of corLditioning and bara`] type on
quality parameters of the leaves

Quality Matt baraj Bah bara)

parameter leaves leaves

Fresh Conditioncd Fresh Conditioned

Moisturecontent%Protein% 85.58 84.15 85.80 84.82

2.40 2.48 2.42 2.54

Fat% 0.80 0.50 0.85 0.40

Carbohydrate o/o 5.80 5.50 5.65 4.46

Fibre % 2.30 1.40 2.10 1.20

Chiorophyll 72.55 6.30 75.46 4.50

(mg/ loos)Vit-C(mg/ 100g)
80 85 80 86

Tannin(mg/100g)Calcium(mg/loos)Essentialoil(mg/loos) 700 300 750 250

350 350 355 348

280 60 290 88
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are  located  beneath  coastal  regions.  Despite  good  endowments,  the  productivity  growth  rate  in  various
economic sectors in coastal areas is poor considering the huge resource  potential   Moreover, these regions
serve  diverse   human   needs  for  food,   energy,   transport,   and   recreation,   and   provide  sites  for  urban
development,  industry,  agriculture,  forestry,  fisheries,  and  trade.

Coastal resources exist in environments comprising complex dynamic geo-morphological and ecological
systems  that  are  extremely  sensitive  to  misuse  by  man   The  use  and  management  of  such  resources
must be  based  on  scientific  knowledge of the  Interacting  features and  processes characteristic of coastal
areas    There  is  wldespread  evidence  of  damage  and  impoverishment  of  coastal  resources  where  this
knowledge is unavailable,  or has not been applied to the solution of coastal problems    The recent devastating
Tsunam/  of  Indian  Ocean  already  warned  all  concerned  for  Immediate  attention  of  the  problem,  which
inspite  of  Its  mammoth  devastation  ls  not  more  than  the  tip  of  the  gigantic  coastal  problem  Iceberg    The
coastal  system  might be  heading  for more devastation  if appropriate  precautions  are  not taken  right  now
Except  a  few  exceptionally  developed  countries,  the  situation  is,  in  general  critical  throughout  the  globe
because  of  i)  the  urgent  demand  for social,  economic,  and  technological  development,  ii)  the  paucity  of
knowledge  applicable  to  the  needs  of  the  nations;   lil)  the  great  complexity  of  tropical  and  sub-tropical
coastal  systems,  and  iv)  the  lack  of capital  resources  and  trained  manpower to  solve  these  problems

ln   such   precarlous   situation   of  the   coasts  almost  all  over  the   Globe,   the   need   of  the   hour  is  to
concentrate,   share  experiences  and  shoulder  responsibilities  to  preserve  the  very  vital  but  fascinating
ecological system of our mother Earth.  Hence, The Indian Society of Coastal Agricultural Research,  Carming
Town,  South  24  Parganas,  West  Bengal,  India,  proposes  an  International  Symposium  on  `Management
of coastal ecosystem: Technological advancement and livelihood security' to be held during October
27-30,  2007  at  Science  City,  Kolkata,  West  Bengal,  India  encompassing  the  following  topics

Symposium topics
•       Sub-theme  -  I  :  Sustainable  development  of  coastal  areas  through  agriculture  and  allied

activities  -crop  husbandry  in  agri-horti  production  system  including  water  management  and  crop

protection,  fisheries,  animal  husbandry,  conservation,  restoration  and  management  of  coastal  soil
resources  and  technology  transfer  with   special   emphasis   on   socio+economic   matrix  for   poverty
alleviation

•       Sub-theme -ll : Wetland management, mangroves and agro-forestry -coastal wetlands, mangrove
forests,  coastal dunes,  estuaries,  deltas and lagoons;  coastal degradation,  rehabilitation of damaged
ecosystems;  monitoring  of coastal environment, water quality management, water pollution,  sediment

pollution,  land  based  sources  of  pollution,  toxic  organisms  and  harmful  algal  blooms,  bio-Indicators
of  pollution  and  monitoring,  pollution  control,  waste  water treatment,  reuse  and  recycling,  hazardous
and  s6lid  waste  management,  transboundary  pollution  Issues.

Sub-theme  -111  :  Coastal  disaster  management  for  improved  livelihood  security-Nature  and
extent  of  natural  disaster.   underlined   meteorological  and  seismic  factors,   modelling  approach  for
their  predictions  and  post-disaster  Immediate  and  long  term  sustainable  measures.

Sub-theme -lv : Oceanography, coastal energy and information technology -coastal and marine
ecosystems,  marine  microbiology,  protection  of  marine  and  coastal  habitats,  problem  of  exotic  and
Invasive  marine  species,  coastal  management  tools  and  instruments,  coastal  englneering,  coastal
hydrodynamics  &  non-conventional  energy  use,  communications  and  data  network,  use  of  remote
sensing  technology  and  geographic  Information  systems  and  cc]mputer  cartography  in  coastal  zone
management.

Sub-theme -V :  lpR,  Coastal policy -integration of science and  policy issues,  legal,  economic and
social  issues,  economic  instruments,  restoration  of  livelihood,  international  aspects



The obj.ectives of the International Symposium
•        Toprovidea  platform  todlscussimportantand  urgentcoastalissueson  advances  in  newtechnology,

programmes,   strategies,   policies   and   research   as  well   as  development  initiatives  for   Improved
agrlculture  &  allled  actlvltles.

•        To  address   Issues   on   socio-economic  condition   of  the   Inhabitants   in   coastal   areas  and   poverty
alleviation

•        To  address  issues  on   nature  &  extent  of  natural  disaster  and  the  factors  affecting  it,  and  suggest
remedial  measures

•        To  bring  togetherall  key-stakeholders  including  scientists,  industry,  NGOs,  corporate  houses  and  the

publlc  to  promote  new  partnerships  for  the  sustainable  development  by  conserving  biodlverslty  and
maintaining ecological  balance of the  coastal  regions  of the world

Target Participants
The  International  Symposium  alms  to  attract  diverse  participants  from  scientiflc  communlty,  Industry,

government,   NGOs,   developers,   engineers,  coastal  interest  groups,   planners,   coastal  managers  and
decision-makers from  different countries.

Dr   J   S   P  Yadav,  New  Delhl

Dr   A,  P.  Mitra,  New  Delhl

Dr.  M   V   Rao,  Secunderabad
Prof   P.  C.  Kesavan,  Tamll  Nadu

Dr.  S.  8.  Kadrekar,  Ratnagiri

Dr.  A   K.  Bandyopadhyay,  Kolkata
Dr.  N.  K   Tyagi,  New  Delhi

Dr.  I   V.  Subba  F{ao,  Secunderabad

Dr   D    K   Bagchi,  Kalyani

Dr  J   S   Samra,  New  Delhl
Dr.  S   Ayyappan,  New  Delhi

Prof   Swapan  K.  Dutta,  Kolkata

Prof.  H.   Uchimiya,  Japan

Prof.  H.  P   Moon,  S   Korea

Prof   Qifa  Zhang,  China

Advisory Committee
Prof   Hans  Bohnert,  USA

Dr   S   Edison,  Trivandrum

Dr.  M.  Baba,  Trivandrum

Dr.  A.K.  Singh,  New  Delhi

Dr.  Abdelbagi  lsmail,  Philippines

Dr   T.  J.  Flowers,  U.  K.

Dr.  Dhabaleswar  Konar,  Kolkata
Dr.  Gurbachan  Singh,  Karnal

Dr.  Hugh  Turral,  Sn  Lanka
Dr.  Jacob Verhoef,  Canada
Dr.  M.  A   Baqui,  Bangladesh

Dr.  M.  Nurul  Alam,  Bangladesh

Dr,  M.  P   Pandey,  Cuttack

Dr.  R.  C    Srivastava,  Port  Blair

Dr.  Pranabesh  Sanyal,  Kolkata

Organizer
Dr.  H.S. Sen,  Organizing  Secretary,  lntemational Symposium on  Management of coastal ecosystem  :
Technological advancement and  livelihood security.

Address of the Office of the Organising Secretary
Director
Central  Research  Institute  for Jute  and  AIlied  Fibres  (lcAR)
Barrackpore,  Kolkata,  West  Bengal,  Pin -700120,  India
Phone:  +91-33-2535-6124  (Office),  +91-33-2481-2936  and  +91-33L2411-2381   (Residence)
+91-98312  75463  (Mobile)  Fax:  +91-33-2535-0415

Email:  crliaf®wb  nlc  in  ,  senhs@cri.iaf.org  ,  hssen@dataone.in

Address of the Office of Indian Society of Coastal Agricultural  Research
Dr.  8.  K.  Bandyopadhyay,  Joint Secretary,  Indian  Society of Coastal Agricultural  Research
Central  Soil  Salinity  Research  Institute,  Regional  Research  Station  (lcAR)
Cannlng  Town,  South  24  Parganas,  West  Bengal,  Pin  -743  329,  India

Phone:  +91-3218-2.55241,  +91-3218-255085  ,  +91-9433249519  (Mobile)
Fax:  +91-3218-255084,  Email:  iscarc@amail  com  ,  iscar svmoosium@cimall.com  ,  iscar@rediffmail com
Web:  www.iscar.or



Organizing Committee

Chairman
Dr   A.K   Bandyopadhyay
Ex-Director,  CARl,  Port  BIair
&

Vice  President,  lscAR

Organizing  Secretary
Dr.  H.S   Sen
Dlrector,  CRIJAF

Treasurer
Mr   S.K.  Dutt

Prlncipal  Scientist,  RRS
CSSRl,  Canning  Town

Members
Dr   K  K   Vaas,  Barrackpore
Prof.  S.K.  Sanyal,  Kalyanl
Prof   Swapan  K.  Dutta,  Kolkata

Members
Dr   B.K   Bandyopadhyay,  Canning  Town
Dr   Dipak  Sarkar,  Kolkata
Dr.  S.K.  Das,  Kolkata
Dr.  Kunal  Ghosh,  Kolkata
Dr   Buddheswar  Maji,  Barrackpore
Dr.  S.K.  Rudra,  Kolkata

Dr.  A.B.  Mandal,  Canning  Town
Dr.  A  K   Jana,  Barrackpore
Dr.  A  R.  Bal,  Canning  Town
Dr.  D.C.  Nayak,  Kolkata
Dr.  K  D.  Shah,  Kolkata

Dr.  Krishnendu  Das,  Kolkata
Dr.  Dhiman  Burman,  Canning  Town
Dr   Sitangshu  Sarkar,  Barrackpore
Dr.  Sunitl  Kumar Jha,  Barrackpore
Dr.  Subrata  Ghosal  Chowdhury,  Port  Blair

and any clarifications of gcnera] nature

qucriesmaybesenttothcOfficeoflndianSocietyofCoastalAgriculturalRcsearchmentionedabove.
papers, accommodation, (ourNO'l.I`:: Regarding symposium

to the Conveners for the respective sub-topics.Papers may also be sent

Location at a glance
Kolkata  (earlier  known  as  Calcutta)  is  the  cosmopolitan  Capital  City  of the  State  of West  Bengal  in  lndia,
sltuated  at  Latltude 22°  33'  N,  Longitude 88° 20'  E,  Altitude  518  in above  mean  sea  level,  Distance  from
see   96  56   kin  from   Bay  of  Bengal,   International  Time   (+5   1/2)   hours   from   GMT   Temperature  Winter

(November -March,12  -270  C),  Summer (Aprll  -October,  24  -38°  C),  Average  Ralnfall  1600  mm,  Total
Population  15  97  mlllion  (2001),  Language  spoken  Bengali,  Hindl,  Urdu  and  Engish

Presentation of papers
The  papers  of the  symposium  will  be  presented  through  oral  and  poster  presentation.  Oral  presentation
will  be  restricted  to  Invited  papers  only.  For  oral  papers,  the  invited  authors  are  requested  to  follow  MS
Power Point  (MS  Office XP  or higher version  compatible)  slides  presentation  wlth  minimum  animation  and
authors  are  also  requested  to  note  that  no  `Slide   Proiector'  or  .Over  Head   Projector'  wlll  be  provided
Presentation wlll be  made only through  LCD projectors.  For poster presentatlons authors are requested to

prepare their posters  in  such  a way that can  be  dlsplayed  wlthln  a  poster board  area of  100  cm  x  100 cm
The font size and  style  used  in  the  posters  should  be such  as to  be viewed  at least from  a  distance  of  100
cm   Title  of the  paper,  name  of the  author  (s)  along  with  the  affiliation  with  full  address  and  E-Mall  should

be  placed  at the top/  beginning  of the  body of the paper   Papers accepted  for  presentatlon  are  likely to  be

published  as  `Extended  Summary'  In  the  form  of  proceedlngs  or  as  speclal  Issue  of  the  journal  of  the
Soclety    For  pre-seminar  publication   an   tAbstract'   not  exceedlng  400  words  should   invariably  be   sent
along with  Extended  Summary

Extended Summaries
Extended  summaries  of  papers  are  required  for  all  Invited  oral  and   poster  presentations    lt  should   be
limited  to  4  double  space  typed  A4  size  papers  typed  in   12  polnt  (New  Times  Roman)  font  with   1   Inch

(25  mm)  marglns  all  around  Inclusive  of  tables/flgures  and  very  selected  references   The  tltle  should  be
followed  by the names of the author(s) with the  name of the person  presenting  underlined .with  their affiliation



List of the Conveners and the Sub-topics of the Symposium*
Name and  email address of the Convener Sub-topics

Prof. Saroj  Kumar Sanyal ® Water   pollution,   sediment   pollution,   land
Director of  Research based  sources  of  pollution,  toxic  organisms
Bidhan  Chandra  Krishi  Viswavidyalaya and   harmful   algal   blooms,   bio-indicators  of
PO    Kalyani  -741235,   Dist    Nadia,  WB,  lndia pollution   and   monitoring,   pollution   control,
Mobile  .  +91-9830247072 waste water treatment,  reuse  and  recycling,
Email:  sarojsanyal@yahoo.com, hazardous  and  solid  waste  management,

sarojsanyal@hotmail  com transboundary  pollution  issues

Prof. Amar Som Choudhury New frontiers of crop protection for lmproving
Professor,  Department of Entomology productivity   in   the   field   of  agriculture   and
Bidhan  Chandra  Krishi  Viswavidyalaya horticulture
PO:  Krishi  Viswavidyalaya  -741  252,  Dist    Nadia
West  Bengal,  India,  Mobile.  +91-9433178577
Email.  somamarklv®rediffmail.com

Prof,  Biswapati  Mandal Soil  inventorization
Professor,  Department  of Soil  Science, ® Conservation and management of coastal soil
Bidhan  Chandra  Krishi  Viswavidyalaya and other resources
Pot  Kalyani  -741235,  Dist   Nadia,  WB,  India ® Soil  microbiology

Mobile   +91-9433533598 ® Soil  ecology

Email'  mandalbiswaDati@_rediffmail  com

Prof.  Rati  Kanta Gliosh ® Crop   husbandry  in   agricultural   production
Professor,  Department  of Agronomy system
Bidhan  Chandra  Krishi  Viswavidya!aya ® Crop  improvement/plant breeding  in
PO.   Krishi  Vlswavidyalaya  -741252,   Dlst:   Nadia agricultural  crops
West  Bengal,  India,  Mobile   +91-9433145340
Email`  rkgbckv@rediffmail.com,

rkgbckv@yahoo  com

Prof.  Pranab Hazra Crop   husbandry  in   horticultural   production
Professor,  Department of Vegetables system
Faculty  of  Horticulture ® Crop   improvement/breeding   in   horticultural
Bidhan  Chandra  Krishi  Viswavidyalaya Crops
PO.  Krishi  Viswavidyalaya  -741   252,  Dist:   Nadia
West  Bengal,  India,  Mobile`  +91-9433259721
Email   hazrap@rediffmail  com

Prof. Atanu  Sarkar ® Transfer of technology and  human  resource
Director  of  Extension  Education development for efficient coastal  zone
Faculty  of  Horticulture management
Uttar  Banga  Krishi  Viswavidyalaya
PO:   Pundlbari,   Pln   -736165,   Dist:   Coochbehar
West  Bengal,  India,  Mobile   +91  -9434686364
Email.  dee_ubkv@yahoo  com

Prof.  Abhijit  Saha Nature   and   extent   of   natural   disaster
Associate  Professor underlined   meteorologlcal   and   seismic
Department of Agro-meteorology factors,    modeHing    approach    for    their
Bidhan  Chandra  Krishi  Viswavidyalaya predictions  and  post-disaster immediate and
PO   Kalyani  -741235,  Dist,  Nadia,  West Bengal, long  term  sustainable  measures
Inciia  Moblle'  +91 -9433317027

Email.  asaha_bckv@yahoo  co  in.



Dr.  K.K.  Vass ® Coastal      aquaculture      and      enhancing
Director productivity  through  an  Integrated  approach
Central  Inland  Fisheries  Research  Institute, ® Environmental Issues and disease managementincoastalaquaculturesystem
Barrackpore -700120,  West  Bengal,  India
Mobile  ,  +91-94330-30339 ® Livelihood   &   socio-economic  upliftment  ofcoastalfishenes
Email   kuldeepvaas@redlffmail.com

® Mechanization  and  value  addition  for  coastal
fisheries

® Biodiversity conservation  and  genetic
improvement

® Participatory  approach  in  coastal  productivity
management

Dr. Asis Bhattacharya ® Application   of   remote  sensing   and   GIS   for
Former Mission  Director,  Department of Space agriculture  and  allled  activities
At present,  Emeritus  Scientist,  Presidency College ® Communications and  data  networking  for
College Street,  Kolkata   -700  009,  India efficient coastal  zone  management
Mobile,  +91 -9433010382
Email:  asisbh@yahoo.co,in

Dr. Sugata  Hazra ® Coastal  and  marine  ecosystem,  Marine
Director,  School  of Oceanographic  Studies microbiology
Jadavpur  University,  Kolkata  -700  032,  India ® Protection  of coastal  and  marine  habitats
Phone.  +91-33-24146628/24146242 ® Problem of exotic and Invasive marine species
Email.  sugata_hazra@yahoo.com ® Coastal zone management and tools
And
Dr.  Pranabes Sanyal
Ex Additional  Principal Chief Conservator of Forests
57  D,  Puma  Das  Road,  Kolkata  -700  029,  India
Mobile   +91-9433355760
Email:  pranabes@hotmail  com

Dr. R.  Kalpana Sastry 0 IPR  -integratron  of science and  policy  issues
Principal  Scientist,  Agricultural  Research ® Legal,  economlc  and  social  issues
Systems  Management and  Policies  Division ® Economic  instruments
National Academy of Agricultural  Research ® Restoration  of livelihood
Management,  Hyderabad -500 030 ® International aspects
Contact Address
204\  Arun  Apartments,  Red  Hills
Hyderabad -500 008,  India
Phone:  +91-40-24581304 (0)
Mobile:  +91 -9848867225
Email.  kalpana@naarm  ernet,ln

Authors  are  requested  to  send  the  papers to  the  Conveners  or seek  clarification  lf any with  the  Conveners
for the  respectlve  sub-topics.  They  may  also  send  the  papers  to  the  Soclety's  office.

Registration fee
The following  registration fees can  be paid ether in cash or through a  Bank  Draft payable on  Kolkata (Calcutta)
drawn  in  favour of  `lndian  Society  Of Coastal  Agricultural  Research'.  The  Registration  Form  duly filled  in
and  signed  along  with  the  Bank  Draft  should  be  sent  to  Mr   S  K    Dutt,  Treasurer,   lndlan  SoChety  of  Coastal
Agrroultura! Research,  Central Soil Salinity Research  lnstitute  Regional Research  Statron,  Canning Town,  South
24   Parganas,   West  Bengal,   India,   PIN   -743   329,   FAX.   +91-3218-255084,   Mobile    +91-9831189282,
E-Mall    iscarc®amail com   ,   isca`rsvmcosium@amail  com   ,   sanatdutt®cimail.com,   iscar@rediffmail  com
Cancellation of registration  at  no stage  rs  permltted  and therefore  registratien  fees wlll not be refunded  in any
case   Registrations including  payment of registration  charges can  be made  by normal  mode of payment   The
Registration form  and the  papers  may also  be submitted  online.



Category Withou(15thJ t  late feeuly2007) With  late fee

SAARC International SAARC International

Countries Delegates Countries Delegates

ParticipantsStudents/Researcr`  ScholarAccompanyingperson Rs.  3000 200  uS S Rs'  4000 250  US  S

Rs   1000 100  US  S Rs.1500 150  US  S

Rs.1000 100  US S Rs.1000 100  uS  S

General Information

Language
The language of the Symposium  wlH  be  Engllsh   No  interpretatlon  or translation  servlce can  be  provided

Visas
All  foreign  delegates  should  possess  a  valid  passport and  a  visa  for  India

Health Requirement
A vaccination  certiflcate against yellow fever is  required for delegates arrlvlng  from  or travelllng through

endemic areas  `in  Africa  and  South  America

CIJIstoms
On  arrival  in  India,  please  complete  customs  regulations formal`It.ies.  Airports  operate the  conventional

green  and  red  channels   Valuable  articles  such  as  videos  and  cameras  may  be  brought  in  sub|ect to  re-
export  and  should  be  declared  to  the  custom  authorities.  Duty  free  shopping  is  available  on  arrival  and
departure at the  lnternational Airport

Currency
There  is   no  restrictton   on   the   Import  of  foreign  currency   Into   India    You   may  please  transform   or

exchange  some of your  currency  Into  Indian  rupee  at authorized  money changers  or banks.

Airport Tax
Rs    500/-  is  payable  at  the  time  of  International  departure  for  all   countrles  except  Afghanistan,

Bangladesh,  Maldives,  Myanmar,  Nepal,  Pakistan  and  Sri  Lanka  in  which  case  the  tax  is  Rs.150.

Voltage
The  electricity  line  voltage  is  220 volt AC wlth  50  Hz frequency

Medical  Aid
Emergency medical  aid wiH  be  available  at the  Symposium  venue.

in  o   an     ea    inesP®

Symposlum  durationSubmissionofExtended  summary  & AbstractSubmissionofextendedsummary(InvitedLead  Paper only)RegistrationwlthoutlatefeeIntimationforaccommodationIntimationforpostsymposiumtour 27-30, October 2007  (4 days)

®
15 July 2007

®
16 August 2007

®
16 August 2007

®
30 August 2007

®
30 August 2007



NOMINATloNS FOR THE AWARD OF  FELLOWS

Nominations are invited for the award of `Fellow of Indian Society

of Coastal Agricultural Research' for the year 2007-08.  Four scientists

will be awarded the fellow of the society from among the nominations

received.

The  nominated  scientist  should  either  be  a   life  member  of  the

society  or  annual  member  for  the  last  10  years.  Nominations  in  the

prescribed proforma (printed overleaf) must be proposed and seconded
by a  member of the society.  Nominations must reach the office of the

society  latest  by 15-08-2007.  All nominations  must  be  accompanied

by a bio-data of the nominated member and also a brief outline of his/

her contributions to the development of agriculture in the coastal areas.

As per existing rules,  all  nominations  received within the due date

will  be  scrutinized  by a  selection  committee headed  by the president

of the society and the award will be conferred on the selected member

at the  International  Seminar of the Society to  be  held  at  Kolkata  from

27-30  October,  2007.



NOM[tlAT]ON  FORM  FOR THE AWARD  OF'
``FI=III.OW"  FOR  2007

To:
The  Secretary,  I.S.C.A.R.
CSSRI,  RRS-Canning
P.O.  Canning Town-743329,
Dist.  South 24-Parganas, WEST BENGAL

Sub  :  Nomination for fellow of ISCAR for 2007

Dear Sir,

I do hereby nominate

Dr. / Shri

Designation

Membership No

for the award of Tellow' of Indian Society of Coastal Agril.  Research for 2007

+frocosedbv:

Dr./Shri

Designation

Address

Membership No

Seconded bv  :

Dr./Shri

Designation

Address

Membership  No

I  do hereby agree to the  above  proposal.

(Signature of Proposer)

(Signature of Seconder)

(Signature of nominee)

N.B: All proposals must be accompanied by the bio-data of the
to the  development of agriculture  in the coastal areas.

nominee and his/her contributions



Tlel  :  03218-255085,  255241 Fax  :  03218-255084 e-mail  :  iscar@rediffmail.com

INDIAN SOCIETY 0F COASTAL AGRICULTURAL RESEARCH
CENTRAL SOIL SALINITY  RESEARCH  INSTITUTE,  REGIONAL  RESEARCH  StATION

P.O.  Canning Town  (743329),  South 24  Parganas,  West  Bengal  (India)

MEMBERSHIP APPLICATION  FORM

To
The Secretary.
Indian  Society of Coastal Agricultural  Research
CSSRl,  Regional  Research  Station,
P.O.  Canning Town,  South  24  Parganas,  West  Bengal  (lndia)

Dear Sir,

I am sending  herewith  the sum of Rupees

)  by cash/M.0./B.D.  No Dated......

being  my  subscription  as  a  life/annual  member  from  this  year.  Please  enroll  me  as  a  member  of the
society.

Kindly acknowledge  the  receipt.

Yours  faithfully,

Date.....

Please fill  up the  Form  in  BLOCK  LETTERS

Name  in  full  :  Dr./Shri/Smt.

Designation  :

Subject of specialization  :

Address for communication  :

Permanent Address  ;

Telephone  :

Fax:

e-mail  :

Subscription Rates
Individual Annual Members  :

Admission  fee Rs.  30/-

Signature

Annual  subscription                 Rs.120/-

Individual Life lvlembers          Rs   1,200/-(payable at a time or up to 6 installments within one year)

Institutions & Libraries
Annual  Members                       Rs.  800/-per year
Life  Members                              Rs.  8,000/-at a  time

Note  :  Subscription  should  be  sent  by  cash/in.o./bank  draft  addressed  to  The  Secretary.  Bank  Drafts
should be drawn on the S.B.I. , Canning Branch in favour of "Indian Society of Coastal Agricultural Research".
Cheques will  not be accepted.
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