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Effect of Integrated Application of Nutrients on Soil
Microbiological Properties and Yield of  Crops on

Coastal Saline Soil of West Bengal
SUDIPTA  TRIPATHlt*,   8.  K.   BANDYOPADHYAY,  ASHIS  CHAKRABORTY2  and

KALYAN  CHAKRABARTll

Central  Soil  Salinity  Research  Institute,  Regional  Research  Station
Canning  Town,  Pin  -743  329,  West  Bengal

ln  fiold  oxperimont  on  coastal  saline  soil  of West  Bengal  the  effect  of  combined  (integrated)
application  of  oi.ganics  (difteront  organic  nutrient  sources)  and   inorganic  fertilizer  (urea  @
100Kg  N  ha-I)  on  soil  microbiological  and  physlco-chemical  properties  as  well  as  on  the  yields
of crops wei.a studied under rice-chilli cropping system. The different organlcs (organic sources)
were well-decomposed  cow dung  manure,  sosban/a and  city  compost.  The  integrated  nutrient
application  resulted  in  maintaining  higher  organic  col.bon,  total  nitrogen,  microbial  biomass
carbon  (MBC),  mlcrobial  activities  and  the  enzymo  activities  of  the  soils  than  uroa  applied
singly.  Tlie  oi.ganics  behaved  variably  in  this  respect.  Among  the  organics,  cow  dung  manure
was  most  efficient.  Soil  salinity  build  up  and  soil  moisture  content  reduced  dui.ing  summer
months  had a detrimental  effect on soil  microbial  parameters. The  plots treated with integrated
null.ient inputs produced higher yield of rice and chilli than that of ur®a alone. Cow dung manure
was  also the  best organic  source  jn  terms  of yield  manifestration.

(Keywords: Coastal saline sad, Soil qualitg, Mierobidl btomass, Soil resprration, Soft enzyme actiuttie s,
Crop yields,  Integrated plarLt r[utnent managemen.)

In  India,  out  of  an  estimated  area  of  187.7
million  hectares  of  degraded  land,   3.1   million
hectares  (Yadav  ef cil.,  1983)  are  salt  affected.  The
state  of  West  Bengal  has  the  largest  area  (0.82
million  hectares)  of coastal  salt  affected  soils.  The
salinity  of soils  shows  wide  spatial  and  seasonal
variability   (Bandyopadhyay   ef  aJ.,   2001).   The

productivity  of coastal  salt  affected  soils,  is  very
poor,  primarily,  because  of  constraints  like  soil
salinity,  drainage  congestion,  lack  of  irrigation
water,    climatic    adversities.    Besides,    poor
maintenance of soil health and fertilization practices
followed by farmers' application  of urea alone with
no  application  of organic  manures.  It  is  now  well
established   that  continuous   use   of  chemical
fertilizers  has  adverse  effect  on   soil  health  (Lal,
1998)  and  integrated  plant  nutrient  management
system  (IPNS)  is  one  of  the  best  alternatives  for
maintenance  of  soil  productivity  (Swarup   .ef  a!.,
2000) . The use of organic sources of nutrients along
with  chemical  fertilizers  has  been  found  to  have

positive effect on soil physical,  chemical,  microbial
and biochemical properties (Bulluck Ill  et aJ., 2002).

The present study reports the effect of chemical
fet.tilizer  (urea)  alone  and  integration  of  various
organic  sources  of  nutrients  on  microbiological,
biochemical  and  physico-chemical  properties  of
coastal saline soil as well as on yield of crops.

MATERIALS  AND  METHODS

Field study was conducted for 2 years at CSSRI,
RRS,  Canning Town, West Bengal,  India  (88°40'E,
22°15' N) with rice-chilli cropping system.  Ric`e and
chilli  were  grown  in  the  monsoon  and  summer
season,  respectively.  In  the  field  experiment  there
were five treatments with four replications in fixed

plots  (8  x  5  m2),   laid  out  in  a  factorial  design.
Treatments comprised of:  Control - C (without any
inputs), Urea -U  (loo kg N ha-I),  Sesban{a acu!eate

(5  t  ha-I)  +U  (GM  +  U),  well  decomposed  cow  dung
manure  (5  t  ha-I)  +  U  (CDM+U),  City  Compost  (5  t
ha-I)  +U  (CC+U).  The  organics  (organic  sources  of
nutrients)   were   applied   7   days   prior  to   rice
transplantation.  The  percent carbon  and  nitrogen
contents  of  the  organics  were:  Sesbania  (51   and
2.15),  CDM  (29.2  and  1.29)  and CC  (22.8 and 0.88).

*Corresponding author:  E-mail:  sudipta_t@yahoo.com
[Depatrment  of Agricultural  Chemistry  and  Soil  Science,  Institute  or Agricultural  Science,  University  of  Calcutta,
35  Ballygunge  Circular  Road,  Kolkata,  India -700019.

2Department of Agronomy,  Bidhan  Chandra Krishi Viswavidyalaya, West Bengal,  India -741252.
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Urea, either alone or with the organics, was applied
in  three  equal  splits  to  both  rice  and  chilli.  Rice

( Orgzci scitt'L/ci i,  IBT 5656) was transplanted in July
and harvested in December. Chilli (Capsi.ctJm annum
i,  cv.  Suryamukhi)  was  transplanted  in  February
and grown upto May. No organics but urea only was
applied  to  chilli  to  study  the residual  effect  of the
organics.

Surface soil samples  (0-20 cm) were collected at
the  harvest  of rice  (December)  and  chilli  (May)  and
were analyzed for microbiological, biochemical (in field
moist sample) and physico-chemical properties of soil

(air-dried samples) following standard methods.

The soil MBC was determined by the fumigation
extraction  method  using  a  correction  factor  (Kec)
0.38 (VaLnce et aJ.,1987). The basal soil respiration

(BSR)  and  the  fluorescein  diacetate  hydrolyzing
activities  of soil  (FDHA)  were  measured  according
to  Alef (1995)  and  Schndrer  and  Rosswall  (1982),
respectively.  Urease  as  well  as  acid  and  alkaline

phosphatase  activities  of  soils  was  measured
according to Tabatabai ( 1994).  Regression between
soil microbiological and biochemical properties and
the  yield  of  rice  and  chilli  was  fitted  into  linear,

power, quadratic and exponential functions and the
best fits are represented graphically. Correlation was
determined  on  the  basis  of  the  Pearson  product
moment  correlation  coefficient  with  the  help  of
Microsoft Excel software. Two years data on the yield
of  rice   (grain)   and  chilli   (green  chilli),   and   soil

properties were subjected to Bartlett's Homogeneity
Test  by  the  IRRISTAT  package  developed  by  the
Biometric Unit, International Rice Research Institute,
The Philippines. The texture of the soil was silty clay
with 7.5 % sand, 40.5 % silt and 52 % clay.

RESULTS  AND  DISCUSSION

The  data  on  soil  properties  for  the  two  years
were  pooled  together  for  statistical  analysis  and
presented in Table  1.  The pH and  salinity (Ece)  of
soil did  not show any significant difference due to
the  treatments.   Soil  pH  also  did  not  show  any
significant  effect  of  the  crops  grown.  However,  a
significant  difference  in  Ece  of soil  was  observed
between  the  crops,  the  difference  might be  due  to
the  effect  of seasons  rather  than  the  crops,  since
the  salinity  of  these  soils  vary  seasonally  being
maximum in dry season and minimum in wet season
(Bandyopadhyay  et aJ.,  2001).  The  organic  carbon
content  of  soils  varied  significantly  among  the
treatments  and  between  the  crops.  The  highest
organic  carbon  content  of soils  was  found  in  the

CDM+U treatment (8.9 g kg-1) and the lowest in the
control  treatment  (7.3  g  kg-I).  Increase  in  organic
carbon  content  of soil  due  to  addition  of organics
as  observed  in  the  present  experiment,  was  also
earlier reported by Karki et a!. (2005). The treatment
U  also  recorded  higher  organic  carbon  content  of
soil tha.n the control treatment, which might be due
to  better crop growth  and resultant more addition
of plant biomass in  the form of roots and  stubbles
to soil. The soil after rice harvest registered  higher
organic carbon  (8.2  g kg-I)  content than after chilli
harvest (8.0 g kg-1).  Significant difference in total N
content of soils  was  observed  among  the  different
treatments.  The  highest  and  the  lowest  total  N
Status were  detected  in  CDM+U  treatment  (0.88  g
kg-I)  and  C  (0.72  g  kg-I)  respectively.  Between  the
two crops,  total  N content of soil after rice harvest
was signiricantly higher (0.83 g kg-I) than that after
chilli  harvest  (0.79  g  kg-I).  Among  the  treatments
the CDM+U recorded the highest value of available
P content (20.9 kg ha-I) and the lowest was observed
in the control  ( 11.3 kg ha-I). The soils after the rice
harvest (16.6 Kg ha-I) recorded significantly higher
available P than after harvest of chilli crop (15.7 Kg
ha-1).   The   available   K   status   of  soil   was   not
significantly influenced by the treatments in the two
years of study (Table  1).

Pooled  analysis  of data  showed  that  the  MBC
of soils  (Table  1)  was  lowest  in  C  treatment  (203)
while  the  highest  was  in  CDM+U  (381).  Crop wise,
the MBC of soils after rice harvest (307) was higher
than after chilli harvest (281).  Application of urea,
alone also increased soil MBC, in comparison to the
control.  Combined  application  of  urea  and  the
organics,  possibly,  provided  a  balanced  supply  of
nutrients  and   the   carbon  for  microbial  cell
proliferation,  which  was  reflected  in  higher  MBC
recorded in this study as also reported by Ghoshal
and  Singh  (1995).  It  was  found  that  there  were
differences  in  the  levels  of soil  microbial  biomass
due to application of various organics which might
be due  to their different content of organic carbon
(Jenkinson  and  Ladd,  1981)  and  their differential
decomposition  (Schntirer  e{ aJ.,  1985).  The  higher
MBC of soil after rice harvest than after chilli harvest
seemed  to  be  related   to  the  level  of  soil  organic
carbon  and  salinity  after  each  crop  harvest.  The
rr.irrobial biomass carbon as percentage of organic
carbon  [Ratio  index  value  (RIV)I   (Table   1)  varied
significantly among the treatments with the highest
value  observed  in  the  CDM+U  treatment  and  the
lowest in the C treatment. The RIV of soil after rice
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Table  1. Soul properties and yteld of rtce and chilh (rr.eon of tu)o years) at ucirious treatmerds

Soil  properties/Yield Treatments Crops Initialvalue
C U GM+U CDM+U CC+U LSD* Rice Chilli LSD*

pH  (I,2.5) 6.34 6.36 6.40 6.42 6.53 NS 6.35 6.39 NS 6.4
Ece  (dsm'1) 5.9 5.8 5.9 5.9 5.9 NS 4.3 7.5 0.11 3.8
Organic  carbon  (g  kg-i) 7.3 7.6 8.2 8.9 8.5 0.08 8.2 8.0 0.05 7.4
Total  Nitrogen  (g  kg-I) 0.72 0.74 0.83 0.88 0.87 0.01 0.83 0.79 0.01 0.72
Available  P  (kg  ha-I) 11.3 12.1 17.8 20.9 19.0 0.14 16.6 15.7 0.14 12.4

Available  K  (kg  ha-I) 472 469 468 471 474 NS 458 483 3.3 470
Microbial  biomass  C("gg-Isoil) 203 222 313 381 351 5.08 307 281 3.21

MicrobLal  biomass  C/organicC`(%)RatioIndexValue(RIV) 2.79 2.93 3.83 4.22 4.11 0.20 3.68 3.47 0.28

Basal  soil  respiration(wgC02-Cg-1soilh-'at25oC)Ureascactivity(wgureahydrolyzedg-Isoilh-Iat37°C)Acidphosphataseactivity(wgpnpg-Isoilh-Iat37°C)Alkalinepho§phataseactivity(wgpnpg'1Soilh-1at37°C)FDHA#("gfluoresceing-Isoilh-Iat24°C) 1.313529923353 I.6956.539426087 2.4678463341113 2.9895560387136 2,7886516370120 0.056.249.88.83.5 2.3174457344108 2.176143529295 0.033.956.25.62.2

Rice  Yield  (t  ha-1) I.87 2.80 2.99 3.42 3.21 0.21

Green  Chilli yield  (t ha-I) 0.85 1.22 1.34 1.47 I.40 0.03 -
* LSD  at 0,05P,   #  Fluorescein diacetate hydrolyzing activity.

harvest  was  significantly  higher  than  after  chilli
harvest,  with  mean  values  of  3.68%  and  3.47%
respectively. The  observed  RIV was well within  the
range  of 2-5 %  (Smith  and  Paul,  1990)  for normal
arable  soil but were lower than  those  (4.05-6.05%)
reported by 13atra and Manna (1997)  for the saline
soils in India.

The   basal   soil   respiration   (BSR)   indicates
activity of microbes  in  soil.  Among the  treatments
the CDM+U (2.98) showed the highest BSR and the
lowest was in  the  C  (i.31)  treatment.  The organics
application,  in  general,  showed  higher  BSR  value
than in treatments where no organics were applied.
The  soils  after  rice  (December)   harvest  show
higher BSR (2.31) than that after chilli (May) harvest

(2.17)  possibly  due  to  higher  soil  salinity and  less
soil  moisture.  Addition  of organic  supplements  to
soil, in general,  resulted about one and half to two
fold  increase  in  soil  respiration  in  comparison  to
the treatments without the organics. This indicated

that addition of organics to soil elevate the metabolic
status  of soil  microorganisms.  Significantly  lower
soil respiration after chilli harvest might be due to
detrimental innuence of rise in soil salinity and fall
in soil moisture content in dry season.

The  pooled  analysis  of  data  (Table  1)  on  the
activities  of  soil  enzymes  viz.,  urease,  acid  and
alkaline phosphatase and FDHA showed that there
was signiricant increase in soil enzyme activities due
to  application  of  organics.  The  enzyme  activities
were  more  in  samples  after  the  harvest  of  rice
(December)  compared  to those after the harvest of
chilli  (May)  due  to  more  salt  and  less  moisture
content of soil after the harvest of chilli. The urease
activity under different treatments could be ranked
as:  CDM+U  >  CC+U>  GM+U>  U  >C.  Urease  activity
of soils after rice harvest was higher than after c`hilli
harvest during the study period. Among the different
treatments,  the  CDM+U  (560)  recorded  the  highest
value of acid phosphatase and  the lowest value was
in the C  (299)  treatment. The soils after rice harvest
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recorded  significantly  higher  value  (457)  of  acid

phosphatase  than  after  chilli  harvest  (435).  Pooled
analysis  of  data  for  alkaline  phosphatase  activity
showed the highest and lowest value in CDM+U (387)
and  C  (233)  treatment,  respectively.  The  soils  after
rice harvest recorded significantly higher value (344)
of alkaline phosphatase compared to that after chilli
harvest (292) . Pooled analysis of data for the FDHA of
soils showed the highest value with the CDM+U ( 136)
treatment and the lowest in the C (53) treatment. The
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soils  after  rice  harvest  (108)  recorded  higher  FDHA
activity than the soils after chilli harvest (95).

The lower phosphatase and  FDHA in  soils after
chilli  harvest  could  be  explained  by  the  higher  soil
salinity and lower moisture content after chilli harvest
(May)   than   after  rice  harvest   (December).   This
observation demonstrated the detrimental effect of soil
salinity and reduced molsture content on phosphatase
activity and FDHA of soil (Tripathi et clL 2006, 2007) .
Present  study  demonstrated  that  the  Integration  of
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Fig.1.  Relationship  between  microbial and  biochemical  properties  of soil  and grain  yield  of rice  in  Integrated  nutrient management
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urea with organics promoted the enayme activities of
soils more efriciently than the application of urea alone.

The  treatments  receiving  the  combined  doses
of urea and organics registered higher yield of both
rice  and  chilli  and  CDM  +   U  was  most  efficient

(Table  1).  This  might  be  due  to  the  fact  that  with
combined   application   of  urea   and   organics
maintained a contlnuous slow release of N and also
reduced  loss  of  N  from  soil.  The  findings  are  in
agreement with  previous  reports  (Sankhyan  et a!„
2003  and  Singh  et cil.,  2005).

The  linear  regression  between  both  of  the
microbial  and  biochemical  properties  of  soil  and

yield  of crops  indicated  that  the  relationship  was
highly  significant  for  both  the  crops   (Fig   1).  The-`.

regression coefficient (R2) suggested that about 74%,
84%, 96%, 92%, 93%, 87% of the variations in grain

yield of rice could be explained by MBC, BSR, FDHA,
urease, acid phosphotase and alkaline phosphotase
respectively.  The trend was similar in case  of chilli
and   79%,   85%,   94%,   88%,   90%,   74%   of  the
variations in yields of green chilli could be explained
by MBC, BSR, FDHA, urease, acid phosphotase and
alkaline phosphotase respectively (figures for chilli
not  presented).  A  similar  observation  was  also
reported  by  Goyal  et c{!.  (1999).

The  study,  thus,   indicated  that  integrated
application  of  the  organics  and  urea  resulted  in
maintaining  higher  chemical,   microbiological,
biochemical parameters of soils and increased crop

yield.   Different  organics  behaved   differently,
possibly due to their differential decomposition rate,
organic  carbon  and  nutrient  contents.  Cow  dung
manure was found to be the most efficient. The soil

quality  parameters  decreased  after  chilli  harvest,
which might be related to sharp rise in soil salinity
and  loss of soil moisture.
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Effect of Integrated Nutrient Management on Soil Fertility and
Yield of Rain fed Rice in Coastal Region of
Ramanathapuram District in Tamil Nadu
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Dept   of Soil  Science  and Agricultural  Chemistry
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Two fiold experiments were conducted at Athiyoothu and Kadaladl,  Ramanathapuram district of
Tamil  Nadu  to  study  the  effect  of  integrated  nutrlont  management  on  soil  fortility  and  yield  of
rice ln coastal soil. The results rovoaled that the addition of recommondod dose of NPK fortillzers
plus  biocompost  along  with  azophos  and  gypsum  tavourably  increased  the  soil  OC  and  CEC,
maintained  a  neutral  pH  and  indicated  no  salinity  hazard  during  the  crop  period.  The  available
N  (125.1   kg  ha-1  and  133.4  kg  ha-1 ),  P  (10.68  kg  ha'1  and  11.18  kg  ha-1),  K  (131.8  kg  ha-1  and  133.6
kg  ha.1),  Zn  (0.34  ppm  and  0.36  ppm) and  Fo  (5.32  ppm  and  5.36  ppm)  and  microbial  population
(bacteria,   fungi  and   actinomycetos)   in  soil  wore  high   in  the  treatment  that  rocoiv®d   the
recommended  dose  of fertilizer  plus  azophos  @  2  kg  ha-1 with  gypsum  and  biocompost @  5  I
ha-1.  Significantly  highest yield  of straw  (7134  kg  ha'1  and  7158  kg  ha-1)  and  grain yield (4193  kg
ha-1  and  4195  kg  ha'1)  of rice were  recorded  at Athiyoothu  and  Kadaladi,  respoctlvely.

(Itey. words..  Coastal soul,  Btocompost,  Composted coir pith,  Vermicompost,  Gypsum Azoph.os,  Soil
nutnents and Rise gield)

In  India  the  length  of  coastal  strips  traverse
more than 8,129 kin along the East and West Coast.
According to present estimate the coastal saline soils
are  spread  in  an  area  of about  3.1  M  ha  and  the
brackish water area is about 1.4 M ha in the coastal
tracts.  In Tamil Nadu the problem of salinity exists
both  in  coastal  and  inlands  of  Chengalpattu,
Cuddalore,   Tanjore,   Ramanathapuram   and
Kanyakumari covering an area of about 7,425 km2
(Pagaria  and  Totawat,  2007).  Mostly  the  coastal
areas are monocropped with rice grown in the rainy
season and leaving the land  fallow till the onset of
next season.  Out of 42.0  M  ha of total rice  growing
area,  55 per cent area is under in coastal region in
India  (Mangala  Rai,  2004).  Under  such  condition
soil and water quality, shallow water table and lack
of good  quality of water are  the  major constraints
affecting  the  crop  production  in  coastal  region.
Hence  sustainable  production  of  rice  could  be
achieved  only  by  maintaining  a  balance  between
demand  and  supply of nutrients  by  integration  of
organic  sources  of  nutrients  like  vermicompost,
t)iocompost, composted coir pith, etc., inorganic and
biofertilizers.   On  account  of  continuous  world
energy  crisis  with  increasing  prices  of  chemical
fertilizer the use of organic manures as  renewable
sources  of plant  nutrients  is  gaining  importance.
Proper blends of organic and inorganic fertilizer are
of utmost  important  not  only  for  increasing yield

and for soil health and the continuous use of organic
and  inorganic  soil  amendments  speed  up  the
process  of  reclamation  of  sodic  soil.  Preliminary
survey indicated that the soil in Ramanathapuram
district along seashore has been affected by salinity
due to the use of ground water having high salinity
due  to  seawater intrusion.  The  present  study was
therefore, aimed at examining the effect of integrated
nutrient management on the coastal soil properties
and     yield     of    rice     in     coa.stal     region     of
Ramanathapuram district of Tamil Nadu.

IVIATERIALS  AND  METHODS

To  study  the  effect  of  integrated  nutrient
management  on  coastal   soil  fertility  and   rice
production,  two  field  experiments were  conducted
at Athiyoothu  (5  kin away from  the  sea coast)  and
Kadaladi   (10   kin  away  from   the   sea   coast),
RamaLnathapuram  district  of Tamil  Nadu  with  a
variety  of ADT  45  during  Rabi  season  of 2007-08
with  12 treatment combinations. The experimental
soils initially contains  113 and  125 kg ha-I of N, 5.9
and  6.49  kg  ha-I  of  P,118  and   124  kg  ha-I  of  K,
2.31  and 2.45 ppm of zn and 3.20 and 3.42 ppm of
Fe at Athiyoothu and Kadaladi respectively. The soil
had 9.2 and 8.9 of pH and 2.9 and 2.7 dsm-1 of EC,
10.70 x  106g-1  and  12.06 x  106 g-1 of Bacteria,  4.19
x  |03 g-I and  4.42  x  103 g-1 of Fungi and  2.85 xl03

g-1  and   3.62   xl03   g-I  of  Actinomycetes.   The
*Corresponding a:ntho[..  E.Matt:  dhanushselgi@yahoo.com.au
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treatments   consisted   no   fertilizer   (control),
recommended   dose   of   NPK   fertilizer   (RDF),
biocompost  @  5  t  ha-I,  vermicompost  @  5  t  ha-i,
composted  coir  pith @  10  t  ha-I  and  gypsum @  3  t
ha-I   (as  per  gypsum  requirement)  alone  and  its
combination.   Biocompost   was   prepared   by
composting  pressmud  with  spent  wash  of  sugar
industry  waste  in  the  ratio  of  1:2.5.  The  raw  coir

pith was composted with fungi (PJeurotL(s sajc]r caju
and  7`n.choderma sp.). Vermicompost was prepared
by using FYM and vegetable waste. The experiments
were  laid  out  in  randomized  block  design  with
treatments replicated thrice. The treatment details
were  as  follows:  T]  -Control,  T2 -RDF,  T3  -RDF  +
Gypsum,   T4  -   RDF   +   Biocompost,  T5  -   RDF  +
Composted coir pith,  T6  -  RDF  + Vermicompost,  T7
-  RDF + Gypsum + Biocompost, T8 - RDF + Gypsum
+   Composted   coir  pith,  T9   -   RDF  +   Gypsum  +
Vermicompost, T]o -RDF + Biocompost + Composted
coir pith, T„  -  RDF  +  Biocompost +  Vermicompost
and    T,2    -    RDF    +    Composted    coir    pith    +
Vermicompost.  Azophos  is  a  combined  inoculums
of both azospirilllum and phospho bacteria in equal

proportion and it was applied @ 2 kg ha -I to all the
treatments  having compost.  In  RDF  treatment  40
kg ha-I  P205 in the form of SSP and 40 kg ha-I  K20
in the form of MOP were applied just before sowing.
Nitrogen  at   120  kg  ha-1  in  the  form  of  urea  was

applied  in  three  splits  (40  kg N  at  basal,  40  kg at
effective tillering stage and 40 kg at flowering stage).
The  initial  and  post  harvest  soil  samples  were
collected and analysed for various physico-chemical

properties. Grain and straw yield were recorded for
each  plot  and  expressed  in  kg  ha-i    The  data
collected on various parameters of the experiments
were  analysed  based  on  the  procedure  given  by
Gomez and Gomez (1984).

RESULTS  AND  DISCUSSION

Soil  pH  and  EC

The  post  harvest  soil  showed  considerable
reduction  in  soil  pH  (7.52  and  7.38)  and  EC  (1.20
ds  in-1 and  1.14  ds  in-I)  from  the  level observed  in
control (pH  of 9.01  and  8.81;  EC of 1.86  dsm" and
1.75  dsm-1)  due  to  the  application  of biocompost
and   gypsum   at   Athiyoothu    and   Kadaladi,
respectively (Table  1). This could be due to  organic
acids production as well as the partial pressure of
C02  released   during  decomposition   of  applied
organic  manures.  The  beneficial  effect  of  gypsum
in  lowering  pH  of  the  soil  is  due  to  downward
movement  of  Na  owing  to  its  replenishment  by
calcium  as  a  result  of  solubilization  of  gypsum.
Similar  results  of  application   of  compost  and

gypsum  reducing  the  pH  and  BC  of  soil  was  also
observed  by Polara  ef al.  (2002).

Table  1. Effect of drffererit composts and gypsum on soil pH, EC, OC and CEC in coastal soil

Treatment pH BC  (dsm-I) OC  (%) CEC(cmol(p')  kg-I)

Kadaladi Athiyoothu Kadaladi Athiyoothu Kadaladi Athiyoothu Kadaladi Athlyoothu

Tl 8.81 9.01 I.75 1.86 0.40 0.35 10.03 10.02

T2 8.07 8.78 I.68 1.76 0.41 0.36 10.06 1021

T3 7.75 7.82 I.27 i.34 0.43 0.37 11.39 11.13

T4 8.02 814 1.41 I.52 0.46 0.40 15.35 14.29

T5 8.36 8.49 I.53 1.61 0.43 0.37 11.48 11.02

T6 8.20 8.27 I.47 I.55 0.47 0.41 13.99 13.97

T7 7.38 7.52 I.14 1.20 0.51 0.44 16.73 16.15

T8 7.54 7.82 1.18 I.24 0.47 0.41 15.45 14.92

T9 7.98 7.65 i.15 1.16 0.50 0.43 16.65 16.09

T10 7.61 7.53 1.26 I.23 0.55 0.42 16.45 14.77

Tll 7,49 8.55 1.22 1.36 0.60 052 16.52 1609

T12 7.38 8.28 I.25 1.27 0.51L 0.44T 16.03L 15.34T

IrLitial  value 8.9 9.2 2.7 2.9

Factors L T L T

SEd 0.116 0.338 0.019 0.057 0.006 0.018 0.006 0.018

CD  (P=0.05) 0.228 NS 0.038 0.112 0.012 0.035 0.012 0.035

Where L - Location and T - Treatments
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Organic  carbon  and  cation  exchange  capacity

The level of organic carbon was the indication or
the soil fertility and its production potential (Table 1 ).
Therefore,  it  is  one  of the  most  important  fertility
parameter  that  determines  the  quality  of soils.  It
was  perceived  from  the  result  that  significantly
higher organic carbon content was recorded in the
manured plots (0.52 % and 0.60%)  than the control

(0.35  %  and  0.40  %).  This  waLs  due  to  the  addition
of  organic' matter  to  the  soil  through  composts.
Which  would  have  further  increased  the  organic
exchange  complexes,   which  in  turn  resulted  in
higher  CEC  [16.15  cmol  (p+)  kg  -t  and   16.73  cmol

(p+)  kg  -[]  of the  soil  than  the  control  Ilo.02  cmol
(p+)  kg -1 and  10  03 cmol  (p+)  kg -[].  Similar findings
of increase in organic carbon and cation exchange
capacity  of  soil  by  the  application  of  biocompost
were  also reported by  Murugan  (2003).

Soil  available  nutrients

Application of organics significantly influenced
the  soil  available  nutrients.  Among  the  organics,
biocompost  recorded  increased  availability  of
nitrogen  from   113.3  kg  ha-i  to   124.8  kg  ha-1  at
Athiyoothu  and  125.7  kg  ha'[  tol33.I   kg  ha-1  at
Kadaladi (Table 2) . Application of recommended dose
of fertilizer with  azophos,  gypsum and biocompost
significantly  increased  the  soil  available  nutrient.
This  effect  might  be  due  the  addition  of  organic
matter through biocompost as well as biofertilizer.
The   favourable   soil   condition   under   these
treatments might have helped in the mineralization
of soil  N leading to buildup of higher availability of
N.  The  results  are  in  close  confirmation  with  the
findings of Muthuraju  et a!.  (2005).

Incorporation  of  biocompost  increased  the
available  P  from  5.91   kg  ha-I  and  6.49  kg  ha-1  in
initial soil to  10.68 kg ha-i and  11.18 kg ha-I in post
harvest compared to vermicompost and composted
coirpith.   Steffen§   et  a!.   (1992)   reported   that
application of biocompost significantly increased the
extractable   P  in   the   sc)il   by   the  application   of
biocompost.  This could  be possibly ascribed  to the
organic  acids  produced  during  decomposition  of
organic  manure  which  would  have  reduced  the
activity of polyvalent cations such as Fe, Al and Ca
through chelation and reduced P fixation of applied
P and there by enhanced the available P in the post
harvest  soil.   Availability  of  P  in   soil  remarkably
improved by the application of gypsum. This might
be  due  to  application  of  gypsum  that  might  have
created  more  favourable  soil  conditions  for  the
availability  of  nutrients  by  lowering  the  pH  and

resulting in dissolution or solubilization of unavailable
form of P in soil. Akbari et az. (2003) also have obtained
the similar results by the application of gypsum.

Similarly  K  availability  found  to  be  higher  in
soil ( 131.2 kg ha-1 and  133.6 kg ha-I) when compared
to  Initial level  (118  kg ha-I and  124  kg ha-I)  due  to
the  addition  of  biocompost  compared  to  control.
Senthil  Kumar  (1998)   found  that  an  increased
availat)le  1{  in  soil  by  the  application  of  compost
compared to control and  reported that available  K
increased due to the fact that biocompost itself adds
appreciable   quantity   of  K  to  the   soil.   Rapid
decomposition  and  mineralization  released  the
higher amount of NH4+ ion also wc)uld have resulted
the  increased  values  of  available   K  in  the   soil.
Increase  in  K availability with  increase  in  NH4+ ion
would  be  possible,   because  of  mutual  release
between  K+ and  NH4+ ion in  inter lattice  positlon of
clay  minerals.  This  could  be  tangible  due  to  the
similarity in ionic radii and both were lattice fixable
ions where from it comes to the soil solution leading
to  the  increased   K  availability.   Singaravel   et  aJ.

(2001)   indicated  that  the   gypsum  application
sustained  the  available  potassium  status  of  soil
perhaps due to reclamatory effect on §oil.

Micronutrients  and  biological  properties

Favourable increased values of micronutrients
content  and  microbial  population  in  soil  might be
due to the addition of gypsum along with biocompost
and  vermicompost  in  the  presence  of  macro  and
micro nutrients (Table 2). These also serve as good
base for establishing and multiplication of beneficial
microbes which help in releasing micronutrients in
soil. The micro nutrients, Zn (0.3 ppm and 0.3 ppm)
and  Fe  (5.3  ppm  and  5.4  ppm)  were  found  to  be
higher   due   to   addition   of  biocompost   plus
recommended  dose  of  NPK  fertilizers  along  with

gypsum and  azophos.  Pagaria and Totawat  (2007)
reported   similar  findings   by   the   addition   of
biocompost, which has build up the organic carbon
in the soil, would be ascribed to the supply of needed
energy and nutrient for the steady multiplication of
micro  organism  for  the  decomposition  of complex
organic manure and converting these to mineralized
organic colloidal forms (Table 3). This in turn added
to   the   organic   manure   reserves   by   the   rapid
multiplication of microbial population. The favourable
higher  microbial  population  was  observed  by  the
application   of   gypsum   might   be   due   to   the
improvement  in  physico-chemical  environment  and
lowering  of the  pH  and  ESP  in  soil  that  had  been
reported by Sultan  Singh  et a!.  (2005).
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Grain  and  straw yield  of rice

The  grain  (4193  kg  ha  land  4195  kgha-I)  and
straw yield (7134 kg ha-land 7158 kgha-I) were high
in recommended dose of fertilizer plus azophos plus
gypsum along with biocompost treatment (Table 3).
I`his might be due to the application of biocompost,
which  is  a  decomposed  humified  organic  manure
having a narrow C:N  ratio. This has directly added
more of mineralized  form of major nutrients to the
soil as evidenced in the present study possibly. This
treatment  would  have  also  reduced  the  loss  of
nutrient through leaching and volatilization and had
further  increased  the  plant  growth  hormones  and
vitamins that resulted in significantly higher grain

yield in rice. Also the applied organic manure would
have  increased  the  yield  due  to  the  positive  effect
of  organic  manures  on  the  plant  physiology  by
developing  elaborate  root  system,  providing  the
growth regulatory substances in the rhizosphere and
modifying  soil   physiological  behavior  leading  to
higher  grain  yield.  The  higher  yield  of  rice  with

gypsum  as  observed  in  this  experiment  was  also
possibly  due  to  improvement  in  physico-chemical
environment in  the  root zone  and  lowering the pH
and  Na  toxicity  by  gypsum  application,  favouring
for uptake of plant nutrients and increasing in yield
of rice.  Concrete evidence on the role of gypsum on

yield of rice had been previously reported by Sultan
Singh  et cil.  (2005).

It  was  concluded  from  the  study  that  the
application of biocompost made from sugar industry
wastes @  5  t ha-I  along with  azophos @  2  kg  ha-I
was  found  to   be   a  promising  organic   source
combined  with  gypsum  as  for  soil  fertility  and
productivity maLintenance of salt affected coastal soil
and to get substantial yield of rice. Between the two
field experiments Athiyoothu and Kadaladi, available
nutrient  content  in  soil  and  yield  were  recorded
higher  in  Kadaladi  (10  kin  away  from  sea  coast)
when  compared  to  Athiyoothu.  The  lowest  values
at Athiyoothu (5 kin away from sea) might be due to
accumulation  of  salt  in  the  soil  due  to  seawater
intrusion than in Kadaladi.
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Land Shaping Techniques to Alleviate Salinity and
Waterlogging problems of Mono-Cropped
Coastal Land for Multi-Crop Cultivation

a    K.   BANDYOPADHYAY*,  D.   BURMAN,  S.   K.  SARANGl,
SUBHASIS  MANDAL  and  A.  R.   BAL

Central  Soil  Salinity  Research  Institute,  Regional  Research  Station
Canning  Town,  Pin  -743  329,  West  Bengal

Land shaping techniques create different types of land situations  like high  land/ridges, medium
land  and  normal  low  land  apart  from  farm  pond  /  furrows  tor  fish  cultivation  and  rain  water
harvesting  in  the  farm.  Waterlogging  and  salinity  of  soil  reduced  in  the  high  lands  providing
scope  for  cultivation  of  divei.se  multi-crops  otlier than  rice  during  khari.f and  other  seasons.
The  rainwater  hal.vested  in  farm  pond/furrows  created  a  source  of  irrigation  water  which  is
nlghly scarce  in  the  region. The  different land shaping techniques viz.  farm  pond,  deep furrow
&  high  ridge  per ha,  and shallow furrow & medium  ridge could  harvest 4700,  2250 and  1125 cu.
in.  of rain water respectively ln  monsoon season. The land shaping techniques also provided a
scope for more  protitable  integrated cultivation  of crop.fish,  paddy-cum-fish  and  crop and fish
separately  along  with  vegetable,  fruits  and  other  high  value  crops.  A  cropping  schedule  for
multi-crop  cultivation  throughout  the  year  for  more  farm  income  and  productivity  in  mono-
cropped  salt affected  low-lying  coastal  land  has  been  suggested.

(Key  u)ords:  I.arl,d  shapin,g  techrrique,  Integrated  crop-fish  cultiuation.   Saltnrty,  Waterloggmg,
Rairowater haruest\ng, Coastal land)

Indian coast line covers a length of about 8,129
kin.  The coastal agro-ecoregion  is distributed over
nine   coastal   states   (Gujara.t,   Maharashtra,
Karnataka,  Kerala and Goa in the west, and Tamil
Nadu, Andhra Pradesh,  Orissa and West Bengal in
the east), besides Lakshadweep, Andaman Nicobcr
group   of  Islands,   and   Union   Territories   of
Pondicherry  and  Daman  &  Diu,  and  occupies  an
area of 10.78 in ha (Velayutham e{ aJ.,1999). There
are wide variations among the coastal areas in terms
of soil  characteristics,  land  use  pattern  and  agro-
climatic  conditions.   Agriculture   is   the   main
occupation  of  the  people  of  coastal  regions.  The
lands  are  predominantly  mono-cropped  with  long
duration traditional variety of rice in khan/season.
Most of the lands remain  fallow during the  rest of
the  period  of year.  The  crop  yield  in  the  area  is
usually  very  poor  due  to  a  number  of soil,  water
and climatic constraints. The major constrains are:
salinity build up and lack of irrigation water during
dry  months  (rabi and  summer),  deep waterlogging
of fields  (in  khari",  drainage  congestion,  etc.  The

problem  is  also  compounded  by  natural  disasters
like cyclone, Sea water intrusion, drought, etc. that
visit the coastal areas almost regularly. Many of the
coastal areas have  high  monsoon rainfall which is
much  in  excess  of evapo-transpiration  demand  of

Corresponding a\uthor..  E-mail:  bimalbkb@gmatl.com

crops in  the  season  (Bandyopadhyay  ef a!„  1988).
The excess water goes waste to the seas as run-off.
There  is  a  good  scope  tha.t  the  excess  rain  water
can  be  harvested  for  irrigation  in  dry  months.  In
khan/season the soil salinity remains low but most
of the  cultivated  lands  remain  highly waterlogged
due   to  high   rainfall.   The   soil   salinity   starts
increasing  at  the  end  of  the   Jchart/ season  on
cessation  of  monsoon  rains  and  reaches  its
maximum in the month of May-June before the on
set of next monsoon  rains  (Bandyopadhyay  et aJ.,
2003).

The  reclamation of lands and creation of good
irrigation facilities over large coastal areas is highly
expensive and  to be  taken up  by the Govt.  /  Govt.
agencies, which has not yet been possible. Attempts
have been made to alleviate the problems of salinity
and waterlogging of coastal land along with creation
of  irrigation  resource  by  rain  water  harvesting
through  some  simple  land  shaping  techniques
adoptable at farmers level are discussed in this paper.

IVIATERIALS  AND  METHODS

The  study  was  conducted  at  the  Central  Soil
Salinity  Research  Institute,   Regional  Research
Station,  Canning Town,  West Bengal. The  soil was
heavy  texture  with  40-  43  %  clay,   10%  sand  and
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.47-50   °/o   silt.   The   pH   of  surface   soil   in   the
experimental  area  varied  from  5.8-7.1.  The  mean
annual  rainfall  is  1763  mm  of which  about  90%
c)ccurs during LJune to October when the cultivated
lands remain waterlogged as most of the lands are
low-lying.  The  mean  annual  evapo-transpiration
demand   of  crop   is   about   1303   mm   and   the
percolation loss is negligible in the area. It is, thus,
clear that about 460 mm of rain water is in excess
annually which goes waste into the sea as run-off,
which  can  otherwise  be  harvested  for  irrigation
during  dry  periods.   The   three   land   shaping
techniques  taken  for  the  study  for  alleviating  soil
salinity  and  waterlogging  problems  as  well  as  for
creation of irrigation resources at farmers' level are:
(i)  Farm  pond  (FP),  ii)  Deep  furrow  and  high  ridge
(DF) and iii) Shallow furrow and medium ridge (SF).
The techniques are brieny described below.

I.  Farm  pond  (FP)

About 20% of the farm area was converted into
on-farm reservoir (FP) to harvest excess rainwater,
the dug-out soil was used to raise the land to form
high and medium land situations (Fig.1) for growing
multiple  crops  including vegetables.  The  pond  was
used fc)r rainwater harvesting for irrigation and fish
cultivation. The high land was free from waterlogging
in khari/and could be used for multi-crop cultivation.

:---=.tut..`

Fig.1.  Farm   pond   (FP)   technique   for   rain-water  harvesting   for
growing  fish  and  multiple  crops  in  different  seasons  (top
view).

Normal  land for
paddy-Gum-fish

Fig. 2. Deep furrow and high ridge (DF) technique for growing fish
and multiple crops in different seasons (side view).

==
110m

Fig.3.   Shallow   furrow   and   medium   ridge   (SF)   technique   for
growing  fish  and  multiple  crops  in  different seasons  (side
view).

11.  Deep  furrow  &  high  ridge  (DF)

About  50 °/o  of the farm  land  was shaped  into
alternate  ridges  (I.5  in top  width  xl.0  in  height  x
3m bottom width) and furrows (3m top width  x  I.5
in bottom width  x  1.0 in depth) (Fig. 2). This resulted
in  creation  of  land  free  of  waterlogging  (ridges)
during khari/and rain water harvesting (in furrows)
for irrigation.

Ilr.  Shallow furrow  a  medium  ridge  (SF)

About  75  % of the  farm  land  was  shaped  into
medium  ridges  (1.0  in top  width  xO.75  in  height  x
2.Om bottom width)  and  furrows  (2.Om top width  x
1.0 in bottom width  x  0.75  in depth)  with a gap  of
3.5m  between  two  consecutive  ridges and  furrows
(Fig.   3).   The   furrows  were  used   for  rainwater
harvesting. The ridges were free from waterlogging
in  khari/and suitable for cultivation of crops other
than rice throughout the year.

RESULTS AND  DISCUSSION

Each  land  shaping  technique  resulted  in
formation of 3 types of land situations viz.  a)  High
land  made  over  normal  land  with  soil  dugout  for
making pond/ furrows. , b) Normal land (original low
land existing in the farm and c)  Furrows/  pond.  In
Farm pond (FP) technique, since the quantity of dug
out  soil  was  more,  there  was  a  scope  for  making
another  type   of  land  viz.   Medium   land   (less
waterlogging  in  khan/ for  cultivation  of HYV  rice)
with partial raising of a portion of the original farm
land. The soil salinity build up in different types of
land   situations  under  different  land   shaping
techniques at different period  of year is  presented
in Table  I. The results indicated that in all the land
situations  under  the  3  different  techniciues  there
was  seasonal  variation   of  soil  salinity.  The  soil
salinity was lowest in Jchan/(August). On drying up
cif standing water on field at the end of khanrseason
the  soil  salinity gradually  increased  to  its  highest
value   in   the   summer   (May).   In   the   present
experimental field the soil salinity (Ecg)  of normal
land in FP was  1.7 dsm-I  in August but it was  16.5
dsm-I in  May.  In each technique the §oil salinity in
the high land  /  ridges was much less compared to
the normal land. During the summer season (March-
May)  the  soil  salinity  (Ece)  in  the  normal  land  of
the  DF technique  was  7.2  to  12.2  dsm-I  while,  the
same   was   3.4   to   5.4   dsm-I  under  high   land
condition.  This indicated  that even  the marginally
salt tolerant crops  can  be  grown  on  ridges  in  rab{./
summer  season,  which  could  not  be  grown  under
normal land situation. The increase in soil salinity
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Table  1. Effect of land shaping on soil salinity (Ece ds rr(1 )
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I.  Farm  Pond  (FP)

High  land                                                                       Feb March          April             May          June           July         August
0-15  cm                                                                                     2.70              5.10              5.25

15-30  cm                                                                               2.85              5,25              5.50
5.58            4.50              I.86              0.78

5.72             4.88               2.06               1.01

Medium  land

0-15  cm                                                                                    3.08              5.38              5.63

15-30  cm                                                                                     3.13               6.13               5.83
7.00            6.25              1.94              0.62

7.25            6.35              2.44             0.66
Normal  land

0-15  cm                                                                                     7.28              7.85              8.50               16.50 11.25              2.36
15-30cm                                                                                   9.25             10.38            10.63              16.63          12.38             261

11.  Deep  furrow  &  high  ridge  (DF)

High  ridge

0-15  cm

15-30  cm

30-45  cm

45-60  cm

60-75  cm

75-90  cm

90-105  cm

2.15               3.35

2.90             4.88

2.95             4.98

2.75               3.63

3.13                4.13

3.53             4.55

3.35               4.13

5.20                5.42

5.00                3.95

5.00               3.50

3.88               3.98

4.13                 2.55

4.80                5.13

4.38               5.93

3.43               I.78

2.85                 1.81

2.93               I.88

2.73                1.95

3.13               2.76

3.50              2.90

3.00              2.92
Normal  land

0-15  cm                                                                                 6.23

15-30  cm                                                                               7.25
8.50                12.21           10.06              2.19

9.83               12.35           10.38             2.67

Ill.  Shallow furrow  &  medium  ridge  (SF)

Medium  ridge

0-15  cm

15-30  cm

30-45  cm

45-60  cm

60-75  cm

3.25                4.40             2.12

3.70                5.55             2.21

3.75                5.58             2.52

3.93               6.00            2.66

4.00               6.22            3.32

Normal land

0-15  cm 6.87                7.18                8.87                 13.18           12.11               4.56                2.21

15-30  cm                                                                                  7.65              9.66              9.75              13.35          12.46             4.82 2.43

during  rabi./  summer  seasons was  due  to upward
capillary nse of saline groundwater at shallow depth
followlng evaporation  from  the  soil  surface,  which
resulted  in  gradual  accumulation  of  salts  in  the
surface  soil.  Lesser  soil  salinity  in  the  raised  soil

(ridge,  high  land)  might  be due  to  :  a)  the  distance
between  the  saline  groundwater  table  a.nd  the
surface   soil   Increased   resulting  in   decreased
accumulation of salt through upward capillary flow
and/or  b)   due  to   the  presence  of  fresh  water
(harvested  rain  water)  in  the  furrows,  the  soil  at
the   bottom  region   of  ridges,   remains   almost
saturated with fresh water in the initial months aLfter

the khan/season (or as long as there was a stock of
fresh water ln  the  furrows)  thereby decreasing the
soil water potential at the bottom region of ridges,
which resulted  less upward capillary movement of
saline  groundwater.  The  salinity  of  groundwater
increased with time after the cessation of monsoon
rains till the onset of the next monsoon as evident
from   the   salinity  of  water  in   the  piezometers
installed  in the experimental  area (Fig.  4).

The  data  on  the  depth  of waterlogging  of the
land  (Table  2)  indicated  that  normal  lands  in  the
area are waterlogged during fehan/season for which
no crop other than rice (usually tall I.ndicas) can be
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Tal.le 2. Depth of standing water on normal lou)
land in khaTif season

Month Corresponding Average  depth

growth stage of standing
of rice  crop water (cm)

July Transplanting 10-15

August Tillerin8 25-30

September Maximum  tillering >30

October Flowering 20-25

November Grain  filling 15-20

December Maturity 0-2

grown  during  the   kharl./  season.  The   studies
conducted   by   Mahanta   et  a!.   (2004)   in   the
Sunderban region of west Bengal also reported that
about 46-50 % of normal cultivated land had higher

1111111-+--
Fct>n)ai7           Maitb                April                  My                  June                  July               A\i;rust

Monfro

Fig.  4.  Sallnity  of groundwater  as  observed  in  the  plezometer

standing water during initial growing period of rice
which  caused  considerable  reduction  in yield  and
the  higher waterlogging  at initial  stages of growth
was  more  harmful.  Under  the  present  techniques
the  ridges/  high  lands were  free  of waterlogging in
khanJ Hence, crops like vegetable/ fruit crops, etc.
other than  rice  can  also  be  grown  throughout  the
year on these lands instead of rice alone. The depth
of standing  water  in  furrows  and  pond  was  quite

Table 3. Proposecl crop planning ujith different lancl shaping techniques

Land  shaping Land  situation Crops Remarks
techniques created Kharif Rabi

I.  Farm  Pond  (FP) (a)  Farm  Pond Fish Fish The  different  land  situations viz,

(b)  High-land VegetablesHYVRiceRice VegetablesVegetables,  low- high,  medium  and  low land
created  with created  can be  used for multiple
excavated  soil crop  cultivation  throughout the

(c)   Medium-land year.  Harvested  rainwater  can  beusedforrishcultivationand
created  with water  requiring
excavated  soil field  crops irrigation  purpose.

(d)  Original  low-land Low-waterrequiringfieldcrops,shortdurationrice

11.  Deep  furrow  & (a)  Furrows(b)Ridgeswith Fish under Fish + Ran water Furrows may be used  for rain
high  ridge  (DF) paddy-cum-rish harvestingVegetablesLowwaterrequiringfieldcrops water  harvesting &  paddy-Gum-

cultivationVegetables & fish/fish  cultivation.  Ridges  maybeusedforvegetableandfruitcultivation.Furrowsalsoprovidebetterdrainageoffieldindry

excavated  soil fruit  crops months.

(c)   Original  Low  land Rice  underpaddy-cum-fishcultivation

111.   Shallow (a)  Furrows(b)Ridgeswith Fish  under Short  duration The  furrow  may  be  used  for  rain
furrow &  medium paddy-cum-fish riceVegetable  and water harvesting & fish cultivation
ridge  (SF) cultivation under  paddy-cum-fish  during

Fruit and khari/,  ridges  may  be  used  for

excavated  soil vegetable  crops fruit  crops vegetable  and/or  fruit  cropcultivation.Theshallowfurrowsmaybeusedforricecultivationln

(c)   Original  Low Rice  under Low  water
land paddy-cum-fish requirlng  field rab!/summer  as  there  will  be  less

cultivation CIUPS loss   /wastage  of  water.   Excesswaterofirrigation/rainwaterduringdrymonthswillalsobeharvestedinfurrows.
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high during the  khan/season which provided scope
for more  profitable  double  cropping of paddy-cum
fish  cultivation  during  the  season.  In  farm  pond
technique fish could be cultivated in pond through
out the year while the harvested rain water can also
be  used  for irrigation  of low water requiring crops
during dry months. In the SF technique the furrows
can be used for paddy-cum-fish cultivation during
khaJi/ Since, the depth of furrows was less (75 cm)
in SF technique, the furrows can be used for paddy
(being most preferred crop of the farmers) cultivation
during   rab!.  taking  the  advantages  that  water
following rains/irrigation of other crops in the field
will  be  accumulated  in  furrows  and  there  will  be
less  loss  of  water  through  vertical/horizontal
movement  of  water   from   the   furrows.   In   DF
technique  also  profitable  vegetable/fruit  crop
cultivation  on  ridges  can  be  undertaken  through
out the year and paddy cum- fish cultivation on field
during Jchari/season. The quantity of rain water that
could be harvested under deep furrow & high ridge
and  shallow furrow & medium  ridge are 2250 and
1125 cu.in,  per ha, respectively, which can be used
for a  few  initial  live  saving irrigations  of low water
requiring rabl. crops. In FP technique the volume of
harvested  rain  water  (4700  cu.in  ha-I)  was  more
which  was   sufficient   to   meet   the   irrigation
requirement  of low  water  requiring  rab£/  summer
crops besides, fish cultivation through out the year.
Besides  rain  water  harvesting  the  different  land
shaping  techniques  also  provide  better  drainage
during dry months to the low-lying coastal lands. A
possible   schedule   of   crops   under   different
techniqines is given in Table 3,  which show that by
adopting  one  of  the  land   shaping  techniques
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multiple  crops  can  be  grown  throughout  the  year
on  mono-cropped  coastal  saline  soils.  The  choice
for  a  particular  model  of land  shaping  technique
will depend on farmers' preference and the situation
of the  farm land.
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Nitrate in Gfoundwater in Intensive Agricultural
Areas of West Godavari: A Case Study

G.  V.  LAKSHMr  and A.  K.  BISWASI

Acharya  N.G.  Ranga Agricultural  University
Bapatla.  Andhra  Pradesh  -522101

A study was  conducted  to  a§soss  nitrate  contamination  ln  groundwator in  West Godavari,  one  of
the coastal  dlstrlcts of A.P..  India through a sample size of 480 water samples during pro-monsoon
of 2006.  Out of 480 water samples,107 samples were collected from  open well,  214 from  tube well
and  145  from  hand  pump.  226  water samples  were  in  proxlmlty  to  crop fields,139  samples  from
habitation areas, 99 samples from sources used by community, and 16 samples having the influence
of dairy/poultry/agro  based  industry,  etc.  Nitrate  pollution was  rocordod  in  18.5  per cent samples,
whereas 32.7 per cent samples did not contain any nitrate. Majority of the samples was in the range
of 0.5  ppm  N03.N  (39.4°/o),  whHe  9.4  pot  cent samples  contained  5-10  ppm  NO,-N  and  were  most
vulnerable to  nitrate  pollution. When the  data were stratified with  respect to fertilizer  usage,  high
fertilizer  usage  areas  recorded  higher  level  of  nitrate  pollution  as  compared  to  medium  and  low
areas. 26.2 per cent open wells,11.7 per cent tube wol[s and 23.4 per cent hand pumps wore polluted
with nitrate. The i'esults cloarly Indicated that open wells and hand pumps were more polluted than
other sources,  and  samples from  habitation areas woi.e  more po[[uted than those from  crop fields
and  other areas.  On  an  average,  open  well  water rocordod  a  mean  NOS.N  value  of  11.2  mg  L-1  as
against  8.4  and  5.a  mg  L-t  in  hand  pump  and  tube  well  water,  respectively.  The  highest  level  of
nitrate  contamination  was  recoi.ded  in  open  well  (84.6  mg  L-1)  as  compared  to  70.8  mg  L-1  in  hand
pump and 61.2 mg  L.1  in tube well. The highest lovol of nitrate contamina`lon was found in sources
near habitation. The mean  NO.-N concontratlon in watoT collected near crop field areas was 4.7 mg
L.t,  that of habltation and  community areas 9.4  mg  L-',  and  other areas  2.9  mg  L'1. Overall,  nitrate
I®vel in water was corrolatod bettor with EC than wlth pH. When the data were stratified with regards
to  level  of  nltrate,  thel.e was  by and  largo an  improv®mont  ln  corrolatlon with  EC  with  increase  in
level of contamination,  but not so wlth pH  of water.

(Key words  : Nitrate-N, Groundu)ater conceritrahor\ Coastal Andhra Pradesh)

The role of nitrate as a contaminant in drinking
water has been well established due to its harmful
biological effects (Kross  ef aJ.,  1993).  High  concen-
tration of nitrate can cause methemoglobinemia and
has been cited as a risk factor in developing gastric
and  intestinal  cancer  (Hazel,  1994).  Due  to  these
health risks, a great deal of emphasis has been given
to  identify  the  sources  of  nitrate  pollution  and
evaluate  relative  contribution  of different  sources
so  that preventive  measures may be  taken to  help
alleviate the problem. Numerous reports have linked
increased use of nitrogenous fertilizers with nitrate
pollution  in  groundwater  (Bruning-Fenn  and
Kaneene,1993), although enough data base has not
been created to ascertain this linkage or otherwise.
It is known that apart from manures and fertilizers
many other industrial and anthropogenic activities
can cause nitrate pollution in aquifers.

West GodaLvari is one of the coastal districts of
Andhra Pradesh, which consumes highest amount
of  fertilizers  and  along  with  Krishna  and  East

Godavari produces the highest rice yield in Andhra
Pradesh.  Despite  so  much  of fertilizer application,
especially nitrogenous fertilizers, there has not been
any  systematic  attempt  to  rind  out  the  extent  of
nitrate pollution in water resources and to quantify
the  contribution  or  the  different  sources  towards
nitrate  contamination  of  aquifers.   With  this
background  the  present  study  was  conducted  to
study  the  extent  of  nitrate  contamination  in
groundwater,  and  to  evaluate  the  vulnerability  of
groundwaLter to nitrate contamination in the district.

MATERIALS  AND  METHODS

Study Area

The  study  region  encompassed  50  villages  of
intensive agricultural production areas covering 20
mandals  (blocks)  of  West  Godavari  district.  West
Godavari  is  the  pioneering  district  in  Andhra
Pradesh in adopting latest trends in agriculture and
iri achieving higher production and productivity. It
is  treated  as  the  `Rice  bowl' of Andhra  Pradesh.  It

*Corre sponding author
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Nitrate  in  groundwater

lies between  16°15'-17°30' N and 80°-80°55'E. It can
be divided into three natural regions, namely, delta,
upland  and  agency  area.  The  net  area  cultivated
forms about 63.5 per cent of the total geographical
area of the district, and the majority of the cultivated
area  is  irrigated  by  the  network  of canals.  Rice  is
the most dominant crop of the district forming about
two-third  of  the  total  area  sown  with  an  average
grain yield of 3.4  Mg ha-I  in  khan/and 4.7  Mg ha-1
in  rab!'.  The  dominant  soils  are  deltaic  black  soils
and  red  clayey  soils covering  almost  60  per cent of
the area in  the district.  Average rainfall ranges from
approximately 900-1200 mm, and the rainfall is mostly
from  south-west  monsoon  received  within  45  rainy
days. Average temperature ranges from 25 to 45°C.

Sampling  Scheme

Secondary information with regards to soil type,
crops  and  cropping  systems,  source  of irrigation,
usage of fertilizers and manures, availability of dairy
and  other  industries,   etc.   have  been  collected
extensively from the target district of west Godavari.
Based  on  the  secondary information  collected  the
district was stratified into three categories in terms
of fertilizer usage,  that  is,  low,  medium  and  high.
Based  on  criteria  of fertilizer  usage,  soil  type  and
cropping sequences soil and water sampling scheme
was devised. With the help of block level personnel
of the  State  Government,  soil  and water sampling
sites  were  chosen.  The  global  positioning  system
was used  to pinpoint the  location of the  sampling
so as  to enable  to  come  back to  the  same  spot for
collection of samples to evaluate temporal variation
and  for  mapping  and  delineation.  A  total  of  480
water  samples  and  48  soil  samples  (from  three
depths,   i.e.,   0-15,15-30,   and   30-45  cm)  were
collected during pre-monsoon, 2006. Soil and water
samples  were  collected  in  such  numbers  so  as  to
maintain a ratio of 6:3: 1  in  high,  medium and low
fertilized areas of the district with the idea to collect
more samples from areas of higher fertilizer usage.
While selecting the wells, priority was given to those,
which  are  used  as  sources  of  water  both  for
irrigation and drinking purposes.  Horizon-wise soil
samples were also collected from representative sites
for  their  analyses  for  clay,  sand  and  silt,  organic
carbon,  pH,  total  N and  nitrate  N,  .u attribute the
causes of variations in  the observed concentration
of N03-N  ln  the water samples.

Sample  Collection,  Processing  and  Analysis

Samples   were   collected   in   acid   washed
polythene  bottle  and  care was  taken  to  collect the
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samples  after  allowing  the  wells  to  flow  for  feiv
minutes  before  collecting  the  samples,   I-2  mL  of
analytical grade H2S04 was added to each polythene
bottle  before  collecting  the  samples  to  bring  the
sample pH down to 2 or less for storing it at 4°C for
determination of N03-N through autoanalyzer in the
laboratory at Indian Institute of Soil Science (IISS),
Bhopal.  pH  and  EC  values  of  the  samples  were
measured  I.n-sl.tLi immediately after collection, while
N03-N was measured in  the  laboratory by forming
a purple azo dye out of a coupling reaction between
a diazo compound, sulphanilamide, and a coupling
rcagent,      N-(1-napthyl)-ethylene      diamine-
dihydrochloride,  by  modified  Griess  and  llosvay
method  and  recording  the  colour  Intensity  at  540
nm with the help of an autoanalyzer (FIAstar 5000,
FOSS  Analytical  AB,  Sweden).  Data  on  cropping

pattern, rainfall, quantity of fertilizer used and depth
of  aquifer  (from  where  sample  taken)  were  also
collected.   Results  thus  obtained  were  analysed
following appropriate statistical methods using the
Windows based SPSS version  10.0.

RESULTS AND  DISCuSSI0N

Nitrate  pollution  in  water  bodies  generally
happens through  non-point sources and  therefore
it  is  difficult  to  ascertain  the  linkage  of  nitrate
contamination to any particular source of water. In
view of this,  samples were  collected  from different
sources  in  proximity  to  or  under  the  influence  of
various  anthropogenic  activities,  namely  crop
production, habitation, community, dairy/ poultry,
etc. During pre-monsoon of 2006, out of 480 water
samples,  107 samples were collected from open well,
214 from tube well and  145 from hand pump.  226
water samples wsre in proximity to crop fields,139
samples  from  habitation  areas,  99  samples  from
sources  used  by  community,  and   16  samples
having  the  influence  of dairy/poultry/agro  based
industry, etc.

Extent of Nitrate Contamination

As a whole,18.5 per cent pre-monsoon samples
were  polluted  with  nitrate,  whereas  32.7  per  cent
samples  did  not  contain  any  nitrate.  Majority  of
samples was in the range of o-5 ppm N03-N (39.4%),
while  9.4  per  cent  samples  contained  5-10  ppm
nitrate-N and were most vulnerable. When the data
were stratified with respect to fertilizer usage, more

polluted samples were found in high fertilizer usage
areas as compared to medium and low areas.  26.2
per  cent  open  wells,11.7  per  cent  tube  wells  and
23.4  per  cent  hand   pumps  were  polluted  with
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nitrate. The results clearly indicated that open wells
and  hand  pumps  were  more  polluted  than  other
sources. This also clearly brought out that tube wells
samples are less polluted as compared to open wells
and hand pumps. This shows that unconfined and
shallow  aquifers  are  much  more  prone  to  nitrate
contamination  in  the  district.   More  number  of
samples  from  habitation  areas  was  polluted  than
those  from  crop  field  and  other  areas.  The  result
again  emphasized  that  drinking  water  sources,
especially  from  shallow  and  unconfined  aquifers,
had  higher  level  of  nitrate  contammation  than
irrigation  sources.

Level  of Nitrate  Contamination

On an average, open well water recorded a mean
N03-N  value  of  11.2  mg  L-I  as  against 8.4  and  5.0
mg   L-I   in   hand   pump   and   tube   well   water,
respectively.    The    highest    level    of   nitrate
contamination was recorded in open well (84.6 mg
L-1)  as compared  to  70.8  mg L-1  in hand  pump and
61.2 mg L-I  in tube well. The highest level of nitrate
contamination   was   found   in   sources   near
habitation. The mean N03-N concentration in water
collected near crop field areas was 4.7 mg L-I, that
of habitation  areas  9.4  mg  L-I  ,  community  areas
9.4  mg L-I,  and  other areas 2.9  mg L-I.

Relationships  among  Nitrate  and  Soil  and  Water
Parameters

As a whole nitrate levels in water was correlated
more with EC than with pH of water (Table  1). When
the  data  were  stratified  with  regards  to  level  of
nitrate,  there was by and large an improvement in
correlation  with   EC   with   increase   in   level  of
contamination, but not so with pH of water. On. the
other  hand,  nitrate  level  had  no  correlation  with
soil pH  and EC. The level of N03-N in water in crop
field   samples  was  correlated  with  the  average

Tablet. Correlation Matnx

Parameters Nitrate  Level  (mg  N  L-I)

>0 >1 >5 >10 >20 >50

Water  pH 029 0.31 0.21 0.20 0,13 0.40

Water  EC 0.47 0.50 0.62 0.61 0.59 0.60

Soil  pH NS NS NS

Soil  EC NS NS NS

application doses of fertilizers and manures Into the
fields  in   proximity  to  the   source  of  water.   FYM
application was found to have better correlation with
N03  contaminatlon   in   water   than   fertilizer   N
application.

The  study indicated  that buildup  of nitrate  in
water  is  a  function   of  many  soil  factors  and
anthropogenic activities, and delineating the effect
of fertilizer usage on nitrate contamination is quite
difficult.  The  present  study  showed  that  organic
sources   of   nutrients   including   wash-off  of
agricultural  residues,  human  and  animal  excreta
especially  near  habitation  areas  rather  than
inorganic  sources  played  the  major role in  nitrate
contamination of groundwater
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Performance of Sesame (Scs4ffl#ow £.#d!.c#or) and Groundnut

(Ar4cb€.s bypog¢c¢) Intercropping System under Different
Levels of Sulphur in Lateritic Soils of Konkan
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Dr   Balasaheb  Sawant  Konkan  Krishi  Vidyapeeth,  Dapoli  -415  712,  Maharashtra

A  field  experiment  was  conducted  at  the  Agronomy  Farm,  College  of Agriculture  Dapoli  Dist.
Ratnagiri  to  study  the  Performance  of  sesame  (SesamL/in  /.nd/.com)  +  groundniit  (AracA/.s
hypogaea)  intercropping system  under ditferent levels  of sulphur  in  Lateritic  soils  of Konkan.
The  results  indicated  tliat  the  treatment  T6  (sesame  +  groundnut  in  3:1)  and  tr`e  treatment  T7
(i.a.  sesame +  groundnut  in  1 :3  ratio)  ratio  recorded significantly  higher grain  and  dry  pod  yield
respectively,  which  was  at  par  with  the  treatment  T5  (i.e.  sesame  +  groundnut  in  1:2   ratio),
whereas  the  significantly  superior  land  equivalent  ratio,  crop  equivalent  yield  and  B:C  ratio
was  observed  in  the  treatment  Ts (i.e.  sesame  +  groundnut  in  1 :2  ratio).

(Key u)ords: Sulphur,  latenttc soil,  Intercropping Of sesame and groundnut,  Yield)

Oil   seeds   from    the   largest   agriculture
commodity  after cereals  in  India  sharing  15.7  per
cent  of  the  country's  gross  cropped  area  and
accounting for nearly  5  per  cent of gross  national
product   and   10   per  cent   of  the  value  of  all
agriculture  products.   India  has   14  per  cent  of
world's  area  under  oil  seeds,  which  accounts  for
less  than   10  per  cent  of  the  world's  production

(Hedge and  Kiresur,1999).

Most of the research work and approaches with
respect  to develop  the  production  technologies  for
oilseeds in the past have been confined to individual
crops, but now there is need to work with cropping
systems that farmers can practice to exploit location
specific  agro-climatic  conditions  for  enhanced
production. Considering the limited net sown area,
it will be  necessary to raise the  cropping intensity
so as to grow more crops on the same piece of land.
In Konkan region, groundnut gaining popularity due
to  its  high  yield  potential.  Among  the  various  oil
seed crops grown in the country, sesame (Sesamum
{nd{ct/in)   commonly  known,   as   "T[!"  is  the  most
important  edible  oil  seed  crop.  It  is  the  oldest  oil
seed crop known and cultivated by man. Sesame is
short duration crop and fits well in various cropping
systems.  In  this region  there is  no dearth of water
up  to   March  due  to  well  irrigation   resources,
therefore, the present investigation was undertaken.

MATERIALS  AND  METHODS

A field experiment was conducted at Agronomy
farm,  College  of  Agriculture,   Dapoli  in  split  plot
design during Rabi season of 2005-06 consisting of
21  treatment  combinations  and  replicated  thrice.

The soil of experimental plot was clay loam in texture
and  acidic  in  reaction  with  medium  in  available
nitrogen,   low  in  available  phosphorus  high  in
available potash and low in available sulphur. The
treatment  combination   consisted   of  different
intercropping ratios (T[ - Sole crop sesame, T2 -Sole
crop groundnut, T3 -Sesame + Groundnut ( 1 : 1), T4
-Sesame   +   Groundnut   (2:i),  T5  -Sesame   +

Groundnut  (3:1),  T6 -Sesame  +  Groundnut  (1:2),
T7  -Sesame   +   Groundnut   (1:3)   as   main   plot
treatment and three levels of sulphur (S , = control,
S2 =  30,  S3 =  60)  as sub plot treatments. The gross
and  net  plot  size  was  3.60  x  4.20  m2 and  3.00  x
3.90 m2 respectively.  The variety JLT-7  of sesame
and  TG-26   of  groundnut  were   used   in   this  -
investigation.  Drilling in  line  30  cm apart and  7.5
cm  spacing  between  plants  sowed  sesame  seed
whereas,  two seeds of groundnut were dibbled per
hill  at  3-4  cm  depth  at  30  cm.  The  recommended
dose  of  fertilizer  for  sesame  and  groundnut  was

::P,][:::t2tgekr;t;5+°58Nk:2p:ok58hp£?5r+e::e::]#e2i:
through Diammonium phosphate.

RESULTS  AND  DISCUSSION

Productivity of  intercrops

The yield economics and intercropping indices
of  Sesame  and   Groundnut  were  significantly
Influenced  by different intercropping ratios.  In  3: 1
row ratio the adverse effect of competition between
component  crops  was   reduced   hence   sesame
intercrop enjoyed increased availability of nitrogen
and  sulphur  owing  to  higher  nitrogen  fixation  by
groundnut  therefore  widely  spaced  sesame  in  3:1
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Table  1. Mean grain and pod yield, LER, Crop equivalent yield arid
B:C ratio as inf luenced by different intercropping ratios

Intercropping  ratio

TL    Sole  sesanc

T2    Sole  groundnut

T3    S  +   G  (I:I)

T4    S  +  G  (2:1)

T5    S  +  G  (3:1)

T6    S  +   G(1:2)

T7    S  +  G(1:3)

S.E.  ±

Price for sesane Rs.  50 kg-t
PrLce for groundnut dry pod  Rs.15 kg-t

ratio  attained  full  growth  and  gave  significantly
higher  grain  yield  of  sesame  and  decreased  with
decreasing row ratio. This was expected because of
successive increasing number of rows in unit area
as  compared  to  3:1  ratio,  which  resulted  in  lower
yield in wider ratio.  Similar trend was observed in
case  of  groundnut.  These  results  were  earlier
reported by Khistaria ef az. , ( 1997) and Hari Krishna
and Reddy (2005).

Land equivalent ratio

The maximum LER value of I.46 was recorded
with planting of one row of Sesame intercropped in
two rows of groundnut. It is concluded that normal
planting of Sesame at 30 cm for grain intercropped
with  two  rows  of  groundnut  would  be  the  most
efficient  profitable  intercropping  system  under
Lateritic  soil  condition.  Similar observations were
made by Mandal and Mahapatra ( 1990) and Mandal
ef  aJ.,  (1990).

Crop equivalent yield

The    crop    equivalent   yield    of   different
intercropping  ratios  in  terms  of  Sesame  and
groundnut yield clearly indicated the advantage of
intercropping ratios compared with the sole crops.
The highest crop equivalent yield was recorded from
the  treatment T6  (i.e.  sesame  +  groundnut  in  I:2
ratio),  which  was  closely  followed  by  T2  (i.e.   sole

groundnut), T3 (i.e. sesame + groundnut in  1 : 1  ratio),
T4  (i.e.   sesame  +  groundnut  in  2:1   ratio),  T5  (i.e.
sesame + groundnut in 3: I ratio) and T7 (i.e. sesame
+  groundnut  in  1:3  ratio)  but  found  significantly
superior over sole  sesame.

The treatment T2 (i.e.  sole groundnut) recorded
maximum  groundnut  equivalent yield,  which  was
followed by treatments T3 (i.e.  sesame + groundnut
in  1 : 1  ratio), T6 (i.e. sesame + groundnut in  1 :2 ratio)
and  T7  (i.e.  sesame  +  groundnut  in  1.3),  whereas
there  was  no  remarkable  difference  was  observed
amongst T2, T3, T6 and T7.  However,  the mean data
indicated  the  overall  advantage  of  alternate  row
arrangement of sesame + groundnut.

Economics

The   benefit   cost   ratio   was    highest   in
intercropping  of  sesame  and  groundnut  in   1:2

proportion (1.75), while the cropping of sole sesame
and  sole  groundnut  had  benefit  cost  ratio  of  I.19
and  11.50, respectively but found at par with each
other.  This,  it  clearly  indicated  that  grc)wing  of
sesame in groundnut in 1 :2 ratio seemed to be viable
and  acceptable  proportion.  The  results  were  in
accordance  with  the  findings  of  Sethi  et a!.  (1992)
Nageshwar  et a!.,  (1995)  and  Bhilare  et aJ.,  (2001).
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Water Management for Dry Season Rice
in Salt-affected Coastal Soils

K.   R.  MAHATA*,  D.  P.  SINGH,  SANJOY  SAHA  and  A.   M.   ISMAILI

Central  Rice  Research  Institute,  Cuttack  -753  006,  Orissa

Rice  is the  main  crop  grown  under rain fed  condition  during  wet season  in  coastal  saline areas  of
India.  In  dry  season,  limited  areas  are  plantod  to  rice  utilizing  harvostod  rain  water.  Despite  water
scarcity, farmors in Orissa grow dry season rice for their food security.  In order to expand  rice area
in dry season, optimizing use of fresh water and using it in conjunction with saline water at relatively
tolerant growth stages are  important.  This study was  undertaken to generate  inlormation  on these
aspects.  Two  separate  on-farm  trials  were  conducted  at  Ersama  block  of Jagatsingpur  district  of
Orissa  during  2005-07.  In  the  first  experiment,  five  treatments  viz.  T,-irrigation  with  fresh  water
throughout  (control),  T2-irrigation  with  marginally-saline  water for  1  week  during  41-48  days  after
transplanting  (OAT),   T3-  irrigation  with  marginally-saline  water  for  2  weeks   dLiring  34-48   OAT,
T4-  irrigation  with   marginally-saline  water  tor  3  weeks  during  27-48  OAT  and  T5-  irrigation  with
marginally-saline  water  for  4  weeks  during  20.48  OAT  were  evaluated  with  two  rice  varieties
(Annapurna  and  Canning  7)   in   2005  and  2006.   In  the  second  experiment,  four  treatments:   T,-

::.nitrjr|::ti:np%djBgw(:::tf:;)i'r=8-a[ti:i:a6t'D°£D2wd:yesr:::rmdp':raepdp:?tr£:jccee:fa:jEt?dA::awp:trenra(PnA2Do#:
ln  2005,  irrigation with  saline water (EC  2.4-3.1  dsm-I) for four weeks  during  the vegetativo  growth
(20-48  days  after  transplanting;  OAT)  did  not  cause  a  significant  reduction  in  grain  yield.  In  2006
also.  irrigation  with  saline  water  (EC  2.44.8  dsm-1)  for  2  weeks  had  no  significant  effect  on  rice
yield,  but using  it tor 3  or 4 weeks  decreased the yield  by  nearly 40%.  In  tlie second  trial,  providing
fresh water irrigation  2 days  after disappearance of standing water during the vogotativo stage (10
OAT-Pl)  did  not  decrease  the  yield  significantly.  Howovor,  irrigating  the  crop  4  and  6  days  after
disappearance of standing water decr®asod the graiii yi®ld  by 30 and 480/a compared to continLious
flooding, respectively. The study indicated that marginally-sallno water could be used safely for two
wooks during the vegefative stage without any significant reduction in grain yield  under high saline
condition.  Further,  providing  fresh  water  iri.igation  2  days  after  disappoaranco  of  standing  water
during the vegefative stage  produced  as much yield as the continuous  ponding  of water.

(Kez| word: Rtce,  growth stage, saline waterTrngaton, u)ater management)

In coastal saline areas of India,  rice is the main
crop during wet season.  In  dry  season,  land  largely
remains fallow due to the lack of fresh irrigation water
and  only  limited  areas  are  planted  to  rice  utilizing
harvested rain water. In spite of water scarcity, famers
prefer growing rice for their food security, since yield
of wet season rice is low and uncertain due to various
abiotic  and  biotic  stresses  and  natural  hazards.  In
order to expand rice area in dry season, conjunctive
use of saline water at relatively tolerant growth stages
and fresh water at sensitive growth stages is important
(Rao  ef aJ.,  2001).  Continuous  ponding of water is  a
common practice for reducing damage due to salinity.
The intermittent ponding will\economize water use but
it may hamper the yield.  In  this study,  the effects of
using  saline  water  and  applying  fresh  water  after
disappearance  of standing  water  during  vegetative
stage on  rice yield were evaluated.

IVIATERIALS  AND  METHODS

Two separate on-farm trials were conducted at
Ersama  block  of Jagatsingpur  district  of  Orissa

during 2005-07. The soils were sandy clay loam in
texture,  with pH  5.7-6.2,  organic C 0.8-1.1%,  total
N 0.08-0.1% and available P  13.6-19.8 kg P ha-I. In
the  first  experiment,   five   treatments  viz.   T]-
irrigation with fresh water throughout (control), T2-
irrigation with  marginally-saline  water  for  1  week
during  41-48  days  after  transplanting  (DAT),  T3-
irrigation with marginally-saline water for 2 weeks
during  34-48  DAT,  T4-  irrigation  with  marginally-
saline water for 3 weeks during 27-48 DAT and T5-
irrigation with  marginaLlly-saline water for 4 weeks
during  20-48  DAT  were  evaluated  with  two  rice
varieties  (Annapuma and  Canning  7)  in  2005  and
2006   using   a   split   plot   design   with   three
replications.   In   the   second   experiment,   four
treatments:  T]-  continuous  ponding  (control),  T2-
irrigation  2  days  after  disappearance  of  standing
water   (DADW),   T3-   irrigation  4   DADW   and  T4-
irrigation 6  DADW were  compared with  rice variety
Annapurna in 2007 using a randomized block design
with four replications. The recommended agronomic

practices were  followed  in  both  the  trials.
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RESULTS  AND  DISCUssloN

The EC of irrigation water and groundwater in
the first experiment was 2.4-3.1  & 5.8-7.4 dsm-t  in
2005   and   2.4-4.8   a   4.2-6.1    dsm-1   in   2006,
respectively.  Depth  to  ground water table was  50-
80 cm in 2005 and 45-78 cm in 2006. The soil Ece
ln  treatments  T],  T2,  T3,  T4  &  T5  Was  3.9-7.0,   5.6-
9.3,  6.3-12.0,  6.3-12.3  &  6.6-12.3  dsm-I   in  2005

and  2.1-10.0,   2.1-11.4,   2.1-11.7,   2.4-12.4   &  2.6-

16.0  dsm-I  in  2006,  respectively.  The lower values
of the EC ranges were greater in 2005 than in 2006,
possibly because the land had previously remained
fallow during dry season and there was a terminal
drought  in  the preceding year.  The  field water  BC
in the respective treatments was  1.8-9.0, 2.4-10.5,
2.9-11.9,   3.2-12.1   a  2.5-12.7  dsm-1  in  2005  and
1.5-7.4,1.3-9.7,1.4-10.1,1.2-13.1  a  1.2-15.6 dsm[

in  2006.  Irrigation with  saline  water for  1-4  weeks
during  the  vegetative  growth  (20-48  DAT)  in  2005
did  not  cause  any  significant  reduction  in  grain
yield.  In  2006  also,  irrigation  with  saline water for
2 weeks had no significant effect on grain yield, but

TI                   T2                   T3                   T4                  T5
Fig.1.   Effect of saline water irrigation  during  vegetative stage`

on  grain  yield  of  rice  varieties Annapurna  and  Canning
7  during  dry  season,  2005

TI                    T2                    T3                    T4                    T5

Fig.  2,  Effect  of saline water irrigation  during  vegetatLve  stage
on  grain  yield  of  rice  varieties Annapurna  and  Canning
7  during  dry  season,  2006

25

TI                           T2                          T3                          T4

Fig.  3.   Effect of different  irrigation  schedules diiring vegetative
stage  on   grain  ylelcl  of  rice  variety  Annapurna  durlng
dry  season,  2007

saline  water  irrigation  for  3  or 4  weeks decreased
the yield by nearly 40%.  This was mainly because
of the  higher salinity of irrigation water compared
to  2005,  leading  to  greater  soil  and  field  water
salinity particularly during the reproductive stage.
In th`e second trial, the EC of groundwater and depth
to groundwater table were 9.2-14.8 dsm-I and  27-
43 cm,  respectively. The soil and field water EC  in
treatments T[, T2, T3 a T4 was 4.9-9.3,  5.6-12.3,  5.6-
12.7 & 7.6-13.3  and 2.0-3.2,I.8-3.5,  2.8-5.0 & 3.6-

6.4 dsm[, respectively. The grain yield was highest
when the crop was subjected to continuous flooding
(3-5 cm water depth). Providing fresh water irrigation
2 days after disappearance of standing water during
vegetative stage ( 10 DAT- PI) did not decrease the yield
significantly. However, irrigating the crop 4 and 6 days
after disappearance of standing water decreased the
grain yield  by 30 and 48% compared  to continuous
flooding treatment, respectively, due to the higher soil
and field water salinity.

The  study  indicated  that  marginally-saline
water  could  be  used  Safely  for  two  weeks  during
the  vegetative   stage  without  any  significant
reduction  in  grain  yield  of rice  under  high  saline
condition. Further, providing fresh water irrigation
2 days after disappearance of standing water during
the  vegetative  stage  produced  as  much  yield  as
continuous ponding of water.
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Quality of Irrigation Water and Their Effect on Soil Properties in
Coastal Region of Ramanathapuram District in Tamil Nadu
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A d®tail®d  study was  undertak®n to assess the quality of well waters and their intluence on soil
properties in the coastal belt of Ramanathapuram  disti.ict in Tamil  Nadu.  Based  on the distance
from  sea  coast,  45  soil  and  well  water  samples  were  colloct®d  (along  the  coastal  region)  and
were  analysed  for various  chemical  properties.  The  rosults  showed  that  in  the  water  samples
collected  from  the wens  situated  nearer to the  sea  coast contains  higher pH  (8.28 to  8.79)  and
EC   (2.04  to   9.20   dsm-1).   In  the  well  water  samples,  among  the  cations   Na.  (12.00  to  137.25
meqL-1)  was  dominant  and  among  the  anions  CI-(15.63  to  146.08  meqL-1)  was  dominant.  The
well  situated  more  nearer to  the sea  coast has  more  Na+,  Ca+2,  Mg+2.  K+ cations  and  S04.,  HCO.-,
COS]  anions.  The  amount  of solilblo  salt  ln  we[I  water was  higher  in  well  nearer to  sea,  which
indicates  the  intrusion  of sea  water.  The  soil  samples  also  collected  from  the  same  area  and
analysed  for  various  chemical  properties  and  computed  over  the  irrigation  water  qualities.  It
was  found  that  the  soil  samples  contain  higher  pH  (8.24  to  9.31)  and  EC  (2.07  to  6.92  dsm-I).
The  soil  samples  from  nearer  to  the  sea  coast  has  maximum   Na.,  Ca.I,  Mgtz,  K+,  SO,.,  Cl-,
HC03-and  COO-.  Significant  positive  correlation  was  obtained  between  the  pH  and  EC  of  the
irrigation  water  and  pH  and  EC  of the  surface  soil.  The  Na+,  K',  Ca`2  and  Mg+2  catjons  and  Cl-,

:n°d`.Magn+g:acts.;sa:loans,?,'swoa.t.e:nsdaT8'3:.::jr:n's°:::t:°nfeo?:::'!,::j'5a:::r:Lart,ea:eN:;'„r'Ca+a
(Keg words.. quality of ingatton ujater, Soil Chemieal Properties, Coastal soil)

In  India  the  length  of  coastal  strips  traverse
more than 8,129 kin along the East and West Coast.
Most  of the  ground  water  aiquifers  situated  along
the  shoreline  has  been  deteriorated  by  seawater
intrusion. The rapidly growing population in India
has too necessarily depends largely on ground water
resources  for  its  requirement  and  the  alarming
implication  of  this  heavy  dependency  of  ground
water resources  are  lowering  of water  -  table  and
consequent  drying  has  forced  the  farmers  to
deepening the wells. Under normal conditions, fresh

ground water from the land mass is discharged into
the  sea,  when  water  available  in  such  coastal
aquifers is extracted by pumping,  the flow into the
sea  decreases.  Then  the  seaward  flow  of  water
completely ceases and reversal of flow sets in, with
the sea water penetrating inland into the aquifers.
This   phenomenon   is   referred   as   "Seawater
Intrusion". Once this intrusion occurs, the salinity
level  of  the  outflow  from  the  well  shoot  up.  The

quality of water from these wells deteriorates beyond
the  tolerance  limits.  According  to  the  present
estimate,  the coastal  saline  soils  are  sprea.d  in  an
area of about 3.1  M ha and the brackish water area
is  about   1.4  M  ha  in  the  coastal  tracts  of  our
country. In Tamil Nadu the problem of salinity exist

both in coastal and inlands of Chengalpatt,  South
Arcot, Tanjore, Ramanathapuram and Kanyakumari
and  covered  an  area  of about  7,425  km2 (Paga.ria
and Totawat,  2007).  Preliminary  survey  indicated
that  the  soil  in  Ramanathapuram  district  along
seashore has been affected by salt due to the use of
ground water having high salinity.

Hence,   the   present   study  was  aimed   at
examining  the  quality  of  underground  irrigation
water and  their effect on  soil properties in  coastal
region of Ramanathapuram district of Tamil Nadu.

IVIATERIALS  AND  METHODS

Ramanathapuram district lies between 9°5' and
ilo 5' North latitude and 78°10' and 79°27' in east
longitude.  The  district  has  a  hot  tropical  climate,
temperature rising from 31.5°C (Min) to 39.1 °C (Mar)
with a mean annual temperature of 29.89°C. It has
total geographical area of 4.23 lakh ha and is divided
into   seven   taluks   viz.    Kadaladi,    Kamuthi,
Muthukulathur,  Paramakudi,  Ramanathapuram,
Rameswaram and T'  :ruvadanai.  Among the seven
taluks  in  Ramanathapuram  district  three  taluks
namely        Kadaladi,        Thiruvadanai        and
Ramanathapuram are mostly affected  by seawater
intrusion.  To  study  the  quality  of  well  irrigation
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water and soil samples three taluks along the coastal
region  had  been  selected.   From  each  taluks   15
locations  were  identified  based  on  the  availability
of wells  and  distance  form  sea.  Altogether 45  soils
and  water  samples  were  (Table   1)  collected  and
analysed by using standard methods.

RESULTS AND  DISCUssloN

Water samples

The results are given in Table 2. The pH of water
samples  ranged   from  8.27  to  8.79.  The  EC  was
varied  between  2.04  dsm-1  and  19.20  dsm-I.  The
Ca+2, Mg+2, Na+ and K+ content of well water samples
were varied between 2.39  -9.42 in-I, 4.83 -35.8542
meqL-i,12.0 -137.25 42 meqL-land 0.639 -I.38842

:oenqt:-:ir::::C;:Vr::yd?rhoemc[]5S6°34=t'oCP43;.#4gcm°3,
1.92   to   10.57  42   meqL`],   0.61   to  2.58  42   meqL-1
and   3.07   to   12.80   42   meqL-I,   respectively.   The
variation in pH and EC might be due to hydrological
influence  of  seawater   (Mahendran,   1999).   Well
waters were mostly alkaline in reaction and  saline
in nature. Their salinity increases with decreasing
distance  from  sea  shore.  The  high  sodium  and
chloride concentration of ground water is a definite
proof of seawater intrusion. The ions concentration
of well waters varied signiricantly with the variation
in distance from sea. This variation might be due to
the mixing of seawater with the well water. This was
in  close  agreement  with  the  findings  of Baskaran
(1994).
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Soil  samples

The  results are given in Table  3.  The pH of soil
samples  ranged  between  8.24  and  9.31.  The  EC
varied  form 2.07  to 6.92 dsm-1.  The  Ca+2,  Mg+2,  Na+
and K+ content of surface  soil samples were varied
between   12.7  to  66.2  meq  kg-I   soil,   16.4  to  59.2
meq kg-I  soil,14.1  to  62.9  meq  kg-1  soil  and  1.8  to
15.5  meq  kg-I  soil,  respectively.  The  Cl-,  S04=  and

i:q°k3;:°s:]t]#67::e]Vga6r]ideqfrk°gTs8o:,,89t3°t::8:
meq kg-I  soil,  respectively. This trend in Ca+2, Mg+2,
Na+,  K+,  Cl-,  S04=  and  HC03-content  in  lrrlgated
soil  showed  that  there  was  a  possibility  for  build
up  of  salt content  in  the  irrigated  soils.  The  salt
accumulation in soil was closely related to the salt
concentration  of  irrigation  water.  This  is  in  close
agreement with findings of Baskaran ( 1994).

Correlation  studies

Significant  positive  correlation  was  obtained
between  the  pH  of the  irrigation  water  and  pH  of
the  surface  soil  (Table  4).  The  EC  of the  irrigation
water has positive  relationship  with  the  EC  of the
soil  suspension  of irrigated  surface  soils.  The  Na+,
K+,  Ca+2 and Mg+2 cations and Cl-,  S04] and HC03-
anions  content  in  well  water  were  found  to  be
positively  correlated  with  Na+,   K+,  Ca+2  and  Mg+2
cations and Cr , S04- and HC03-anions in Irrigated
surface  soils.  A  close  relationship  of the  soil  and
that of irrigation water was also reported by Nayak
et a'.  (2001).

Table  1. The l\st Of the Villages selected for collection Of soil arid u)ater samples

I`ocatlon Ramanathapuram Distance Thiruvadanai Distance Kadaladi Distance
taluk (B I) from sea(kin) taluk (82) from  sea(kin) taluk (83) from sea(kin)

1. Devipatmam 2 Machur 2 Naripayur 2

2. Perunkulam 3 Oornankudi 3 Erwadi 3

3. Pathanenthal 4 Alagathevan  kottai 4 SiraikuLan 4

4. Thirupulani 5 Pullur 5 Sayalkudi 5
5. Vannankundu 6 Thumbadikakottal 6 Keelakidaram 6
6. Ragunathapuran 7 Armur 7 Kokkarasan  kottai 7
7. Kuyavan kudi 8 P.T.kottal 8 Peikulan 8
8. Kavanoor 9 R.S.Managalam 9 Kurichikulan 9
9. Kuthakottai 10 Kattimangulan 10 Orivayal 10

10. Thoruvalur 12 Sengudi 10 M.Karalsalkulan 12

11. Achadipiranbu 14 Varavani 14 Avathandai 14

12. Raja§uryamadia 15 Kakoorani 15 Marandal 15

13. Vellamarichukottai 17 ThiruvadanaJ 17 Panivasal 17

14 Soornakottal 18 Attur 18 Appanur 18

15. Achuthanavayal 20 Anayur  kotta]. 20 Oruvanenthal 20



Irrigation  water quality and soil  property 29

Table 4.  Correlation and prediction equation for inter related chc.rcLcters (X) and related c`haracters (Y)

S.   No. X variable Y  variable Prediction  equation I R2

(water samples) (soil sample) Dependent variable  (X)

1. pH pH Y  =  0.327844  +  I.380254  X 0.98 0.96

2. BC EC Y  =  0.327844  +  I.380254  X 0.98 0.96

3. Ca Ca Y  =  0.860363  +  0.531826  X 0.72 0.52

4. Mg Mg Y  =  0.179558  +   1.225061  X 0.98 0.96

5. Na Na Y  =  0.043655  +   i.312207  X 0.98 0.96

6. Cl Cl Y  =  0.139752  +  8.253606  X 0.98 0.95

7. S04 S04 Y  =  0.01764  +  0.045445  X 0.98 0.97

8. HC03 HC03 Y  =0.114616  +  0.740071   X 0.98 0.96

waters  varied  significantly  with  the  variation  in
distance from sea. The continuous irrigation of such
water would cause deleterious effect on soil. Again
if irrigation  water  was  repeatedly  evaporated  and
transpired by plants from a given mass of soil,  the
salt  content  of that  soil  would  increase  and  as  a
result  the  soil  would  eventually  become  injurious
to plants.
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Economic Appraisal of Fresh Water Skimming Techniques in
Coastal Aquifers of Andhra Pradesh -A Case Study

M    RAGHU  BABu*,  Y.   RADHA  KRISHNA  and  V.  SANKARA  RAO

AICRP  Saline  Water  Scheme,  Bapatla  -522101,  Aandhra  Pradesh

Solutions  tlltough  skimming  tochniqu®6  w®r® `con6idJored   on  a   rogionaL-porsp®ctjve  for
sustenance  of  technologies  and  their  operational  strategies   in  the  coastal  area.   Besides
execution  of these technologies, their economic viability and social acceptance at the farmers'
Ievel   are  equally   important.   This   is   because;   socio-economic   upliftmont  of  the  farming
community is the ultimate concern of any agricultural  rosoarch activity/investment. The economic
viabiliti®s  and  social  acceptability  of skimming  technologies  were  also  ascertained  in  addition
to their tochnical feasibilities. The economic appraisal of the improved technologies at farmers
level  -using   discounting   techniques   revealed   that  Collector  with   horizontal   collector§
contributes  higher  benefits  to  the  farmers  followed   by  multi-strainer  tube  well  and  shallow
tube  well  technologios.  The  study  has  revealed  that  the   improved  fresh  water  skimming
techniques outlined  have promising future  prospects for sustaining  crop production  along the
coastal  belts.

(Key  words:  Collector u)ell,  Multi-strainer uiell,  Shallou) tube u)ell,  Dlscouutmg techrLiques)

While  the  inland  ground  water  reserves  are
over-exploited by way of unscrupulous pumping, the
coastal aquifers are exposed to a serious threat by
seawater intrusion. The coastal belt crop production
solely  depends  on  the  fresh  water  aquifers  levied
with a limit on well pumping.  Rainwater harvesting
along  a  coastal  belt  would  serve  the  purpose  of
keeping the  saline  sea water - aquifer fresh water
interface  at  safer  levels  during  pumping.  Hence,
solutions  through   skimming  techniques  were
considered on a regional perspective for sustenance
of technologies  and  their operational  strategies  in
the coastal area. To harvest the  large quantities of
shallow depth fresh water without quality changes
in coastal sandy soils, AICRP- Saline Water Scheme
developed  Skimming Well Technology.  The  system
is  an  alternative  to  traditional  c!oruLJus,  popularly
known as Improved DoruL/u Technology to skim the
fresh water floating over  saline  ground water.  The
system consists of a sump connected with bi-lateral
horizontal  radial  collector  lines.  The  sump  dia.,
collector lines length and depth may vary according
to  the  water requirement of a farm. The  bottom of
the  sump  may  seldom  sealed  depending upon  the
quality  of water  at  the  bottom  of the  sump.  Also
during the recent past,  innovative a.nd progressive
farmers  tried  to  install  shallow  depth  (4.5  -6.Om
deep)  low discharge  tube  wells  and  multi-strainer
bore wells with varying designs in Andhra Pradesh
and Tamil Nadu to tap the top layered shallow depth
fresh water.

*Corresponding author:  E-mall:  rmowa@yahoo.co.in

In addition to the hydraulic performance of the
above  skimming  systems,  the  economic  appraisal
of fresh water  skimming technologies is  essential,
as  the  economic  viability  of  these  technologies
enable  the  farmers  to  plan  and  implement  these
technologies in their fields. With this major objective,
this study was planned during the year 2004-06.

MATERIALS  AND  METHODS

The field studies were conducted in coastal sandy
soils in and around Bapatla in Guntur district, Andhra
Pradesh,  where  different  conventional  as  well  as
improved skimming structures are in Vogue. The study
locations  are  situated  in  Bapatla,  Karlapalem  and
Pittalavanipalem  mandals  of Guntur  district.  For
studylng the economic viability and social acceptability
of  the  selected  improved  ground  water  skimming
technologies,  the  perceptions  of  both  the  sample
farmers and  offlcials were taken  into  consideration.
The  following  are  the  important  tools  of  analysis
employed  for drawing meaningful  conclusions  (Ravi
ct aJ„ 2006)  from the collected data/information:

1.  Kruskal-Wallis H - test  : This was employed to
study   the   effectiveness   of   these   improved
technologies in  improving the agri-business of the
sample farmers.

H=
12

N(N+1)

R12           R22-+-+
nln2

-3   (N+1)
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where, nl, n2 .... nk are number of items in each of
k' samples,  N  =  nl+n2+...nk and  R1,  R2  ...  Rk are
the sums of the ranks given to observations in each
samples.

2. Chi-Square teat: This was studied to analyze the
impact  of  selected   improved   technologies   in
improving both crop yields and irrigation efficiency
over traditional method.

r:2-- (fo -fe)2

fe

where,  fo  -  Observed  frequency,  fe  -  Expected
frequency

3. Garretts Ranking test : This was used mainly to
rank different ground water skimming technologies
based on the.perceptions of the  sample farmers in
a.ccordance   with   various   parameters   under
consideration.

The  ranking  of  these  different  ground  water
skimming  technologies  was  based  on  the  rank
values  (in  terms  of per  cent  position)  assigned  to
the above parameters. The selected parameters were
ranked for each  technology in  accordance  to  high,
medium  and  low  benefits  due  to  each  selected
technology and on the basis of priority from 9 to  1.
Later  the  ranks  of  the  parameters  for  each
technology were  converted  to  percent  position,  as
by the formula given below. The average value of all
the percent positions of selected parameters for each
technology  was  worked   out  and   the   selected
technologies were ranked (prioritized) based on the
average values.

Per cent position =
100  x  (Rij  -0.5)

Where, Rij = Rank given to ith parameter byjth individual

Nj = Number of parameters ranked byjth individual

4.   Discounting   techniques   :   Discounting
techniques'su\ggested  for  drainage  projects  (Datta
and Joshi,199l  and Raghu Babu, 2006), were used
to  appraise  the  economic  viability  of  the  selected
improved  technologies  at  the  farmers'  level.  They
include viz.,  Net Present Worth(NPW),  Benefit-Cost
Ratio(BCR)   and  Internal  Rate of Return  (IRR).

RESULTS AND  DISCUssloN

1.   Effectiveness  of  the  selected  technologies  in
improving  the  agri-business  at  the  farmers'
level  -Kruskal-Wallis  H-test

The results in Table  I reveals that, the selected
modern  technologies  were  found  effective  towards
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improving agro-economic parameters in the selected
command, as indicated by the non-significant Chi-
Square calculated value  (0.20).

Table 1. F`arrners' preferences of differen:i ground
water skimming technologies

S. Technology Avg. Garretts
No. Value Rank

I. Collector  well 81.17 I

2. Shallow tube well 68.92 1„

3. Multi-strainer  tube  well 73.69 11

4. Traditional method  (Doruvu) 54.14

2.   Impact  of  selected  improved  technologies  on
yields  and  irrigation  efficiency

Chi-Square  test  was  employed  to  study  the
impact  of  selected  technological  interventions  on
yield and irrigation efriciency increase in the selected
irrigation command. The analytical findings reveals
that, the executed technologies at the farmers level,
yielded   significant   benefits  both   in   terms   of
increasing  yields  and  irrigation  efficiency  in  the
selected command,  as indicated by the  significant
Chi-Square calculated values.

3.   Garrett's  F`anking  Test

The result in Table  I  reveals that, collector well
was ranked first by the sample farmers followed by
the multi-strainer tube well  and shallow tube well
over traditional  method,  as  indicated  by the  score
values.  Shallow  tube well  and  multi-strainer  tube
well recorded less score values because of poor water
quality as wells as priming problems.

4.   Impact  of the  selected  improved  technologies
on agri-business of the farmers

lt is evident from the result table 2 that, all the
important agro-cconomirc parameters viz„  cropped
area,  yield  levels  of major crop  (ground  nut),  land
value  and  rental  value  of  land  were  increased  in
the study area due  to the effective implementation
of  the   improved  technologies  over  traditional
method. To  be  more  precise,  Radial collector wells
recorded more benefits over shallow tube wells and
multi strainer tube wells to the farmers.

5.   Economic     appraisal      of     the     improved
technologies at the farmers level

Discounting techniques viz., NPW, BCR and IRR
were  employed  to  study  economic  viability  and
technical feasibility of the improved technologies at
the farmers' level. These techniques are important,
as  they  take  into  ronsideration  both  the  time
element  and   market  rate   of  interest  of  the
investments made in the production programme.
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Table 2. Impact Of the selected improved technologies on agn-busmess of the fdrTners

S.No. Items Tradi-tional Radial  collector  well Shallow tube well Multi  strainertubewell

B efore          After Before        After Befo re        After

1 Cropped area (ha)
15.195.1721.I

23.2               30.0 6.0                8.0 6.0                7.2

234 Share of irrigation cost intotaloperationalcostofcrop`(%)Economicefriciencyofirrigationwaterresource#YieldlevelsOfcrop*(qtls/ha) 10.895.9028.1 11.165.2326.7 11255.5127.3

5 Land value  (Lakh.  Rs/ha) I.20 1.60 1.35 1.35

67 Rental value of leased inland(Rs./ha/year)Averageannualincome/farmer(Rs/year)@ 600043000 900069000 750067100 750067580

Note .  * -Ground nut crop, 'Net returns/  Irrigation cost incurred, @ -Groundnut+Summer crops

Table 3. Econonue appraisal Of improved technologies at the fuTners' level at cx>ristortl input and output pnces

Techniques/Period Collector  well Shallow tube  well Multi-strainer  tube well

10 years 31813 15688 27821

20 years 53716 30412 47993

25 years 58926 33914 52791

10  years I.27 0.70 1.14

20 years 2.15 i.35 1.96

25 years 2.36 1.51 2.15

For    the    improved    technologies    to    be
economically viable,  NPW  should  be  greater  than
zero,  BCR  should  be  greater  than  one  and  IRR
should  be  greater  than  market rate of interest  or
opportunity cost of capital. The analytical findings
presented through table 3 reveals that, the selected
improved    technologies    were    found    to    be
economically viable,  as  indicated  by the values  of
NPW, BCR and IRR for the overall period of 25 years
and even for sub-periods viz.,10 and 20 years. This
implied  that,  the investments at the  farmers' level
contribute  higher  incomes  to  the  farmers  in  their
agri-business.  To  be  more  precise,  collector  wells
contributes higher benefits to the farmers followed

by  multi  strainer  tube  well  and  shallow  tube well
technologies. It is important to note that, in case of
shallow tube well and multi strainer tube well, the
wells needs to be re-installed in different locations
by  changing  the  materials  once  in  4-5  years.  It
involves  additional  labour costs  for installation of
the systems.

It  can  be  concluded  from  the  study  that,  the
selected  skimming  technologies  were  found  to  be
technically feasible and economically viable in the
farmers' I-ields. Their execution in the farmers' fields
improve the agri-business through Increasing both

physical and  economic  water use  efficiencies over
traditional method. Further, the land values will be
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improved  through  construction  of  shallow  depth
skimming  structures  and  accordingly  the  rental
value  of  land.  To  be  more  precise,  collector  well
technology recorded more benerits over shallow tube
wells and multi -strainer tube wells to the farmers.
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A Mechanized Tool for Mango and Coconut Harvest
K.  P.   KOLHE.,  K.  G.  DHANDE,  P.  U.  SHAHARE  and  V.  T.BADHE

College  of Agril.  Engineering  and  Technology,  Dapoli
Ratnagiri,  Maharashtra  -415  712

Tractor mounted  hydraulic olovator (TMHE), a mechanized tool,  has  been developed and testod
for  harvesting  of  mango  and  coconuts.  The  exhaustive  field-testing  of  TMHE  on  mango  and
coconut orchard was conducted on plano and sloppy land upto 20.5 per cent slope on  University
farm  and  farmers'  field.  The  comparative  study  of  avallablo  olovator  for  mango  and  coconut
harvesting  has  been  studied.  The  cost  of TMHE  is  Rs  1,30,000.  The  observed  field  capacity  ol
the  developed  TMHE  is  2800  mango  (700  kg)  per day  and  4,524  coconuts/day.

(Keg uiords: Tractor mourtled hydroutic elevator,  Biometnc parameters, Harvesting time,  Coconut,
Mango)

The  area  of producing  horticultural  fruits  in
Maharashtra  state  in  2006-07  was  73000  ha.
Konkan  region  is the  narrow  strip  of 40  kin width
and 750 kin of length from North to South is a hilly
terrain  lying between  Sahyadri  ranges  in  the  east
and  Arebian  Sea  in  the  West.  The  production  of
coconut  in  Maharashtra  state  is  273  million  nuts
during 2006-2007. The Konkan region is located  15°
36'  to 20° 21 ' North latitude and 7°7' to 74°13' East
longitude. The region is comprised of four districts
viz. Thane, Raigad, Ratnagiri and Sindhudurg. The
hilly  terrain  receives  heavy  rainfall  ranging  from
2000-4000 mm per annum. The climate is hot and
humid  almost  throughout  the  year.  The  climatic
conditions  are  suitable  for  growing  various  fruit
crops.  The total  geographical  area  of the  region  is
29.5 lakh hectares, out of which 9.5 lakh hectares
have  been  brought  under  cultivation  of  different
crops.  Land  under  forest  i§  5.54  lakh  hectares,
arable land is 5.34 lakh hectares, land put to non-
agricultural uses in  1.93  lakh hectares,  cultivable
waste  land   is  3.85   lakh   hectares,   permanent
pastures and other grazing land is 1 . 19 lakh hectare
and land under miscellaneous crops is 0.47, fallow
land 3.08 lakh hectare and net sown area 8.39 lakh`
hectares.

Konkan region is well known for the horticultural
fruits like rna r`go, sapota, coconut, cashew, konkam,
etc.  However,  these  horticultural  fruits  like  mango

(Alpha.nso  variety)  and  coconut  (T/Dvariety)   are
preferred for their better test and more uniformity.
The manual harvesting of these fruits is drudgerious
and time consuming. During peak season, it is very
difficult  to  get required  number of skilled  labours.
Manually  operated  tree  climbers  was  developed

during 1980s have some operational problems and
limited   Safety  for  harvesting  coconuts.   It  also
requires  adequate  skill  and  training.   Manually
operated  low  capacity  gadgets  and  tree-shaking
methods  also  prevail,  which  are  time  consuming,
drudgereous, damaging to fruits and tree branches.
The fruits should not be allowed to fall on the ground
as the injured fruits cause spoilage to other healthy
fruits.

Harvesting of coconuts in India is mostly done
manually by mea.ns of curved knife, pair of scissors
or blades attached to a hanging basket towards one
end of a bamboo sticks (Devnani,1980). In countries
where  there  is  shortage  of skilled  labour the  nuts
are  not harvested  and  allowed  to  fall  of their  own
accord  and  the  fallen  nuts  are  collected  from  the
ground at intervals (Thampan,1983). In Sri Lanka,
harvesting  of coconut  done  from  the  ground  with
the help of a knife attached to a long bamboo pole.
Coconut  harvesting  by  this  device  is  very difficult
for the tree of more height, and only trained persons
can  operate  it.  The  Tractor  mounted  hydraulic
elevator for the horticultural fruits was remodeled
for  the  harvesting,   spraying  and  pruning  of
horticultural fruit trees (Kolhe and Dhande, 2008).

IVIATERIALS  AND  METHODS

The  biometric  parameters  of  tree  like  tree
height, tree crown, average yield etc of coconut nuts
and mango were considered for the development of
Tractor   mounted   hydraulic   elevator   (TMHE).
Accordingly, the different machine components are
fabricated  and  assembled  together  at  Dr.   B.S.
Konkan  Krishi  Vidypeeth,  Dapoli.  The  design  was
conceptualized  by  considering  farmers  needs  and

+Corre sponding author: E-mall: kishor_kolhe©ediffinatl. com, k.ishor_clce@)ahoo. co.in
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available  equipments  in  the  market  as  input
following the  concepts of engineering like  Product
concept,  design  engineering,  drafting,  process
planning, production scheduling, quality control etc.
Some physical features of mango and coconut tree
where this machine was used are given in table  1.

Table  1. Plvysical parameter Of tree for
deuelopmeut of THME

Specirications Mango Coconut
(Alphanso (T\D)

Spacing between  two  trees  (in) 10 7.5

Tree  Height 10 15

(avg.  of ten  replications)  in
3 2Tree  Canopy radius

(avg.  of ten  replications)  in
25 12Tree  Age,  (avg.  of ten

rcplicatlons)  year

250 100Number  of fruits/tree.

Design  Procedure

The above TMHE is designed  by studying the
horticultural  trees  biometric  parameters  of  the
horticultural  trees.  The  total  height  of  lifting
mechanism  is  finalized  considering  the  height  of
trees upto  12.20 in. The lengths of lower and upper
links  are  fixed  4.00  and  4.50  in respectively.  The
experimental  load  lifting  capacity  of  the  tractor
mounted hydraulic elevator is 5,886 N including the
live  and  dead  load.  However  the  theoretical  load
lifting capacity of the elevator is 9810 N. The factor
of safely was 1.6, which indicates the safe operation.

Development of TMHE

The turntable of the elevator is mounted on the
three-point  linkage  of the  tractor.  The  equipment
comprises  a  hydraulic  pump,  hydraulic  motor,  a
tank, flow control valve, hydraulic cylinder, direction
control va.Ive, the harvesting link, harvesting bucket.
The hydraulic pump is driven by tractor PTO.  The
oil  is  pumped  to  the  cylinder   1   and  cylinder  2;
however one end  of the  cylinder is attached  to the
turntable and other end to the lower link. The one
end  of cylinder 2  is connected  to  that link and  its
second end is attached to another link. The now of
oil for both the cylinder controlled by the direction
control valve. The oil is pumped by hydraulic motor
to lift the two links. The up-down motion upto  15 in
height and the rotary motion upto 360° ( 180° in each
direction)  is  provided  to  the  link  AB,  CD  and  the
turn  table.  The  machine was comfortably used for
harvesting mango fruits upto  15 in height (ground
clearance  1  in + maximum reach of elevator 7.80 in
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+ operator reach  2  in +  reach of mango  harvester
3.20  in).  The  design  permits  360° rotation  of the
elevator link  about  its  longitudinal  axis.  The  link
absorbs some reactive force of the elevator without
causing  excessive  vibration  of the  link  when  the
elevator is in operation. The link and the turntable
action  is controlled  by  the valve  and  its  pressure
on the link is controlled by an adjustable relief valve.
The  material  for  the  above  fabrication  work  is  as
per AS'I`M specirications and metaljoining process are
selected according to the thickness of the metal plate
to  be joined  (Kolhe  and  Datta,  2007).  The  Tractor
mounted  hydraulic  elevator  is  used  for  mechanical
harvesting  of  mango  and  coconut  trees.  The
experiments were conducted to decide the maximum
load capacity of the elevator maximum reach position
to lift the loaLd. The research was conducted on mango
trees and coconut trees at University farm of Alphanso
aLnd T/ D variety respectively. The testing was held in
the month April -  May 2008  for mango tree and  for
the month of February - March 2009 for coconut trees.

The  supporting wheel of 30  cm diameter,  4  cm
width and 6 mm thickness is designed and developed
for the better stability of tractor-mounted elevator in
field. The total live load of TMHE in operating condition
is  balanced  by  the  supporting  wheel.  The  wheel  is
designed in such a way that the position of this wheel
can  be easily adjusted in  sloppy land.  During field-
testing of the  machine  these  modifications  resulted
in better stability of the elevator. The maximum load
of  600  kg  can  be  placed  in  harvesting  bucket  in
maximum reach position without affecting the tractor
stability.  The  slope  of land  was  measured  by using
level tube at various locations.

RESULTS AND  DISCUssloN

The  biometric  parameter  of coconut  tree,  the
maximum  and  minimum  height  and  stem  girth
noted for the coconut (T/D) variety are 640 cm,  1080
cm and  77  cm,  126  cm  respectively are  presented
in Table  2.  From  the  above,  signiricant relation  is
observed  between  the  tree  height  and  steam  girth
of coconut trees. The different coconut distribution
and  coconut  maturity  time  for  tree  to  tree  for  the
same  age  group  tree  are  noted.  These  changes  in
biometric parameters are due to the soil condition,
fertilizers  and  water  distribution  for  the  tree  and
uneven  atmospheric  condition.  The  results  of the
hydraulic elevator for mango and coconut harvesting
are shown in table  3.  The  harvesting  time  and  the
number of coconut harvested for different trees are
changed   from  tree  to  tree.   Hence  there  is  no
significant  relation  between  the  harvesting  time,
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Table 2.  Btometnc parameters ancl Machme perforrr.c.nee of coconut Orchc}rcls

Sr.   No. Tree  No. Biometric  parameters Machine  Pe:rformance

HOT SG CD HST HCT
1 ' ' TRH

CHPT

nJ (cm) (cm) (min.) (min.) (min.) (min.)

I 54 7.50 96 8.90 8.45 8.50 5 10

2 55 6.70 89.5 9.10 8.50 8.55 5 39

3 56 8.40 101.5 9.70 8.55 8.60 5 23

4 89 6.30 115.5 10.60 8.60 8.62 2 5

5 90 8.90 99.5 9.30 8.63 8.65 2 14

6 161 8.0 106 9.90 9,13 9.14 I 11

7 162 7.30 108.5 8.30 9.14 9.15 I 22

8 163 7.40 116 10.60 9.16 9.19 3 31

9 164 7.20 88 9.20 9.19 9.22 5 34

10 197 7.20 92 8.20 9.25 9.26 I 12

11 200 65 77 8.90 9.28 9.30 2 2

12 233 7.80 91 9.30 9.31 9.33 2i 17

13 234 7.30 1265 9.10 9.34 9,35 20

14 235 6.40 97.5 10.10 9.38 9.39 2

15 236 10.20 103 11.20 9.39 9.40 I 12

16 269 7.90 98 9.30 10.32 10.37 5 12

17 270 9,10 115.5 10.10 10.37 10.40 3 19

18 271 9.45 121.5 9.90 10.41 10.45 4 27

19 272 10.80 101 8.60 10.45 10.48 3 5

20 306 8.10 99 9.60 10.49 10.52                  3                        16

Table 3. Performance of the hydraulic elevator for mango and cocoTut harvesting
(oug. Of tlITee replieahons)

Sl.   No. Particulars Mango Coconut

I Period  of trials,  day i 1

2 Number  of fruit  harvested  per hr 350 377

3 Number  of fruit harvested per  day 2800 4,5244,524

4 Weight of fruit  harvested,  kg/hr 87.5

5 Capacity  of Hydraulic  elevator  (kg/day) 700

6 Capacity  of hydraulic  elevator  (No.  fruits  per  day) 2800

harvested nut and  tree  height for the coconut tree
due to variations in  fruit maturity period,  number
of nut,  and  tree  height  varying  from  tree  to  tree.
The TMHE  can  be  economically  and  piously  used
for harvesting of cocon`i t and other orchard fruits.
The coconuts were harvested from one-hectare area
in one  day.

Performance of machine on slope

The machine performance including hydraulic
start  time,   hydraulic  close  time,   time  required
harvesting   coconut   and   number   of  coconut
harvested  per  tree  is  shown  in  table  2.  From  the
above table 3, the number of coconut harvested per

hour is 377 coconuts per hour. The  13-coconut tree
is comfortable harvested by usmg thls TMHE in one
hour.  The  hydraullc  elevator  can  be  comfortably
operated on plane land. The performance of machine
on sloppy land was tested at different slopes ranging
from  2.6  per  cent  to  20.5  per  cent.  Beyond  12  per
cent slope, instability was observed i.e.  front lifting
of tractor   Hence  beyond  12  per cent  slope of land,
the  elevator  was  operated  in  reverse  direction.  It
was comfortably operated in reverse direction upto
20.5   per  cent  slope.   Hence  machine   should   be
operated on the sloppy land up to  12 per cent slope
in  forward  direction  and  for  12-  20.5  per  cent  in
reverse  direction.
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Table 4.  Companson Of developed elevator with AAU and TNAU elevator
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Sl.   No. Particular AAU  elevator TNAU  elevator Dr.  BSKKV  elevator

I2 Harvesting,  pruning,  andsprayingoperationLiftingmechanism Manually Manually Manually

Semi  automatic Semi  automatic Automatic

34 Movement  of machineplatformMachinemountingsource Vertical with  InclinedTractortrolley In vertical  planeCiroundwiththree |80°  on  each  sideTractorthreepoint

point  Linkage linkage

56 Number of trees coveredfromonelocationMaximumliftingheight One7.5m One95m Four12.20  in

Field  performance  of the  machine

Fruit  harvesting  :  The  hydraulic  elevator  was
evaluated  for  harvesting  the  mango  and  coconut
from  trees.  The details of the results are  shown in
table  2.  The  machine  was  comfortably  used  for
harvesting  the  mango  fruits  upto   15  in  height
(Ground clearance 1 in + maximum reach of elevator
7.80  in  +  operator  reach  2  in +  reach  of harvester
3.20  in)  ii)  Tree  pruning:  -The  hydraulic  elevator
was used  for pruning operation up  to  10 in height
comfortably using the saw.

Comparison   with   the   other  tractor  mounted
elevator

lt  was  observed  that  the  traditional  elevator
could  lift  vertically  up  and  down  movement  and
required additional mounting device for the elevator.
The  operation  of  these  elevators  in  field  will  be
difficult. The comparisons of available elevator with
the developed elevators are  presented in Table 4.

It was found that the elevator developed at Dr.
B.S.  Konkan Krishi Vidyapeeth (Dr. BSKKV) is more
suitable' for  mango  and  coconut  harvesting  and
other orchard works like spraying and pruning upto
15 meter and pruning of tree upto 10 meters height.
The hydraulic elevator is  suitable for operation on
plain field as well as hilly terrain having slope upto
20.5  per cent.
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Development and Evaluation of Salt Tolerant Rice
Genotypes for Coastal Saline Areas of Eastern India

P.  SEN*,  K.  R.  MAHATA  and  D    P.  SINGH

Central  Rice  Research  Institute,  Cuttack -753006,  Orissa,  India

in eastern +rrdfa, ¢oasta+ oelin® aTees.xtond ore+ about 1.5 in ba`i+om North-24            ria€ jA-
West Bengal to Ganjam  in Orissa. The entire area is mostly rain fed and mono-cropped with  rice
during  the wet  season  (WS).  During  the  dry  season  (DS),  rice  is  grown  in  limitod  areas  using
harvested  rainwater.  Erratic  ralnfall,  abiotic  s(ressos  (salinity,  drought,  submergence)  and
natural  calamities  (storms  and  cyclones)  ln wet Season  result ln  low yields  (1.0-1.5 t ha-1)  and
occasional  crop  failure  (CSSRI  Bulletin  No.  7,1981).  Salinity  is  more  intense  in  DS  with  wide
spatial  variabllity.  The farmers  gen®rally  grow tradi(ional  varieties  in  WS  and  impTovod  short
duration varl®ties in DS. Majorlty of them are resource poor with marginal to small  land holdlngs.
In  order  to  ®nhanc®  rice  productivity  and  ®nsur®  food  S®curity  ln  this  fragil®  ecosystem,
dev®lopmont and evaliiatlon of rice 9onotyp®s with int}uilt (ol®ranc® to salinity and water logging
for WS  and  liighor lev®l  of sallnity tolerance for DS  is ®ssential.  Landrac®s from  coastal  saline
areas  were  collected  and  evaluated  under  both  controlled  condition  (EC  8  dsm-1)  and  flold
condition  ln  the  target  ®nvlronmont  to  idontify  sultabl®  Salt  tolerant  donors.  The  breeding
programme  was  undertaken  for  incorporating  salt tolerance  Into  high  yielding  varletles  from
those donors. The elito breeding lines dov®lopod at CRRI and lRRl, Pliilipplne8 for both WS and
DS  along  with  a  few  selected  salt tolerant  vari®tlos  and  I)oplJlar  landracos  wore  ®valuated  in
salt-affected  coastal  areas  ot Jagatslnghpur district,  Orissa  during  2004-2007.  The  EC  of soil
(saturation  extract)  and  field  water during  the  cropping  season  was  measured  p®riodlcally.  It
was  2.4-14.3  and  1.0-6.0  dsm-' in  WS  and  3.9-12.0  and  3.8-7.8  dsm-1 in  DS,  respoctlv®ly.  Based
on  the  trials  for  three  §ucc®Ssiv®  years,  CR  2096-71-2,  CR2093-7-1.  CR  2070-52-2,  SR  268,
Lunishr®®  and  Patnai  23  for WS  (graln  yi®Id  3.2-6.0  I tla-1)  and  CR  2473-9-136-1,  CR  2472-1-6-2,
CR 2485-7-3-45-1,  lR 72046-B-R-3-3-3-1,  lR 72593-a-19-2-3-1, CSR 4 and Annapurna for DS (grain
yield  3.a-3.6  t  ha-1)  were  found  promlsing.  Higher yields  ln  WS  w®ro  recorded  in  2004,  which
was  a  favourable  year.  Some  of these  gonotypos  have  been  selected  by  the  farmers  througri
particlpatory  varietal  selection  (PVC).  Th®  lines  CR  2096-71-2,  CR  2093-7-1   and  CR  2070-52-2
were evaluated in the All India Coordinated Rice lmprov®ment Programme (AICRIP) under SATVT.
The  first  two  were  found  promising  for  coastal  saline  soils  and  the  last  one  for  8odic  Soils.
So®ds  of promising  varlotios/lines  were  multlpll®d  for the  dissemination  in  2007  WS  through
baby trials.

(Eey words: EualuatLon, Genofgpes, Rice,  Sate tolerance)

The  coastal  saline  areas  of eastern  India  are
about i.5 mha running from North 24 Parganas of
West   Bengal   to   Ganjam   district  of  Orissa.
Predominately these areas are monocropped in wet
season  (WS).  In  limited  areas  rice  is  cultivated  in
dry  season  (DS)  using  harvested  rain  water.  The
erratic  rainfall,   abiotic   stresses  viz.   salinity,
drought,  submergence  and  natural  calamities
(storms  and  cyclones)  in  WS  result  in  low  crop
productivity (i.e.1.0 to  1.5  t ha-I).  Salinity is more
intense in DS with wide spatial variability. Farmers
mostly grow traditional  rice varieties viz.  Bhaluki,
Bhundi  and   Rahspanjar  in  WS  due   to  non-
availability of salt tolerant rice varieties particularly
suitable  to  this  fragile  ecosystem  although  a  few
salt  tolerant  rice  varieties  have  already  been
developed.

*CorTesponding author: E-mail: psencm@|ahoo.com

In DS short duration improved rice varieties are
grown  in  some  areas  with  limited  harvested  rain
water. The majority of the farmers are resource poor
and with marginal to small land holdings. Their food
security  is  at  stake  in  the  event  of a  crctp  failure
due  to  natural  hazards.  In  order  to  enhance  the
productivity it is essential to develop semi tall, long
duration  and  high  yielding  rice  varieties  with
tolerance to salinity and water togging for WS and
short  duration  high  yielding  rice  varieties  with
higher tolerance to salinity for DS.

MATERIALS  AND  METHODS

Landraces  from  coastal  saline  areas  were
collected and  screened under controlled condition
against a Salt (Nacl) solution of EC 8 dsm-I as well
as under rield condition in the target environment
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with soil EC of 8.5 to  10.6 dsm-I and field water EC
of  4.5  to  6  dsm-I   respectively  and  donors  were
identified.

For the introgression of salinity tolerance into
the high yielding cultivars, crosses were made using
Savitri,  Gayatri,  Swarna,  Mahsuri  and  Jaya  as
female  parents  and  Our  Mundakan,  Kalapanka,
Rahspanjar,  Bhurarati,  Lunishree,  Pokkali  and
-Patmi  23-as -donors  for WS.' For  DS  high yielding
short duration varieties viz. Khandagiri, Parijat and
CR 898 were used as female parents and IR 73571-
38-2-1,  IR72402-B-P-25-3-1  and  NSICRC   106  as
donors.  Elite  breeding lines developed  at CRRI  for
both  long  and  short  duration  along  with  IRRI
(Philippines)  lines, improved varieties and popular
land  races  were  evaluated  during  2004-2007.The
genotypes  were  selected  by  the  farmers  in  each
season  through  participatory  varietal  selection
(PVC).   The   seeds  of  promising  varieties  were
multiplied  for  dissemination  through  baby  trial
approach.

RESULTS AND  DISCussloN

Out of 12 genotypes evaluated during 2004 WS
CR 2093-7-1 produced highest grain yield (6.4 t ha-I)
followed  by  Lunishree,  Sonamani,  CR  2094-46-3,
SR 268 and CR 2096-71 -2 with grain yields ranging
from 4.5  to 6.0  t ha-1 based on  statistical analysis
with LSD(P=0.05)  1.05t/h.a. The high yields recorded
in this year may be due to the low salinity level (soil
Ece 2.4 to 6.6 dsm-I  and rield water EC  1.0 to 4.8
dsm-1) and favourable water regime during the crop
Season.

In  2005  WS,  13  genotypes  were  evaluated  at
two locations. Patnai 23 gave highest yield (4.7 t ha-1)
followed  by  CR  2096-71-2,  CR  2070-52-2  and  SR
268 with grain yield of 3.6-3.-8 t ha-I at one location

(soil Ece 3.9-10.4 and field water EC 0.7-3.5 dsm-I).
In other location the genotypes CR 2096-71-2,  CR
2093-7-1,  Lunishree  and  SR  268  performed  well
with  grain  yield  of 2.3  to  2.6  t  ha-1  (soil  Ece  3.9-
14.3   and   field   water   EC   0.6-1.2   dsm-1),   this
inference  based  on  statistical  analysis  with  LSD
(P=O.05,  sitel-0.34  t/ha  &  site  2-0.45  t/ha)  The
crops  at  both  the  locations  suffered  from  initial
drought and salinity followed by submergence twice
during the vegetative growth  stage.

[n 2006 WS  14 genotypes were evaluated at two
locations.  Th:  crop  was  damaged  at  one  location
due to complete submergence for  10 days.  In other
location the crop survived after submergence for few
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days. The soil Ece and rield water EC was recorded
as 4.6-9.0 and  1.2-5.5 dsm-I  respectively. The yield
data revealed that variety SR 268 gave the highest
yield (3.6 ha-I) followed by Lunishree (3.28 ha-I) and
CR 2093-7-1  (3.26  ha-I)  .

In  case  of  short  duration  rice,   out  of  20
genotypes evaluated  during 2005  DS,  ,  IR 73571-
38-14-1,  CSR  4,  IR  72593-a-19-2-3-1,  IR  72046-
B-R-4-3-2-l,  IR 72046-B-R-3-3=3-1  and IR 72046-
B-R-6-1-1-1  performed  well  with  yields  3.1  to  3.4
t ha-I  (LSD-P=O.05-0.53  t/ha),  soil  Ece was  3.9-
12.0 and field water EC was 3.1-5.6 dsm-1). During
2006 DS, out of 17 genotypes (including 6 genotypes
selected in 2005) evaluated, IR 72046-B-R-3-3-3-1,
Canning 7, IR 72593-8-19-2-3-1, CSR 4, IR 73571 -
38-14-I   and  Fig.   1,   indicated  that  Annapurna
produced yields (Fig. 2) 3.0-3.6 t ha-I  (soil Ece 3.0-
10.3 and rield water EC of 3.7-7.8 dsn]).

`` `t `9  `1 `6 `0 `1  `® `®``O````fty`b``^``6``®``1

Fig.1.  Grain  yield  of  rice  varieties/  lines  during  dry  season,
2006 V,.  lR 73571-38-14-1,  V2 -lR  72593-8-19-2-3-1,
V3  -lR  72046-B-R-3-3-3-1.  V4 -  lR  72046-B-R-4-3-2-1,
V5  -lR  72046.B-R-6-1-1-1,  V6  -lR  69997-AC  4.  V7  -
CSR  4,  Vo -  Canning  7  (R  Ct`eck).  V9 -Khaandagiri  (Y
Chock),  V,a  -Annapuina,  V,,  -lR  29  (S  CIleck).  V,2  -
CSR  10,  Vi3  -lR

``  `T  `9  `^  `6  `6  ut   `®  `9 ``0 ``` ``T ``b

Fig.  2.  Grain  yield  of  rice  varieties/  lines  during   dry  season,
2007  Vt-CSR-4,  V2-Annapurna,  V3-lR  72046-B-R-3-
3-3-1,   V4-lR   72593-8-19-2-3-1,   V5-lR   29,   VG-
Khandagiri,  V7-CR 2472-1-6-2. V8 -CR 2472-1 -4-28-2,
V9 -CR  2473-9-136-1,  V,o -CR  2484-197-1-1,  V,,-lR

664ot.2Br6.t.3,  V,2 _ CR
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In the year 2007 DS,14 genotypes (including 4
which  had  performed  well  in  both  2005  and  2006
DS and 6 elite breeding lines of CRRI) were evaluated
with  soil  Ece  6.6-12.3  and  field  water  EC  2.1-9.7
dsm-1.  The  elite  lines  CR  2473-9-136-1,  CR 2485-
7-3-45-1 and CR 2485-7-3-45-I  performed well with
the grain yield 3.1-3.7  t ha-I  followed by IR 72046-
B-R-3-3-3-I,  IR 72593-8-19-2-3-1  and CSR 4 with

yields  2.9  to3.0  t  hall  (Fig.   1).

Based on the results of three consecutive years
the  genotypes  CR  2096-71-2,   CR  2093-7-1,   CR
2070-52-2,  SR  268,  Lunishree  and  Patnai  23  for
the WS  and  CR 2473-9-136-1,  CR 2472-1-6-2,  CR
2485-7-3-45-1, IR 72046-B-R-3-3-3-1, IR 72593-8-
19-2-3-I,  CSR 4 aLnd Annapurna for DS were found

promising. The CRRl lines CR 2096-71 -2, CR 2070-
52-2 and CR 2093-7-1  were selected in SATVT under
All India Coordinated Rice Improvement Programme

(AICRIP) . The seeds of promising varieties/lines were
multiplied and distributed among the farmers of the
target site for baby trials.

REFERENCES

Yadav,  J.S.P.,  Bandyopahay,  A.K.,  Rao,  K.V.G.K.,
Sinha,  T.S.,  Biswas,  C.R.,  Bandyopahay,  B.K.
and  Dutt,  S.K.  (1981).  Mcmagement a/CoastciJ
Sa![.rie Sot!s o/ Sunderbans.  Technical  Bulletin
No.7,  Central  Soil  SaLlinity  Research  Institute,
Regional Research Station, Canning Town, India,
pp  1-32.



•€l§i. J.  Inclian Soc.  Coastal agnc.  Res.,  27(1|,  4\-45,  2009

Variability and Varietal Performance of Sugarcane Genotypes under
High Rainfall Condition of Coastal Region of Maharashtra

V.  G.   MORE`,  V.  V.  DALV12,  A.  J.  MAYEKAR  and  J.  S.  KARJIVKAR

tcentral  Experimental  Station,  Wakwali,   Dr.  B.S.K.K.V.,  Dapoli

T®n  midlate genotyp®s of sugarcane were evaluated in a  replicated trial at Sugarcane Research
Scheme,  Central  Experimental  Station, Wakwali,  Dapoli  in  2007 to estimate  the  performance of
diflerent  sugarcane  genotype  under  r`igh  ralnlall  and  latoritic  condition  of  coastal  region  of
Maharashtra. Analysis  of variance  revealed that the differences among treatments  in  respect of
all  the characters  were  highly significant except cane  height (in).  cane  girth  (cm),  cane weight
(kg)  and  purity  % juice.  There  was  llttlo  difference  between  Genotypic  Coefficient  of Variation
(GCV)  and  Phenotypic  Coefficient of Variation(PCV  )  for  germination  per cent  at  30  days  after
planting  and   number  of  mllllablo  cane  at  harvest  indicating  that  there  is   less  influence  of
environment.  The  character  germination  per  cent  at 30  days  after  planting,  number of tillers  ha'`
before  earthing  up,  number  of  milliable  cane  at  liarvest  ha-1  and  milliabl®  cane  yield  tons  ha-1
have  high  heritability  and  genetic  advance  indicated  prosonce  of  additive  gene  effect.  It  was
observed from  performance of different varieties that the genotype Co VSI 05122 yielded highest
milliablo cane yield  but the genotype Co Snk 05104 gave maximum  commercial  cane sugar with
highest suci.ose  percentage.

(Key  ulords..  Genetic ucinability,  Genetic advance,  Hentabilitg,  Sugarcane)

Sugarcane  is the most important cash  crop in
the  state  of Maharashtra.  Sugar  industry  plays  a
pivotal  role  in  the  socio-economic  development  in
the  rural  areas  of the  state  especially  in  western
Maharashtra.  Coastal  area  of  Maharashtra  state
comprises of Konkan region where sugarcane is non-
traditional crop. The climate of Konkan is warm and
humid except a very short pcrlod of mild cold climate
from  December  to  February.  The  mean  maximum
temperature  ranges  between  25°C  to  35°C  and
minimum temperature ranges between  17°C to 27°C
with  mean  relative  humidity of 80  %.  The average
rainfall  of the  region  is  3000  -  3500  mm.,  mostly
received   from  June   to   September.   Recent  field
studies conducted at Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli have brought out that this
non-traditional  crop  could  be  successfully  grown
in  Konkan.  A  set  of sugarcane  genotypes  (mi-dlate
duration) received from Central Sugarcane Research
Station, Padegaon, Pune (Maharashtra) is tcsted at
Sugarcane Research Scheme, Asond block, Central
Experimental Station, Wakwali for its performance
under  high  rainfall  and  lateritic  soil  condition  of
coastal    region    of   Maharashtra    state.    The
heterozygous and polyploidy nature of this crop have
resulted in generation of greater genetic variability,
hence recorded data from this experiment of varietal

testing is treated for genetic variability.  Genotypic
and phenotypic coefficients of variation (GCV & PCV)
along  with  heritability  as  well  as  genetic  advance
are very essential to improve any trait of sugarcane
because this would help in knowing whether or not
the  desired  objective  can  be  achieved  from  the
material  (Tyagi and  Singh,1998).

IVIATERIALS  AND  METHODS

The  experimental  material  comprised  of  10
midlate sugarcane genotypes received from Central
Sugarcane  Research  Station,  Padegaon  for te§ting
the  performance  of  variety  in  high  rainfall  and
lateritic  condition  of  coastal  region  (Konkan)   of
Maharashtra. The experimental material was grown
in   randomized   block   design   during   2007   at
Sugarcane Research Scheme, Asond Block, Central
Experimental    Station,    Wakawali    in    three
replications. All recommended package of practices
were   followed   during  the   experiment  period.
Observations  were  recorded  on  randomly  selected
5 plants and on plot basis for quality, yield and yield
contributing characters. The analysis of varience is
carried  out  as  per  procedure  given  by  Panse  and
Sukhatme  (1967).  The  genotypic  and  phenotypic
coefricients of variation were calculated accordingly
by method as  suggested  by Burton  (1952).

LCorresponding author:  (E mall:  vjy_dlv@yahoo.co.in)
2Department of Agriculture  Botany,College  of Agriculture
Dr   Balasaheb  Sawant Konkan  Krishi Vidyapeeth,  Dapoli  -415  712(Indla)
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RESULTS AND  DISCuSSION

Genetic variability

Analysis  of variance  for various characters is
presented in Table 1. It revealed that the differences
among treatments in  respect of all the characters
were highly significant except cane height (in), cane
girth (cm), cane weight (kg) and purity %juice. The
difference among treatments of character purity %
juice  was  significant  at  5  per  cent  and  for  cane
height (in),  cane girth  (cm)  and  cane weight (kg)  it
was non significant.

Germination  percent  30  days  after  planting
(Table 2) ranged from 25.11  to 95.21  per cent with
an average of 50.21  per cent.  Number of tillers per
ha  before  earthing  up  ranged  from  78,190  to
2,02,060 with an average of 1,37,220. Cane height
ranged from 3.10 to 3.53 in with an average of 3.`25
in.  Cane  girth  ranged  from  8.83  to  10.67  cm with
an  average  of 9.45  cm.  Cane  weight  ranged  from
1.71 to 2.20 kg with an average of 1.92 kg. Number
of  milliable  cane  per  ha  at  harvest  ranged  from
46,710  to  86,630  with  an  average  of 71,090.  The
mean for commercial cane sugar was 12.78 per cent
whereas  16.67  per  cent  was  the  average  value  of
brix.  The  average  value  for  sucrose  per  cent  was
13.66 per cent.  The Purity percent of juice  ranged
from  72.27  to  96.82  with  an  average  of 82.50 per
cent.   Milliable  cane  yield  ranged  from  83.49  to
185.67  tons  ha-i  with  an  average  of  137.52  tons
ha-I  whereas  commercial  cane  sugar yield  ranged
from  11.11  to  22.63  tons  ha-1  with  an  average  of
17.53  tons  ha-I.  Highest  genotypic  variance  was
recorded by character number of tillers ha-I before
earthing  up  followed  by  milliable  cane  yield  tons
ha-I and gemination percent 30 days after planting.
There  was  little  difference  between  GCV  and  PCV
for germination  per cent at 30  days after planting
and number of milliable cane at harvest indicating
that there is less  influence  of environment,  where
as  for  rest  of  the  characters  differences  are  little
more between GCV and PCV indicated the influence
of  environment  on  these  characters.  Heritability
ranged   from   10.11   to   96.31   per   cent.   High
heritability has been observed  for germination per
cent 30  days after planting followed by number of
milliable cane at harvest. There was highest genetic
advance  for  number of tillers  ha-I before  earthing
up  followed  by milliable cane yield  tons ha-1.

The  character  germination  per  cent  30  days
after planting, number of tillers ha-I before earthing
up,  number  of milliable  cane  at  harvest  ha-I  and
milliable cane yield tons ha-I have high heritability

and genetic advance indicated presence of additive
gene  effect.  These  results  are  in  conformity  with
those  reported  by  Das  et aJ.  (1996),  Kadian  et  al.
(1.997),  Kamat and  Singh (2001)  and Delvadia and
Patel (2006).

The  character  germination  per  cent  30  days
after planting, number of tillers ha-1 before earthing
up,  number of milliable cane at harvest,  milliable
cane yield tons ha-1 and commercial cane sugar tons
ha-I reported high GCV and PCV.

Performance of different genotype
The  growth  attributes,  yield  and  quality  of

different sugarcane varieties are presented in Table
3.  Data  revealed  that,  the  variety  Co  Snk  05105
recorded maximum germination percentage (95.21 )
at'30  DAP and was  statistically  superior over rest
of the varieties under study. The maximum tillers
before earthing up were recorded by variety Co Snk
05104 and it was at par with variety Co Snk 05105.
The character Cane hight (cm), cane girth (cm) aLnd
cane weight  (Kg)  were  non  significant.  The variety
Co  05007 recorded  maximum  number of milliable
cane at harvest over rest of the varieties under study
and was at par with variety Co VSI  05122  and  Co
snk  05105.  The  variety  Co  snk  05105  recorded
maximum CCS percentage over rest of the varieties
under study and was at par with varieties Co  snk
05104,  Co  vc  05061,  Co  N  05072,  Co  VSI  05121
and MS 05083. The variety Co snk 05104 recorded
maximum brix percentage over rest of the varieties
under study and was at par with varieties Co 05008,
Co  N  05072,  Co VSI  05121,  MS  05083  and  Co VSI
05122.  The  maximum  sucrose  percentage  was
recorded  by  Co  snk  05104  (14.97)  over rest  of the
varieties under study and  was at par with  Co  Snk
05105,  Co  vc  05061,  Co  N  05072,  Co  VSI  05121
and MS 05083. The variety Co Snk 05105 recorded
maximum purity percentage in juice and was at par
with  Co  vc  05061  and  Co  VSI  05121.  The  highest
milliable cane yield per ha was recorded by variety
Co VSI 05122 (185.67 ton/ha) and was at par with
Co 05007 and C`o snk 05104. The highest CCS tons

per ha was recorded  by variety Co  snk 05104  and
was  at par with  Co  snk  05105,  Co  05007,  Co VSI
05122  and  Co vc 05061.

The  character  germination  per  cent  30  days
after planting, number of tillers ha-I before earthing
up,  ,i`jimber  of milliable  cane  at  harvest  ha-I  and
milliable cane yield tons ha-I have high heritability
and genetic advance indicated presence of additive
gene  effect  which  helps  for  selection  of  these
character   for   further   generation   in   midlate
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Varietal  performance  of Sugarcane Genotypes

sugarcane  genotype.  In  the  present  study,  It  was
observed  that  the  genotype  Co  VSI  05122  yielded
highest  milliable  cane yield  (185.67  t ha-I)  but the

genotype Co Sink 05104 gave maximum commercial
cane sugar (22  68 t ha-I) along with highest (14.97%)
sucrose  content.
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Assessment of  Genotypes for Yield, Yield Contributing
Characters and Nutritive Traits in Sweet potato in

Coastal Region of Maharashtra
P.  C.  HALDAVNEKAR,  G.D.  JOSHl,  S.G.   BHAVE,   H.R.   NADKARNl,

P.C.  MALl  and  S.S.  SAWANT

Department  of  Horticulture  College  of Agriculture
Dr.  8.  S.   Konkan  Krishi  Vidyapith,   Dapoli,  Maharashtra,   Pln  -415  712

Twenty genotypes of sweet potato were evaluated for selection of suitable parents with desirable
characters for different yjeld, yield contributing and nutritive characters.  In  present investigation
estjmate§ of variability heritability, and genetic advance was carried out. A wide range of variation
was  observed  for  all   the  characters  studied.  The  magnitude  of  phenotypic   coefficient  of
variations was greater than genotypic coefficient of variation.  Heritability in  broad sense ranged
from  95.38 per cent for number of tubers  per vine to 23.06 per cent for specific gravity of tuber.
In  nutritive traits,  heritability in broad sense ranged from  96.53  per cent for the character starch
to  2.90  per cent  for  carotono  content.  The  characters  like  length  of  main  vino  and  subsidiary
vine,  number of leaves, weight ot vine and tuber yield  per plant mainly controlled by non-additive
genes. The genetic advance recorded for nutritive characters was in the range of 0.09 (reducing
sugars) to  1073.48  (carotene). The  carotene  noticed  high  genetic advance which  indicated that
lieritability was  due  to  additive  gene  effect.  In  othoi.  charactoi.s  heritability  was  due  to  additive
gene  offect.

(Keyu)ords: Su)eel potato, Vanabthty, Hentabilky, Genetic ad.uance)

Sweet  potato  (Jpomecz  batafas  L.)  is  one  of the
world's highest yielding crops  and  is grown  over a
wide range of environmental conditions throughout
the world.  Sweet potato  has  a capacity to produce
the  highest  amount  of calories  per  unit  area  and
time  in  comparison  to  cereals  and  other  root  and
tuber  crops.  Although  sweet  potato  has  had  the
unfortunate  destination  of a  "Poor person's  crop",
in  recent years  this  crop  is  being  recognized  as  a
crop with potential for high productivity and energy
output to be consumed both in fresh and processed
forms. It ranks third among tuber crops in terms of
its contribution to agricultural economy in India.

As there is a year round demand of sweet potato
and lack of tuber storage facilities, it is mandatory
to have varieties that perform well during both Khart/
and  I?abl' seasons.  Systematic  research  on  all  the
above   aspects   has   not   been   carried   out   in
Maharashtra   State  in   general   and   Konkan   in
particular.

Keeping in view the ever-increasing importance
of sweet potato in Maharashtra as well as in Konkan
region and other sweet potato growing areas in the
country,  an  attempt  was  made  to  measure  the
genetic  variability  among  all  the  20  sweet  potatct
genotypes  for  selection  of  suitable  parents  with
desirable characters for future breeding programme.

lvIATERIALS  AND  METHODS

Twenty genotypes of sweet potato were collected
from  germplasm   available  with   the  All   India
Co-ordinated Research Project on Tuber crops (other
than potato)  sub center, WaLkawali, Taluka -Dapoli,
Dist. -Ratnagiri (M.S.).  Sweet potato crop was grown
during  Khar!/ and   j?c{bt,   2003-05  in  4  different
environments  i.e.   Kharif ZOOS,  Rabi  2003,  KhaTif
2004  and  Rabt.  2004.  The  experiment  was  laid  out
in Randomized Block Design with three replications.
Gross  plot  size  was  2.00  in  x  3.6  in,  net  plot  size
was  1.6  in x  2.4  in and spacing was maintained  at
60  cm  x  20  cm.  Ploughing brought  the  land to  fine
tilth with tractor drawn iron plough followed by clod
crushing and harrowing with power tiller. Farm yard
manure @ 20  t  ha-1  was incorporated  in  soil at  the
time of 2nd harrowing.  The plots were prepared at
a spacing of one meter between two replications and
0.75 in between two plots. This spacing was provided
for  laying  out  the  Irrigation  channel  and  bunds.
Ridges  and  furrows  were  made  at  a  spacing  of 60
cm. Healthy, 3-4 nodes cuttings from top and middle

portion of sweet potato vine were planted at 20 cm
spacing  on   each  ridge.   In   all,   60   plants  were
accommodated per plot. As per the recommendation,
basal dose of 30 kg Nitrogen, 60kg Phosphorus, 60
kg Potash along with 25 tones of F.Y.M.  per hectare
were applied  at the  time of land preparation while
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the remaining 60 kg nitrogen was given in two split
doses  as  top  dressing  one  and  two  months  after
planting,   respectively.   All   the   recommended
intercultural practices were carried out as and when
necessary, so as to maintain good stand of the crop.
Observations  on  twenty  seven  characters  were
recorded on randomly selected 5 plants from every
net   plot   in   each   replication.   The   mean   of
observations  of  5  plants  was  used  for  statistical
analysis.

Analysis of variance was estimated by using the
method suggested by Panse and Sukhatme (1957).
Genotypic  (GCV)  and  phenotypic  (PCV)  coefficient
of variation  was  calculated  by  using  the  formula
suggested  by  Burton  (1952).  Heritability  in  broad
sense  was  estimated  according  to  the  formula  of
Burton  and  Devane  (1953).  The  expected  genetic
advance  was  calculated  by  using  the  formula
suggested  by Johnson  ef.  az.  (1955).

RESULTS AND  DISCUSSION

The  analysis  of Variance  indicated  that  the
treaLtments  were  highly  significant  for  all  the
characters except girth and specific gravity. Among
twenty  characters  studied,  genetic  variability
(Table  I) showed wide range of variation in most of
the  characters  I;ie.,  length  of main  vine  (136.37  -
294.88  cm),   length  of  subsidiary  vine   (94.33   -
201.84cm),  number  of  subsidiary  vines  per  plant
(4.60  -9.97),  length  of  petiole  (10.44  -24.37cm),
total  leaf  area  (3372.17  -8917.29cm2),  leaf  area
index (2.81  -7.43), weight of vine per plant (150.59
-380.56g), number of tubers per plant (1.18 -4.16),

yield of tubers per plant (93.83  -315.57 g), yield of
tubers per hectare (5.42 -22.99  t), weight of tuber
(45.47  -95.82  g),  volume  of tuber  (43.87  -90.87
ml),  biological yield (272.48 -525.59 g) and harvest
index  (23.04  -  68.40).  Other  characters  such  as
number  of  nodes  (30.87  -49.15),  length  of  tuber

(13.82  -17.50  cm),  girth  of tuber  (3.08  -4.70  cm)
and  specific gravity (1.029 -1.053)  showed narrow
range of variability.

In  general,  phenotypic  coefricient  of variation
(PCV)  was  greater  than  genotypic  coefficient  of
variation   (GCV)   Table   1.   The  least   phenotypic
coefficient of variation  was  exhibited  by character
specific  gravity  of  tuber  (I.02).   However,   it  was
higher  in  weight  of tuber  girth  (57.10)  followed  by
tuber yield per ha (42.25). The genetic variation was
expressed  by  genotypic  coefficient  of  variation.
Range  of genetic  coefficient  of variation  was  0.24
for specific gravity of tuber to 39.73 for tuber yield

47

per  ha.  Among  all  the  twenty  seven  characters
studied, yield  of tubers per ha,  yield  of tubers per
vine, number of tubers per vine and leaf area index
showed  relatively  high  value  of  genotypic  and
phenotypic coefricient of variation. These results are
in confirmation with Singh and Mishra (1975), Mane

(1991)  and Lokhande  (2003)  in  sweet potato.

Other characters  such  as length  of main vine
and subsidiary vine, number of subsidiary vine per
plant,  internodal  length,  petiole  length,  leaf area,
weight  of  vine,   tuber  girth,  tuber  volume,  tuber
weight  and   biological  yield   showed  moderate

genotypic  and  phenotypic  coefficient  of variation.
However,  it was least in  tuber length,  and  speciric
gravity of tuber.  Many workers  such  as  Singh and
Mishra  (1975),  Kamalan  et czj. (1977),  Mane  (1991),

Rasede  (2002)  and  Lokhande  (2003)  also  reported
similar kind of results in  sweet potato in the past.

High value of genotypic coefficient of variation
is  an  indication  of  the  extent  of fixable  variation
present among sweet potato  genotypes, which can
be  taken  as  an  advantage  in  future  breeding
programme.

Data  presented   in  Table  2   revealed  that
phenotypic coefficient of variation was greater than
genotypic coefficient of variation in general.  Lowest
phenotypic  coefricient  of variation  was  noticed  in
reducing sugars (7.40%).  However it was highest in
character  carotene   content   (1545.56%).   The

genotypic  coefficient  of variance  was  in  the  range
of 5.01  per cent  (reducing sugar)  to 43.34  per cent

(carotene).   High  value   of  genetic  variation   for
carotene  content  is  an  indication  of the  extent  of
rixable variation present among genotype, which can
be taken advantage for future breeding programme.
Among seven nutritive characters studied (Table 2)
wide range of genetic variability was noticed in total
soluble  solid   (6.27-7.47),   ascorbic  acid  (19.33-
27.47), reducing sugar (1.2-1.47%) total sugar (4.9 I -
6.56°/o),  non  reducing  sugar  (3.51-5.13%),  starch

(52.03-62.2%) and carotene (658.33-2532.67).

Heritability and  genetic  advance

Heritability in  broad  sense ranged from 95.38
per cent for number of tubers per vine to 23.06 per
cent for specific gravity of tuber (Table 2) . Very high
heritability  noticed  in  the  length  of  main  vine
(91.22%),   length   of  petiole   (93.16%),   number  of
tubers  per  vine  (95.38%),  yield  of  tuber  per  vine

(94.82%)  and  yield  of tuber  per  hectare  (94.020/o),
tuber weight (91.43%),  tuber volume (91.39%)  and
harvest index (95.74%). The characters viz.,length
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of subsidiary vim s (86.72%), number of subsidiary
vines (73.85°/o), internodal length (86.10%), number
of leaves  (85.06),  leaf area  (85.52),  leaf area  index

(85.52),   weight  of  vine   (85.06%),   tuber  length
(68.24%)  and  biological  yield  (81.21%)  showed  high
heritability. Medium to high heritability was observed
in number of nodes per plant (52.56%). Medium to high
broad sense heritability estimates were suggesting less
environmental effects on these characters.

These results are also in accordance with Singh
and Mishra (1975), Lowe and Wilson (1975), Rasede

(2002)  and Lokhande (2003).

However,  Johnson  et a!.  (1955)  suggested  that
heritability estimates coupled with genetic advance
is the most effective tool for effective selection than
heritability value  alone.  It  could  be  observed  that
genetic  advance  as  per.cent  of mean  ranged  from
0.11  for specific gravity of tuber to  76.94 for tuber

yield per ha. Medium to high heritability with high
genetic  advance  were  noticed  for  the  characters
length of main vine and subsidiary vine, number of
leaves, weight of vine, and tuber yield per vine and
biological  yield.  These  results  arc  in  confirmation
with  Thamburaj   and  Muthukrishnan   (1976),
Kamalan   e{  aJ,.   (1977a),   Rasede   (2003),   and
Lokhande  (2003)  in  sweet  potato.  Therefore,  it  is
worthwhile to select better genotypes of sweet potato
giving due importance for the character  ur.z., length
of main vine and subsidiary vine, number of leaves,
weight of vine and tuber yield per plant.

In  the  present  investigation,  heritability  in
broad Sense for nutritional characters ranged from
2.80  to  96.53  per  cent.  Very  high  magnitude  of
heritability was observed in starch (96.53%), while
high magnitude of heritability was observed in T.S.S.

(71.43%)   reducing   (67.69%)   and   total   sugar
(66.56%).   High   to   very   high   broad   sense   of
heritability `suggested less environmental effect on
these characters.

The  genetic  advance  recorded  for  nutritive
characters was in the range of 0.09 (reducing sugars)
to   1073.48  (carotene).  The  carotene  noticed  high

genetic advance which indicated that heritability was
due  to  additive  gene  effect.  In  other  characters
heritability  was  due  to  non-additive  gene  effect.
Further,  the  genetic  advance  as  a  percent  of mean
ranged from 6.99 (reducing sugars) to 87.62 (carotene).

Thus, observing the nutritive quality in all the
20   sweet  potato   genotypes  under   study,   the
genotypes S  73,  Konkan Ashwini,  H  82/6,  18  700,
Sree   Bhadra,   Sree  Vardhini,   S   56-2,   showed

comparatively  better  performance  in  most  of  the
nutritive parameters. However, the genotypes 18 90-
15-9 and  1890-11-1  had higher carotene  content.
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Bio-secure Zero Water Exchange System Technology of Shrimp
Farming for Better Monitoring of the Coastal Ecosystem

A.  PANIGRAHl'`,  J.  K.  SUNDARAY1,  T.K.  GHOSHAL,
D.   DE  and  P.  RAVICHANDRANI

Kakdwip  Research  Centre  of Central  Institute  of 8rackiswater Aquacultre
Kakdwip  -  743  347,  West  Bengal

Srlrimp  aquaculturo  is  poised  to  expand  rapidly  and  constantly  requires  new  techniques  in
order to  incroaso production  yield  and  sustainability.The zero water exchange  Shrimp farming
system  is  an  evolving  culture  practice  which  provides  a  moans  to  achieve  hlghor  dogreo  of
biosecurity. This Bio-secured Zero Water Exchange System Technology (BZEST) can  bo applled
to extensive and soml-Intensive/ intonsivo shrimp aquaculture. The obj®ctivo of thls study is to
look  into  the  findings  of  a  progresgive  farm  following  zero  water exchange  system  of shrimp
farming in the state of West Bengal.  Further, the evolving culture practice,  production, utilization
of  biothorapeutic  agents,  water  and  sediment  quality  parameters  were  assossod  with  the
progression  of  the  culture.  Tlii9  8®mi.intonsivo  farming  system  yioldod  29.8  gin  of  shrimps
with moderato growth  rate in 140 days of culture and production level of above 4000 kg/ha/crop
with food  conversion ratio (FCR) of 1.68:1  was achiovod. With the progression of culture the pH
of the  sodim®nt  Showod  a  declining  tr.nd  ln  all  the  ponds  but  did  not  vary  signiflcantly.  The
r®dox  potontlal  of the  ponds  loworod  Slgnificantly  (p<0.05)  with  days  of culture.  The  Org  C  at
the  and  of the  crop was SIgnlflcantly  lligtlor (p<  0.05) than  that of lh®  Initial  culture  p®rlod.  The
water quality parameters ®xc®pt salinity and total hardnoSS did not show any significant variation
between  difforont  phas®S  of  the  culture.  Tlie  probiotlc  based  farmlng  system  in  all  account
could  b® very  promising for the farming  practlcos and  in turn for the coastal  ecosystem  for  its
l`lgh  Scoring  biosecurity  moasur®s  and avoidance of antibiotics  and  objectionablo  chemicals.

(E.y uiord... Shrrmp farming, BID-secunty, Zero u)ater exchange, lTobiotics)

Shrimp  aquaculture  has  expanded  rapidly,
mainly in the  subtropical and tropical lowlands of
Asia and America (Federico,  2001)  and constitutes
an  important  activity  in   coastal  ecosystem.
Approximately  1-1.5 million ha of coastal lowlands
have been converted into shrimp ponds, comprising
mainly  salt  flats,  mangrove  areas,  marshes,  and
agricultural  lands.  In  West  Bengal  and  adjoining
Sundarban like some other states,  shrimp culture
operation  is  poised  to  expand  rapidly.   However,
worldwide  shrimp  farming  activity  is  plagued  by
diseases  and  unsustaina.ble  practices  which
sometimes  affecting  the  coastal  ecosystem  and
livelihood.  Evolving  culture  practices  are  in  place
time to time to mitigate these concerns.  Unlike the
open  system  where  water  replacement  is  done  as
per  the  level  of  intensification,   the  zero  water
exchange shrimp farming system is a closed system
which provides a means to achieve higher degree of
biosecurity. Provided high qualityand sophisticated
shrimp  stocks  and   feeds  are  utilized,   there  is
evidence  that  water  exchange  can  be  reduced,
perhaps to zero, in many instances. This bio-secured
system  ensures  the  prevention  of  bacterial/viral

contamination which is the major bottleneck to have
sustainable  shrimp  farming.  This  BZEST  (Bio-
secured  Zero  Water  Exchange  system  technology
can  be  applied  to  extensive  and  semi-intensive/
intensive shrimp aquaculture. Zero water exchange
system can be considered as an emerging technology
with   an    environmentally   sustainable   and
economically  viable  alternative  to  conventional
shrimp culture (Pruder, 2004; Moss, 2002; Browdy
et a!.,  2001).  The  objective  of this  study is  to  look
into  the  findings  of a  prospective  farms  following
BZEST  of  shrimp  farming  in  the  state  of  West
Bengal.   Further,   the  evolving  culture  practice,
production,  utilization  of  biotherapeutic  agents,
water  and   sediment  quality  parameters  were
assessed with the progression of the culture.

MATERIALS  AND  METHODS

A  semi-intensive  farm  of a  progressive  farmer
in  24   Pargana(S)   managed  through  zero  water
exchange  was  observed  closely  for  one  crop.  The
farm with six ponds were prepared and stocked with
healthy hatchery seeds of P.  moriodon PL 0.0025  g
and managed with commercial shrimp feed.

*Corresponding author:  B-mail:  apanigrahi2k@yahoo.com
]Central Institute of Brackish water Aquaculture,  R.A.  Puram,  Santhom High Road,  Chennai,  INDIA-600 028
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All ponds were equipped with long arm paddle
wheel  aerators  for  aeration.  The  aeration  hours
gradually  increased  with  the  progression  of  the
culture.  The  ponds  were  operated  using  the  zero
water exchange management concept in which water
is not added during the production cycle and the crop
is so scheduled to take the advantage of rainwater for
the seepage and evaporation loss purposes.

Once  the disinfected  (with 60 ppm of chlorine)
water is taken and cultured for optimum bloom, no
further  water  is  taken  from  the  source  and  the
evaporation loss etc is compensated by treated water
or the crop is so scheduled to take the advantage of
rainwater  for that  purpose.  Gram  positive  Bac{.!Jws
based commercial probiotics were used time to time
apart  from  regular  lining  with  lime  stone  powder
and dolomite to maintain the water quality.

Periodic sampling for the physico-chemical and
microbiological  parameters of water and  sediment
along with growth characteristics were studied. The
sediment  and  water parameters  were  analyzed  by
following the standard  methods (APHA,1965).

For the totail plate count and vibrio count TSA
and TCBS media are used serial dilution technique
is  followed  for the  purpose.

RESULTS AND  DISCUssloN

This semi-intensive farming system yielded 29.8
g of shrimps with moderate growth rate in  140 days
of culture and average production level of 6327 kg/
ha/crop  with  feed  conversion  ratio  (FCR)  of  1.68: 1
was  achieved  (Table  1).  All  the  ponds  maintained
similar growth pattern with the progress of the crop.
The average body weight and average daily growth
of the populations in different ponds are shown in
Fig  1  &  2,  respectively.

Table  1. Production Details of the farm
followirtg BZEST

Production  Variables

Total  Seeded  area

(Ponds)

Total  Stocking

Stocking  density

DOC

Final  Survival  rate

Harvested  Size

Feed  Consumed

Feed  Conversion  Ratio

Total  Harvested  shrimp

1.308  ha

(6  mos)

3,75,000  mos

28  pc/sq in

132-147  days

73.56  %

298  ±  I.72  9

13930  kg

I.61   +  0.24

8276 kg
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Fig.1.   Av. body weight (AEW) of the stocked shrimps in diiferent Bzest units
with progression Of the culture.
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Flo. 2.  Average daily gro`^th  (g) Of the  shrimps in different  Bzest unjts with

progresslon Of  culture.

This  probiotic  based  farming help  malntain
the water quality throughout the crop even with no
water exchange. The water quality parameters like
pH  and  alkalinity  is  within  the  optimum  range
during  the  culture  and  there  was  no  significant
difference a.mong the ponds.  The biological oxygen
demand  (BOD),  ammonia  (NH3-N)  and  Phosphate

(P04-P)  were  also  found  to  be  within  limits,  thus
influencing  the  growth  positively.   Lower  level  of
ammonia  was  observed  throughout  the  culture
period (Fig. 3). This may be partly due to the activity
of heterotrophic  nitrifying  bacteria  in  the  BZEST.
The total plate count was observed to be in the range
of  4.6  X   105  to   1.23  X   107  cfu/mL  whereas  total
vlbrio  density  ranged  from  1.3  x   103  to  4.7  X  104
cfu/mL. With the progression of the crop, there was
an   increase   in   the   level   of  BOD,   ammonia,

phosphate. This is obvious as the input level Increases
with the biomass and progression of the crop.
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Fig.  3.  Water quality  parameters  during  the  lst,  2nd,  3rd  and
4th  month  of culture  progression.

The  high  nutrient  concentrations  in  the  zero
water  exchange  system  promote  the  growth  of
bacteria,   phytoplankton   (mostly  autotrophic
flagellates) and other benericial micro flora (Browdy
et  al.,  2001).  Effective  recycling  of  nutrients  and
other  metabolites  and  maintaining  a   stable
environmental quality through the use of probiotics
or bioremediations is believed to be the driving force
for  use  of  such   biotherapeutic   agents.   The
application of a group of beneficial microorganisms
(such  as   Lacfobaci!!us,  Bacillus,   Ivttrosomonas,
Ce!!ulomonas,  Mtrobacter  cmc!  Pseudomonas,)  is
reported  to  be  very  useful   for  controlling  the
pathogenic  microorganisms  and  water  quality
(Irianto  & Austin,  2002;  Rengpipat,  2003).  Use  of
these eco-based probiotics instead of antibiotics and
other  chemotherapeutic  agents  is  very  much
encouraging  for  coastal  ecosystem  as  it  prevents
this environ'ment loaded with resistant strains and
helps in immunomodulation.  However, the organic
matter  in  the  ponds  after  the  crop  is  high  so
deearthing is  derinitely  required  at  the  end  of the
culture (F`ig.  4). After the crop the organic load and
sludge is to be removed as this may be harmful for
the next crop.

Zero  water  exchange  system  is  an  evolving
culture  practice  often  with  environment  friendly
probiotics  and  chemicals  yielding  successfully  in
West  Bengal  and  other  parts  of  the  country.  The
probiotic based farming system in all account could
be very promising for the farming practices and in
turn,  for the coastal ecosystem for its high  scoring
biosecurity measures and  avoidance of antibiotics
and  objectionable  chemicals.   However,   these
techniques  have  to  be  standardized under  Indian
condition    and    only    defined    probionts    or

1 st                    2nd                    3rd                      4th
Mo nths of cu lture

I-Soll Chganlc Carbon~ Redox

Fig.  4.  Pond  Bottom  Soil  Parameters during  lst,  2nd,  3rd  and
4th  month  with  the  progression  of the  culture.

bioremediators  in  terms  of  its  efricacy  should  be
allowed to have environmental friendly and sustainable
shrimp farming. Though zero water exchange system
is not stressful if managed properly,  still following
a BZEST extensive farming system in tune with the
directives of Aquaculture authority of India is highly
advisable.  Good  water  quality  and  lower  stocking
densities appear to be the best defense against all
diseases. Though zero water exchange system is not
stressful  if  managed  I)roperly  with  environment
friendly probiotics and  chemicals,  still following it
under  extensive  farming  system  in  tune  with  the
directives of Aquaculture authority of India is highly
advisable.  The  greatest  advantage  of  BZBST  is
effective  biosecurity  for  the  cultured  animals  and
in  turn  for  the  coastal  ecosystem.  With  these
advances, bio-secure zero-exchange systems would
represent a significant paradigm shift for both fish
and shellfish culture  system.

ACKN0WLEDGEIVIENTS

The authors express their sincere thanks to Dr.
A.   G.   Ponniah   (Director,   CIBA)  for  his  constant
encouragement  and  support for carrying  out this
research.

REFERENCES

APHA  (1965).  Standard method  for examination of
water sewage and industrial wastes, APHA, New
York,  522p.

Browdy, C.L., Bratvold,  D.,  Stokes, A.D„ Mclntosh,
R.P.  (2001).  Perspectives  on  the  application  of
closed shrimp culture systems. In: Browdy, C.L„
Jory,  D.E.  (Eds.), The New Wave,  Proceedi.ngs o/
the  Specialsesston  on  Sustainable  Shrimp
Chjfure,AquouJfur€2001.TheWorldAquaculture
Society, Baton Rouge,  USA,  pp. 20-34.



Bio-secure zero water exchange system

Burforda,  M.A.,  Thompsona,  P.J.,  Mclntosh,  R.P.,
Bauman,  R  H,  Pearson,  D.  C.  (2003).  Nutrient
and microbial dynamics in high-intensity, zero-
exchange shrimp ponds in Belizee. Aqt{actJJfure
219:  393-411

Federico,  P.A.  (2001).  The  environmental  impact  of
shrimp  aquaculture:  causes,  effects,  and
mitigating alternatives. Aquaou!fure 28, 131 -140.

Irianto,  A.   and  Austin,  8.   (2002).   Probiotics  in
aquaculture.   Jottrnal  o/ Fish  DI.seases  25:
633-642.

Moss,  S.M.  (2002).  Marine  Shrimp  Farming  in  the
Western  Hemisphere:  Past  Problems,  Present
Solutions,  and  Future  Visions.  In:  Lee,  C.-S.,

53

P.J.  O'Bryen  (Eds.),  Proceedings of a workshop
held by the Oceanic Institute,12-15  February
2001,   Honolulu,   Hawaii,   United   States.
Aquaculture Growout Systems-Challenges and
Technological  Solutions,   ReLn.ews  I.n  F!.shen.es
Sc].ence,101  (3-4),  pp.  601-620.

Pruder,   G.D.   (2004).   Biosecurity:   application  in
aquaculture. AquacLtlfuna! Eng].neemg 32: 3-10.

Rengpipat,   S.,   Tunyamum,   A.,   Fast,   A.W.,
Piyatiratitivoraku,  S.  &  Menasveta,  P.  (2003).
Enhanced  growth  and  resistance  to  vibrio
challenge  in  pond-reared  black  tiger  shrimp
PenaetJs  monodon  fed  a  Bacl.!jtJs  probiotic.
Dt.seases o/Aquati.c Orgaulsm 55:  169-173.



•8ii!¥, J.  Indian Soc,  Coastal  agnc.  Res.,  27(1),  54.-56,  2009

Ecology of Zooplankton in Matla Estuary, West Bengal
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Zooplanktons  constitute  the  most  important component of any aquatic  ocosystom  and  are  the
secondary producers transferring energy from primary to secondary levels.  Investigations we're
carried  out  jn  the  brackish  waters  of  tlio  Matla  estuary,  near  Canning  in  South  24-Parganas
district of West Bengal between 2002 and 2004 to assess the hydrological features of tl`e system
and their impact on the occurrence, abundance and spatio.temporal variations of different groups
of  zooplankton.  Zooplankton  consisted   of  a   large  number  of  groups   like  Hydromedusae,
Copepoda,  Decapod  eggs and  larvae,  lvlysids,  Stomatopod  larvae,  Cirriped  larvae, Ampliipods,
Chaetognatha  and fish  eggs  and  larvae  but the cop®pods were trle  most dominant component.
Hydromedusae contributed  very  little to the zooplankton  concentration  but chaetognaths were
present  in  fairly  large  numbei.s.  Major  zooplankton  groups  of  freshwater  origin,  liko  Rotifera,
Cladocera and Ostracoda were complotoly absent in this  region due to their stenohaline  nature
and  the  fauna  comprised  mainly  of  brackishwater  and  marine  forms.  Altogether 40  species  of
copepods  belonging  to  3  suborders,  Cyclopoida,  Calanoida  and  Harpacticoida  were  recorded.
The  calanoids  were  by  far the  most important group  reprosont®d  by  31  spocios  (17 genera  and
11  families).  The  diversity  of both  harpacticoids  and  cyclopoids  was  low  being  represented  by
3 species  (3  genera  and  3  families)  and  6 species  (6  genera and  4 families)  respectively.  Out of
these,  only  a  few  numerically  abundant  species  viz.  Pseuc/od/.aptomus  serr/.caudalus,  Aca/t/.a
erythraea,  Nlacrosetella  gracilis,   Euc;haeta  marina,  Labidocera  acute.   Pontella  andersoni,
Centropages  dorsipinnatus,  Oncaea  venusla,  Oithona  brevicornis,  Acrocalanus  inermis  and
Paraca/anus  dub/.a  (  in  the  order  of  abundance/  comprised  the  bulk  of  density  and  biomass,
The seasonal variations  in the abundance of copepods jn relation to total zooplankton revealed
a  bimodal  pattern  of  variations  with  first  peak  in  promonsoon  and  second  in  postmonsoon.
Lowest density was recorded during monsoon. Amongst the physico-chemical factors, dissolved
oxygen  content was  moderate throughout the study  period.  pH  and  alkalinity  values  remained
almost constant during all  seasons whereas turt)idity was  highest during monsoon.  Phosphate
and  nitrate  contents  showed  simHar  patterns  of fluctuation.  Salinity  was  always  high  varying
between  9.1ppt  and   31.2ppt.  and  was  the  most  important  factor  affecting  directly  both  the
diversity and abundance of zooplankton which was evident from the analysis of the relationship
between  the  mean  population  density  of  different  numerically  abundant  species  and  various
physico-chemical  factors.  It was  obsorvod  that  most  of the  species  were  significantly  related
to  salinity,  either  dii.ectly  or  inversely.

(Key  words:  Estuarine  Zooplankton,  copepods,  Diuersity  and  abundance,  Numerically  abundant
spectes,  Salirmty  relatron.ship)

The Matla estuarine system in the State of west
Bengal  presents  a  complex  hydrological  system,
characterized  by  heavy  load  of  silt  and  changing
naLture  which   has   its   bearing   on   the   faunal
occurrence and abundance during different seasons
of the year.  Some  earlier  workers  had  carried  out
studies on the hydrology,  general plankton ecology
and fisheries of this estuarine system. But very little
attention   has  been  paid   towards  the   study  of
zooplankton composition and variations in physico-
chemical features of the Matla estuary and the same
is also confined  to a very small area around  Sagar
Island   (Baidya  and   Choudhury,   1985).   Hence

present investigations were undertaken to study the
population  of  different  groups  of  zooplankton,
important  hydrological  features  of  the  brackish

water  and  their  impact  on  the  biota  of the  Matla
estuary from 2002-2004.

IVIATERIALS  AND  METHODS

Qualitative   zooplankton   specimens  were
collected   on  a   monthly  basis  with   the   help   of

plankton  net  made  of bolting  nylon  no.  20  (mesh
size 0.075mm).  F`or quantitative estimation  100-200
ml  of water  was  filtered  through  the  net  .All  the
specimens   were   preserved   in   4%   formalin.
Identification and enumeration was done following
the  taxonomic  characters  cited  by  Kasturirangan
(1963).   Physico-chemical  analyses  of  water  were
carried  out  following  standard  methods  of  APHA

(1998)  during  the  pre-monsoon   (PRM).   Monsoon
(MON)  and  post  monsoon  (POM).The  temperature

*Corresponding author:  E-mail: zsioct2003@yahoo.co.in



Zooplankron  in  Matla  estuary

Table  1. Average of the seasonal changes in ujater quahty parameters

55

Water  parameters PRM MON POM

Temperature  (°C) 33 32 25
Transparency  (cm) 8 a 10

pH 8.I 7.9 8
Dissolved  oxygen  (mg  L-I) 4.0 5.1 4.9
Alkalinity  (mg  L't) 210 170 228
Salinity  (ppt) 31.2 9.I 18

Nitrate  (mg  L-I) 0.21 0.19 0,44
Phosphate  (mg  L-I) I.1 1.9 2.0
Primary  Productivity  (mgc  in-3  hr-I)

55 35 88Gross  Primary  Productivity  (mgc  in-3  hr-I)
Net  Primary Productivity  (mgc  in-3  hr[) 25 45 58

Table 2. Seasorral uanations in the percentage
com:posidon of different groups of

zooplankton and total zooplanhion rurrrLber

Groups PRM MON POM

Copepoda 91.88 88.60 90.90
Chaetognatha 1.20. 2.40 I.48

Decapod  eggs and  larvae 2.49 3.78 3.78

Fish  eggs and larvae I.50 2.00 1.28

Hydromedu§ae I.50 I.22 I.90

Others 1.42 2.00 I.20

Total  zooplankton 6444 2251 4555

S vrf:rf `  ¢+   `as*  y»~   T:»>b c$5soR^  giv^ ¢cf`  ¢b  y§  <ff a;fa
Months

I Total Zooplankton  -Copepod   ± Salinity

Fig.1.   Monthly   variations   in   the   total   zooplankton   numbers,
copepods  and  sallnlty

from different depths was recorded with a standard
mercury     thermometer;     transparency     was
determined    using    a    Secchi    Disc;    pH    and
Conductivity using electrical meters.

RESULTS  AND  DISCUssloN

The considerably high temperature during most
part of the year with brief colder period during late

Table  3. Seasonti I I Ianatione Of calanoids and
cyclopo[ds in the estuary

Species PRM MON POM

Canthocalar[us  pauper +

++

++

Eucalartus  elongatus +

E.sul)crassus +

Paracalanus  dubia +++

P.paruus ++

Acrocalanus  siTrrilis

A.inermis

Euchaeta marina +

Centropages  dorsipinatus + ++

C .alcocki +

Pseudodiaptomus  semcaudatus ++ +

P.annandalei + ++

p.binghaThi ++

P.aurivilli
Temora turbinata +

Calanopia elliptica + + +

Lepidocera acula + ++ +

L  .pectinata + +

Pontella  andersoni + +

Acartia  spinicouda + +

Acarfia  ergthraea + + +

Tortanus  grac`ilis ++ ++ +

Mlcrosetella rosea +

Macrosetella  gractlis +

Euterpina.  acutifrons + ++

Oithona breuieorms + +

Oncciea  uenitsta + +

Corycaeus  danae + + +

was comparatively high throughout the year except
during  post  monsoon   perioi't   virr.    a  drop  was

Post-monsoon monthsresulted in abimoda|pattern       noticed.  The  mean  seasonal  values  of  dissolved
of seasonal fluctuation of temperature. The turbidity      oxygen  Content  varied  between  4.0  and  5.1  while
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those of alkalinity were found varying from 127-228
mg L-I. An increase in the phosphate concentration
was noticed during the period January -June. The
monsoon  rainfall  drastically  altered  the  physico-
chemical and biological conditions of the system.

The   seasonal   variations   of   zooplankton
abundance and biomass followed the bimodal pattern,
with the first peak in March and second in December
Fig.1.  Icow values  were  recorded  during high  nood

period.  It was observed  that while zooplankton  was
significantly  and   positively   related   to  water
transparency,  salinity,  phytoplankton  density  and
primary  productivity,  no  significant  relationships
existed with temperature, Nitrate-N and Phosphate-P.

The  copepod  fauna  of the  estuary  consists  of
t)oth  marine  and  freshwater  forms,  in  addition
to    the    resident    species.    It    aLppears    that
Pseudodidptomidae , Acctrtiidcle and Oithorndae were
able to tolerate wide range of salinity and Dtciptomids
are  intolerant  to  higher  levels.   Similarly,  many

marine forms are unable to withstand lower salinity
levels.  It appears  that  copepods  as  a  group  Fig.  1
have  well  adapted  to  quickly  changing  conditions
of the estuary during different seasons.
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Tsunami Tolerant Trees May Serve as Bioshield for
Andaman And Nicobar Islands

A.  VENKATESH1*,  S.  SENTHIL  KUMAR2 and  C.B.   PANDEY

Central Agricultural  Research  Institute,  Port  Blair  -744101

An  inv®9tjgation was  carried out ln two sites viz.,  Baludera and  Pathakthala of Barafang  Island
to  assess  and  evaluate the tsunami  tolerant trees  after Tsunaml  i.o„  during  2005.  The  species
compositions. dlstribution, tolerance, denslty, importance value index (IVI) and dlv®rsity indices
in the coasts  of two sites were studlod. About 16 troos,1  Shrub and  3 climbers  in  Baludora and
5 trees,1  shrub  and  1  climber in  Pathakthala  shown  hlgher tol®ranc®  by  Tegistoring  maximum
survival   after  Tsunami  which   can   be   recommended  for  making   bioshield   in  the   coastal
ecosystem.

(Key words.. Tsunami tolerant trees, Andaman and Nieobar Islands,  Changes in soil qualirty)

Andaman  and  Nicobar  Islands  extended  over
8,249 km2 in the Bay of Bengal  (Dutta et a!.,1985).
These  groups  of  Islands  are  endowed  with  forest
cover of about 86%. Out of this recorded forest area
(7,171  sq. kin), about 40% are under reserved forest
and 60% under protected forest (A&N Administration,
1997) with about 300 species of vascular plants are
characterized  as  humid  tropical  evergreen  forest
(Dagar,1989). The littoral beach forest occupies an
area of 83.02  sq.  kin and  mangroves about 739.51
sq.  kin. This group of Bay Islands also experienced
the Tsunami resulted due to an earthquake on the
sea  floor of the  Indian  Ocean  (3.29°N,  95.77°8)  at
6.20  a.in.  IST,  with  a  magnitude  M  9.3  on  26th
December 2004. This caused major disturbance to
the  coastal  ecosystem  of  Andaman  and  Nicobar
Islands  besides  loss  of  many  human  lives  and
buildings. The work after tsunami pertaining to the
coastal vegetation has been limited.  Keeping these
in view,  an investigation was made during 2005 to
assess the impact of Tsunami to the coastal forest
vegetation; identify the Tsunami tolerant trees and
changes to the soil property in Baratang Island. This
will  give  the  first  hand  information  for  ecological
management and restoration of coastal belt.

MATERIALS  AND  METHODS

Baratang Islands are situated between Middle
Andaman in the north and South Andaman in the
south,  covering 690.49  km2.  An  investigation  was
made  in  two  sites viz.,  (i)  Baludera  (12°08'24.3"  N
& 92°49'08.3"E) and ii)  Pathakthala (12°07'02.6"N
& 920 48'41.6" E) of Baratang Island to assess the

impact of Tsunami to the coastal forest and to screen
the  tolerant  species  for  the  possible  bioshield.
Twenty  quadrates  (each   10m  x  Ion)  were  laid
randomly  in  each  site.  In  each  quadratc  the  total
number of live and dead trees, shrubs and climbers
were  recorded.  Both  live  and  dead  species  were

pooled  and  segregated  in  accordance  with  getting
account of them  before and after Tsunami.  Phyto-
sociological  study  of  the  trees  i.e.,   frequency,
density, abundance and importance value index (IVI)
were computed following Misra (1968). Importance
value index was calculated by summing up relative
frequency, relative density and relative aibundance.

The  species  diversity  for  different  sites  and
situations  was  determined  by  using  Shannon-
Wiener  information  function  (H-)   (Shannon  and
Wiener,1963).

H---Zpi log2 Pi

Where,  pi  =  ni/N,  which  denotes  the  importance

probability  of  each  species  in  a  population;  ni  =
importance  value  for  each  species;   N  =  total  of
important value.

Concentration  of  dominance  (Cd),  known  as
Simpson's index, was measured according to Simpson
(1949):  Index of dominance (Cd)  = I  (ni/N2).

Species richness or variety index (d) is the mean
number of species per sample and determined using
the  formula  of  Margalef  (1958).   Species  richness
index (d)  = S/VN; where,  S = number of species,  N =
number of individuals of all species.

*  Corresponding author:  e-mail:  drvenkatesh.a@gmail.com
]NRC  for Agroforestry, Jhansi  284  003,  U.P.
2 Department of Environment and Forests, A&N Administration.
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Equitability or evenness (e) refers to the degree
of relative  dominance  of each  species  in  that area
and  calculated  according  to  Pielou   (1966)   as:
Equitability  (e)  =  H-/  log  S;  where,  H  =  Shannon
Wiener's   index  and   S   =   Number   of  species.
Sorenson's  similarity  measure  (Cs)   for  species
between  different  sites  were  calculated  following
Magurran (1988).

Cs =  2j/a+b

Where, a = number of species at site A, b = number
of species at site 8, j  = number of species common
to both the sites.

Composite soil samples were collected  in  three
depths  viz.,   0-10cm,   10-20cm  and  20-30cm  at
0-10m,  20-30m,  40-50m,  60-70m  from  the  sea
shore,  and  also  from  adjacent  paddy  field  and
evergreen  forest  in  Baludera  (site   1)  whereas  at
0-10m,  20-30m,  40-50m,  and  also  from  adjacent
mangrove creek and teak plantation for comparison
in  Pathakthala  (site  2).  The  soil  samples  were
obtained  during April  2005  and  March  2006.  The
soils were air-dried,  sieved through a 2 mm mesh.
I`he texture of the soil was also determined for the
initially collected soil samples.

RESULTS AND  DISCUssloN

A  total  of  50  species  were  encountered  in
Baratang coastal area (both  the  sites)  of which  37
trees,  8  shrubs  and  5  climbers,  belongs  to  30
botanical families and 45 genera.  (Table  I).

Site  1.  Baludera

Species distribution and tolerance

Owing  to  Tsunami,  seawater  entered  up  to
130 in, of which initial 70-80m length was occupied
by littoral forests and remaining area by paddy field.
The  intruded  sea  water  receded  permanently
thereafter. A total of 45 species  (trees-34;  shrubs-
6; climbers-5) was noticed before the occurrence of
Tsunami and reduced to 38 after Tsunami.

Before  Tsunami,   among   the   tree   species
maximum  frequency  (92%),  density  (625  mos.ha-I)
and   IVI   (25.67)   was   exhibited   by   AfaJanti.a
maJaban.ca  where  as  the  abundance  was  more  in
Parldantts  fec!ortous   (800   mos.   ha-I).   In  case  of
shrubs,  BJachi'a andamanica recorded higher values
for  frequency   (92%),   density   (2250   mos.   ha'[),
abundance   (2455   mos.   ha  I)   and   IVI   (71.53).   In
climbers,  C[ssLts hastate had more frequency (33%),
density   (117   nos.   ha-I)   and   IVI   (8.03)   while   the
higher dominance was found in  Caesci!p{ni.a bordtJc
and  Premrla corgrribosa  (400  mos.  ha-I).

After  the  occurrence  of Tsunami,  the  species
distribution  trend  was  altered  mainly in  the  trees
ca.tegory.  Cycus  rumphii  a.nd  Syzgium  zeylorricum
were  most  frequently  occurred  (50°/o),  maximum
density in Cycus rt/mphi.I. (142 mos.  ha-I); abundance

(750   mos.   ha-1)   and   IVI   (19.10)   in   Paridcirms
tecton.otts  was  found.   In  case  of  shrubs,   B/achta
andamam.ca dominated for all the parameters.  For
shrubs, maximum frequency (330/o) and density (92
mos. t\a-I) in Caesalpina crista; abundance (550 mos.
ha-I)  and Ivl  (14.62) was evidenced  (Table  I).

About   16   trees   (Agzai.a  hleml!.,  Arfocarpus
chaplasha, Bombax insigne va.r andamanicct, Cycus
rumphi,  Derries  scandens,  Diospyros  marmorata,
Ficus  gibbosa,  Ficus  hispida,  Messus  ferrea,
Oroxylum indicum,  Pongamia pinnata,  Terminalia
cateppa, Terminalia nudifoora, Pandanus tectonous,
Thespesia populnea and Mandkara littoralis), i shrub
(Vi.ten  fri/o!fa)   and  3  climbers  (Caesa!p].na  cris!o,
Caesalpira bonduc and Plecosper"m andamarricum)
shown  higher  tolerance  against  Tsunami  by
registering survival per cent of 81 -loo °/o  (Table 2) .

Soil  parameters

The  soil textural study showed that the gravel
content varies  from  3.6  %  to  26.4%  in  the  littoral
region  and  9.7°/o  in  the  paddy  field  and  11.6%  in
the  ever green  forest.  Clay  content  was  minimum
in  the  coastal  plain  (0  to  O.3°/a)  while maLximum  in
the paddy field  (3.3%)  followed by ever green  forest

(2.9%).  The  reverse  trend  was  occurred  for  sand
content  in  the coastal  belt (69.8  to  94.2%),  paddy
field  (75.9°/o) and ever green  forest (77.20/o).  In case
of  silt  content  it  ranges  from  2.5  to  4.2%  in  the
coastal area,  11.1%  in  the.paddy field and 8.4°/o in
the ever green forest.

Site  2.  Pathaktliala

Species  distribution  and  tolerance

ln  Padakthala  site  almost  the  entire  coastal
forests  (50-60  in  distance)  were  submerged  by
seawater  and  more  over  during  high  tide  period
seawater  reenters  and  reaches  a  height  of  about
I-1.5 in (Plate 3,  4 & 5).  A total of 24 species (trees-
18, shrubs-4, climbers-2) were encountered in this
site  before  Tsunami  and  7  species  were  vanished
after Tsunami.

Afazari{£ci  maJciban'ca  with  maximum  density

(817 mos.  ha-I),  abundance  (1130  nos.  ha-i)  and IVI
36.06;   Cgctts  "77iphi{  with  frequency  (94%)   was
noticed before the Tsunami among the tree species.
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Table 2.  Tolerance capacity of the species under different survival
classes after the Tsurrami at Baratang Island

61

Survival  (%) Baludera Patakthala
Trees Shrubs Climbers Trees Shrubs Climbers

81-100 16 I 3 5 I I

61-80 2 I I I 0 I

41-60 6 I I 2 0 0

21 -40 2 2 0 0 I 0
0-20 8 I 0 10 2 0
Total 34 6 5 18 4 2

In  case  of  shrubs,  BJachi'a  aridamcin!.ca  registered
higher  values  for  frequency  (89%),  density  (1833
mos.   ha-I),   abundance   (2062   mos.   ha-I)   and   IVI

(66.08) in climbers  CaesczJpt.na crI.sfa had maximum
values than  a.ssus has!ata.

After the Tsunami, maximum frequency (94%) ,
density  (667  mos.  ha.-I),  abundance  (706  mos.  ha-1)
and   IVI   (102.23)   was  found   in   Cgcus  rtJmpht.i.
Regarding the shrubs, L{cula pe!fata recorded more
frequency  (22%),   density  (83  mos.   ha-1)   and  IVI

(22 .49) while Blachta ciric!amani.ca scored maximum
for dominance  (500 mos.  ha-I)  (Table  I).

Higher   survival   per   cent   (81-100°/o)   was
exhibited  by  5   trees   (Messt/a  /errea,  Mort.nda
citrifolia,  Sterculia  villosa,  Cgcus  rumphii  and
Mari{!kara J{£{oraJ!.s);  1  shrub (Her['tina !Ittora!!.s); and
1   climber  (Cissus  hastczfa)   in  this  site.   Owing  to
continuous invasion  of sea water during high  tide
leads to more mortality here (Table 2).

Soil  parameters

ln Pathakthala, the gravel content varies form
2.3  to  11.9%  in  the  littoral  forest  while  16.5%  in
the  mangrove  site  and  absent  in  teak  plantation.
Clay  content  ranges  from  0.16  to  0.50%  in  the
coastal  belt,  4.1%  in  teak  plantation  and  0.3°/o  in
mangroves.  The  values  for  sand  are  high  in  the
coastal  area  (83.5  to  94.00/a)  while  less  in  teak
plantation (82.2%) and in mangrove area (72.3%). For
silt content reverse  trend  was observed in the three
categories of site viz., coastal area (2.4 to 4.3%), teak

plantation (13.4%) and mangrove area ( 10.9%).

Diversity indices

The population  size,  plant diversity and  some
mathematical indices  of two  sites before and  after
Tsunami  were   compared   (Table   4).   Sorensen's
similarity indicated that more similarity with in the
sites  and  lesser  between  the  sites,  it  ranges  from
0.42  to  0.93  (Table  3).  Shannon  Wiener's  index  of

diversity, which is one of the most popular measures
of general diversity and varied from 2 .35 (Paththala)
to  3.38  (Baludera).  Concentration  of  dominance
ranged from 6.75 (Pataththala) to 25.25 (Baludera).
Species richn€s§ index was reduced after Tsunami
in   both   the   sites   and   ranged   between   2.80

(Pathakthala)  and  7.68  (Baludera)  betokening the
loss of species due to Tsunami.  Equitability varied
from 0.83 (Pathakthala)  to 0.93  (Baludera) while 8
diversity ranged from 2.46 (before Tsunami) to 4.37

(after Tsunami) in Baludera site (Table 4).

Table 3. Sorensen's similarity index before and
ajier the Tsunami at Baratang lslarid

Sites Baludera Patakthala
Before After Before After

BaluderaPatakthala Before I 0.93 0.58 0.42

After 1 0.48 0.43

BeforeAfter I 0.83I

Table 4. Population size, plant diversity and
rr.athematical indices Of plant diversity

at Baratang Island

Paraneters Baludera Patakthala
Before After Before After

Population  density 517545 177438 530924 118017

(mos.   ha-I)

Species  richness  (mos.)

Shannon  Wiener's 3.26 3.38 2.67 2.35
index  (H)

13.47 25.25 10.37 6.75Concentration  of
dominance  (Cd)

7.68 6.47 4.03 280Richness  index  (d)

Equltabllity  (e) 0.86 0.93 0.84 083

8  Diversity  (Bw) 294 4.24 2.46 437
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In  Baratang  littoral  forest  the  tree  density
ranged from 5175 (Baludera) to 5309 (Pathakthala)
individuals ha-1  which is compatible to tropical and
ever green  fores;ts  where  tree  population  has  been
recorded to as low as 40 individuals ha-I in tropical
wet forest and  as high  as 2005 individuals hal  in
ever  green  forest  of  Brazil  or  more   (3310-3167
individuals  ha-1)   in  mangrove  forest  of  Guinea

(Gillian  ef aJ.,1995;  Haase,1998;  Rao  e{ a(.,1986).
The species richness ranged from 24 (Pathakthala)
to  45  (Baludera)  which  is  comparable with  earlier
reports available for Saddle peak forests of Andama.n
Islands  (25-61)  (Tripathi  et a!.,  2004).

Owing  to  the  invasion  of sea  water with  high
salt content in the coastal area and adjacent sites,
it  altered  soil  chemical  property  suddenly.  This
results in dying of susceptible shrubs, climbers and
trees. The magnitude of mortality varies concording
to  the  tolerance  offered  by  the  individual  species
and age of the plant.  In general big trees were less
affected  compared   to   small   trees,   poles   and
seedlings having succulent stems. At the same time
even the tall tress near by the coast were uprooted
and fall down due to coerce rendered by the strong
Tsunami waves.

Reckoning the damage caused by Tsunami and
its  possibility  of  reoccurrence,  it  is  necessary  to
revive   the   damaged   coastal   forest   belt   by
reforestation through planting suitable tree species.
Considering the  tolerance  capacity,  I.n-si.fu  nature
and  post  Tsunami  survivability  the  species  like
Aglala hiemii, Artocarpus chaplasha , BOTrLbax insigne
va:I.  andamartiea, Cycus rumphi, Demes scanderrs,
Diospgros marmorata, Ficus gibbosa, .Ficus hispida,
Messus fierrea, Oroxylum indicum, Pongarnia pinnala,
Terminalia cateppa, Terminalia rmdiflora, Pandanus
tectorious ,Thespesia popuinea,  Marrilkara littoralis ,
Mormda citrif oho and Sterculia villosa caLr\ be uthized
for making bio wall and  maintaining the  optimum
plant  diversity  in  the  littoral  forests  at  13aratang
Island of Andaman and Nicobar Islands.
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Managing Saline Groundwater of Coastal Area
through Community Participation Approach:
A Case Study of Mangrol Taluka in Gujarat

sHiTAL  LODmA

Sardar  Patel  Institute  of  Economic  and  Social  Research
Nr.  Thaltej  Tekra,  Drive-in  Road,  Ahemclabad  -380  054

Change in cropping pattern towards cash crops along with free electricity has raised the demand
of  water  for  agricultural  purpose  in  the  coastal  I.ogion  of  Gujarat,  AS  a  result,  the  rate  of
withdrawal  of groundwater exceeded  the  rate  of recharge.  This  has  resulted  lowering  of water
table  and  saline water  intrusion  to  it  duo  to  rovorse  hydraulic  gradient and  capillary  action  in
the coastal  region.  Implementing  regulatory and economic reforms to  control  groundwator use
ls  rather difficult for the  state.  In  this situation,  community  based  regulatory  approach  are the
most appropriate approach. Thls paper presents a case study from the Mangrol taluka of Gujarat
coastal  region  in which community based regulatory mechanism  has facilitated  local  people to
maintain tholr llvelihood by using 9roundwator in an efficient manner. The case study has looked
Into the community-based approach adopted  by village level institutions. Two major strategies
namely.  use of drip  irrigation and  promoting  horticultural  crops, are studied  in details for their
implications on  groundwator resources, The study has shown that community based stratogios
have drastically  reduced withdrawal  of groundwater in the coastal villages of Mangrol  Block in
Gujarat.

(Key  Words:  Community  Participation,  Coastal  Ecosystem  MarLagemeut,  Salinity,  Groundu)clter
management)

Intensive agriculture has increased the amount
of water used per unit output.  Change in cropping
pattern along with free electricity has further raised
the demand of groundwater for agricultural purpose
in  the  coastal  region  of Gujarat.  As  a  result,  the
rate of withdrawal of groundwater exceeded the rate
of recharge.  Over  withdrawal  of groundwater  has
reduced   groundwater   level.   This   decline   in
groundwater  table  has  further  accelerated  the
process of salinity ingression.  Salinity has become
both  cause  and  effects  of the  degradation  of land
and water resources. Implementing regulatory and
economic  reforms  to  control  groundwater  use  is
rather  difficult  for  the  state.   In  this  situation,
community based regulatory approach through local
level institutions seems to be the most appropriate
approach.  This  paper  presents  a  case  study  from
the   Gujarat  coastal   region,   where   local  level
institutions have facilitated people to maintain their
livelihood  by  using  groundwater  in  an  efficient
manner  through  community  based  regulatory
approach.  The  study  has  assessed  the  role  of
institutional development and capacity building in
promoting people to adopt horticultural crops that
use less water and in implementing water efficient
technologies.

Corresponding author:  Email.  s|odhia@rediffmail.com

MATERIALS  AND  METHODS

The study includes the survey of three salinity-
affected coastal villages namely;  Kukaswada, Virol
and  Farangta.   Basically,   three  types  of  local
institutions have been working to address salinity
issues in these coastal villages of Mangrol taluka of
Gujarat  for  four  years.  The  first  effort  under
community organizing strategy was the formation
of Pani Samiti. The major functions of Pani Samiti
were to promote people's movement and to plan for
physical interventions. Later on KAJ (Kharash Atkao
Juth) was formed to address specific issue of salinity
prevention.  Expanding  the  community  organizing
strategy,  KASS  (Kharash  Atkao  Sankalan  Samiti/
was  developed  for  coordinating  KAJ  of  different
villages and  helping in exploring market linkages.
All  the  three  institutions  are  technically  and
financially supported by AKRSP (I).

In order to assess the role of local institutions
and  their  impact  on  villagers,  a  representative
sample   was   drawn   from   village   households.
Stratified  random  sampling  method  was  used  for
selecting sample households. First, a detailed house
listing was  carried  out  in  all  the  three  villages for
selecting the sample. Households were then classified
as  per  landholding  categories.  Landholding  size  is
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very small in the study area. As per the agricultural
census  a  farmer  having  more  than   10  hectare  of
land is known as large farmers. The study area has
only 0.5  percent large  farmers.  Further,  the  share
of farmer having more  than  5  hectares is only 3.2
%. Thus the classification of census for landholders
gives  highly  skewed  distribution.  To  have  normal
distribution  of landholders,  the  new classification
as  per  the  local  unit  is  applied  to  the study  area.
From  each  landholding  category,  around  20%  of
households were selected on a random basis. In all
210  farmers  were  selected  according  to  different
landholding categories  (Table  1).

Table  1. Sample Househoids

Villages Size  of Landholdings(in  Vigha)

MF SF MedF LF Total

Kukaswada 24 37 43 34 138

% 17.4 26.8 31.2 24.6 loo

Vlrol 2 6 12 9 29

% 6.9 20.7 41.4 31.0 100

Farangta 4 14 13 12 43

% 9.3 32.6 30.2 27.9 loo

Total 30 57 68 55 210

% 14.3 27.1 32.4 26.2 loo

Note:  Categories of landholders are;
1  ha  =  5.43  vigha
MF  =  Marginal  Farmer  (<  2.5 Vigha)
SF=  Small  farmer(  2.5  to  5  Vigha)
MedF =Mcdium  Farme  (  5  to  10  Vigha)
LF=  Large  Farmer  (>  10 Vigha)

RESULTS  AND  DISCUSSION

Creating awareness to participate in development
activities

These institutions (Pani Samiti, KAJ and KASS)
have created awareness among the villagers to know
their  rights  and  how   their  participation   in
development  work  can  improve  the   situation.
Women  are  encouraged  not  only  to  participate  in
these institutions but also to take part in decision-
making  activities.  Knowing  about  the  importance
a.nd  benefits  of creating  their  own  groups,  people
have also started participating in other community
development institutions like Mahila-mandal, youth
association   and  other  village   level  institutions.
Above 80% of the villagers agreed that the work of
these  institutions  was  helpful  in  some  way  or  the
other. It was found during the survey that the people
were  aware  of  the  various  development  related

programmes conducted by these institutions in their
villages.

Around  46%  of the  sampled  households  have
one  or  the  other  member  actively  participating  in
institutional   activities.   Approximately,   28%  of
sampled  households  have  their  family  members
working  in  KAJ,  while  around  15%  of them  have
their family members working in  Pani  Samiti.  It is
interesting  to  note  here  that  over  70%  of  the
respondents are aware about the various activities
conducted  by these  institutions for the prevention
of salinity ingression in their villages.  Most of them
found Village level institutions to be helpful. On an
average  16% of respondents specifically mentioned
their  awareness  and  knowledge  about  techniques
used  for efficient use  of groundwater (Table  2).

Water management in  agriculture

As  mentioned  earlier,  salinity  ingression  due
to  over-withdrawal  of  groundwater  has  been  the
major  problem  of  this  region.  In  order  to  control
withdrawal of groundwater it is very important that
the' water   is  used   in   a  wise   manner.   Water
management   in  agricultural  usage  becomes
important in this regard. Local level institutions KAJ
and   KASH   promote   horticultural   crops   and
encourage   farmers   to   adopt  micro   irrigation
practices  such  as  drip  irrigation  and  sprinkler  as
technical   devices   for   saving   water   used   in
agriculture. To analyze the improved irrigation with
horticultural  crops;  it  is  important  to  understand
the cropping pattern of the study area. The Table 3
shows  that  different  cropping  pattern  in  all  the
Selected  villages  make  variation  in  overall  figures
of gross draft of groundwater. Adopting horticultural
plants is rather difficult and there is need to change
the mindset of farmer.  Return from cash crops like
groundnut is more in short term when compared to
that of Chikoo plantation as Chikoo plantation starts
giving fruits  only after  five years.  However,  over a
period  of  time  the  return  increases  in  Chikoo
plantation.  Different research  studies and surveys
have proved that the returns from Chikoo plantation
over a  period of twenty years  are much  more than
that of groundnut (Mishra, 2002 and Lodhia, 2004).

Horticultural  crops require less water.  This  is
reflected  in  case  of gross  draft calculated  for each
crop.  Groundnut  is  mostly rain fed  crop.  However,
the frequent droughts and vagaries of rainfall forces
farmers to irrigate groundnut from well. Wheat is a
wir.ter  crop,  which  requires  more  irrigation.   An
analysis  of gross  draft  for  different  crops  in  these
villages   shows   that   water   requirement   for
horticultural  crops  is  less   than   half  of  water
requirement in groundnut or wheat. Thus promoting



Community approach for groundwater management

Table 2. Aujreness about the work carried out through Pctni Samiti, KAJ and KASH
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Vlllage Helpful% Carrying  out Organize  public Carrying  out Teach  efficient No  response%
different meeting village use  of

programmes works development groundwater
% % % %

Kukaswada 80.6 9.7 3.2 4.5 16.7 00.0

Virol 8.7 7.7 23.I 15.4 20.0 25.1

Farangta 7.1 35.7 7.1 8.6 14.3 27.2

Note.  total percentage is not equal to hundred because of the multiple answers

Table 3. Village u]ise peTceutage of gross cropped area under different crops

Village Groundnut Wheat Bajra/Juwar Coconut Chikoo Banana Total

Kukaswada 31.2 9.4 16.7 67.4 17.4 13.0 155

Vlrol 89.7 55.2 34.5 0.0 6.0 3.4 189

Farangta 97.7 58.1 34.9 2.3 1.0 0.0 194

horticultural   crops   can   drastically   reduce
withdrawal of groundwater.  Using micro irrigation
techniques for horticultural crops further declines
the withdrawal of groundwater. The results showed
that  the  difference  in  gross  draft  of farmers  with
a.nd without using micro  irrigation  devices  is very
high for all the crops.  It shows that the quantity of
water  drawn  for  irrigation  can  be  significantly
declined  by using micro irrigation  techniques.  It is
important to see how the micro irrigation techniques
help in conservation of water in the study area. This
is explained by using indicators like pumping hours
and drafting of water.

It could be observed from the Table 4 that there
is a big gap  in  average  hours of pumping between
farmers  with  and  without  using  micro  irrigation
devices.  Pumping  hours  for  the  farmers  who  are
using micro irrigation  devices are less.  The ratio of

pumping  hours  between  beneficiaries  and  non-
beneficiaries  of micro  irrigation  devices  is  1:7  for
Kukaswada,I:  1.7 for Virol and  1 :  I.8 for Farangta.
Majority of the area in Kukaswada taluka is under
horticultural crops.  As horticultural  crops  require
less   water,   the   average   pumping   hours   in
Kukaswada  is  less.   Further,   the  difference  in

pumping hours between farmers with and without
Table 4. Average hours Of pumping per farmers

Village With  micro Without  micro
Irrigation irrigation

Kukaswada 14 93

Virol 136 240
Farangta 133 239
Total 139 199

drip  irrigation  techniques  in  Kukaswada  is  quite
visible showing the effectiveness of micro irrigation
techniques in horticultural plantation. On the other
hand, sprinklers are widely accepted for groundnut
crop   in  Virol   and   Farangta.   This   shows   the
effectiveness  of  the  technical  devices  of  micro
irrigation in reducing pumping hours. It is important
to  note  here  that  pumping  hours  depend  on  four
other variables, namely capacity of pump, depth of
groundwater,  cropping  pattern  and  airea  under
irrigation. Pumping hours can be less when capacity
of pump is high or the depth of groundwaLter is less.
All  the  three  villages  are  located  near  coastline.
Therefore,  the groundwater level is not much deep
and  the  variation  is less among coastal villages of
Mangrol   taluka   starting  from   15   in  to  25  in.
Secondly,  the  range  of capacity  of pump  used  by
farmers in  this region varies from  5  HP to  10  HP.

It is important to calculate how much reduction
occurs  in  gross  draft  per  farmer  when  both  the
strategies  are  adopted  together.   Gross  draft  per
farmer has reduced by 69% in Kukaswada, 35% in
Virol and 63% in Farangta for the farmers who have
adopted   micro   irrigation   devices.    Further,
Kukaswada is showing less withdrawal of water per
farmer compared  to those  of other two villages;  as
most  of  the  farmers  in  Kukaswada  have  adopted
horticultural crops.  Once again  the table confirms
that  farmers  using  micro  irrigation  devices  for
irrigating land are withdrawing less water.

The  effect  of  micro  irrigation  devices  is  quite
effective when average gross draft per  VIgha /Vi.gha
is a local unit of area 1  ha = 5.43  VI.gha) is calculated.
Table  5  shows  that gross draft  per  V!.gha of laLnd  is
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Table 5. Average gross drcrfu per farmer per Vigha

Village With micro Without micro Total Reduction in gross
irrigation m3 irrigation m3 Average m3 draft by using microirrigationdevices°/o

Kukaswada 1956 6303 6103 69.0

Virol 6905 10694 10441 35.4

Farangta 7281 19460 17430 62.6

much less when micro irrigation technique is used.
The   difference   is   quite   high   in   Farangta   as
beneficiaries of micro irrigation devices withdraws
only 284 cubic metres to irrigate one  VI.gha of land
as  against  of  2150  cubic  metres  groundwater
withdrawal  by  non  beneficiaries.  In  case  of Virol,
non-beneficiaries  withdraw  five  times  more  water
than  that  of beneficiaries  to  irrigate  one   VIgha  of
land.  However, the reason for such a big difference
in  these  two  villages  is  due  to  different  cropping

pattern of benericiaries and non- bcnericiaries. Most
of the beneficiaries grow horticultural crops, which
require  less  water.  Irrigating  such  horticultural
crops with drip irrigation device drastically reduces
the  use of water resources.  In case of Kukaswada,
the difference is less as many non-beneficiaries also
cultivate  horticultural  crops,  which  require  less
water.

In  short,  overall  groundwater  withdrawal  can
be controlled by using modern irrigation techniques
in  a  vast  geographical  area.   Such  type  of  water
management in agriculture can help in maintaining
balance  of groundwater  resource  of the  region.  In
order to reduce the withdrawal of groundwater, the
role of village level institutions is quite signiricant.
The work of KAJ, KASS and Pani Samiti has started

showing  their  positive  effects  through  various
indicators. Adopting horticultural crops and using
drip irrigation or sprinklers have drastically reduced
withdrawal  of groundwater  in  these villages.  With
more and more farmers taking the benefits of such
devices, it will make a positive impact on larger scale
by  improving  water  resources  of  the  region  and
protecting the livelihood of local people. Thus local
institutions  can  support  government  work  to
implement  strategies  related  to  reducing  demand
of  groundwater.   The  control  on  withdrawal  of
groundwater along with recharge at a large scale is
the  only  solution  to  regenerate  the  declined  and
deteriorated  groundwater  resources.   This  will
ultimately  result  in  preventing  salinity  ingression
and protecting and maintaining the current level of
livelihood in this region.
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Influence of Integration of Bioinoculation with
Chemical Fertilizers on Potato Crop Grown on
Coastal Alluvial Soil of Puri District in Orissa

In  order  to  enhance  the  vegetable  production
in the state of Orissa, particularly potato production,
Government  had  initiated  several  steps  namely:
supply of good  quality  tubers,  integrated  nutrient
management and integrated pest management, etc.,
under Horticultural Mission Programme. The Orissa
University   of   Agriculture   and   Technology,
Bhubaneswar  through  ICAR  Net  Work  Project  on
"Biofertilizers"   undertook   a   programme   on

integrated      nutrient      management     using
bioinoculants namely Azo{obcicter, Azospt.ri.!fum and

phosphorus solublising bacteria (PSB) with soil test
based  chemical  fertilizers  on  potato  crop  in  the
village  Musunpur  under  Nimapada  Block  of  Puri
district which was 15 kms away from Bay of Bengal.
The  objective  of the  experiment  was  to  study  the
influence  of  integration  of  bioinoculation  with
graded doses of soil test based fertilizers compared
to farmers practice in the coastal block of the state.

The experiment was conducted in eight farmers'
field considering each farmer as one replication. The
test crop potato  (cv.  Kufri Jyoti)  had  received four
treatments  in  each   farm;r's  field  namely:   (I)
Farmers  practice,   (ii)   Soil  test  based  chemical
fertilizers,  (iii)  75 % of soil test based fertilizers (NP)
+  bioinoculation  and   (iv)   100%  soil  test  based
fertilizers  (NP)   +  bioinoculation.  The  soil  of  the
experimental area was sandy loam to clay loam in
texture, acidic in reaction, concentration of soluble
salts  (EC)   <   1.0  dsm-1,   organic  carbon,(6.6g  kg-1
2M  Kcl extractable NH4+ + N03-N 260 kg ha-I and
neutral N ammonium acetate extractable K 299 kg
ha-I were medium in status, the Bray's-1 P was 16.3
kg ha-I high and the Cac12 extractable S was low in
status  (Jackson,   1973,  Page  et  aJ.,   1982).  In  the
farmers  practice,  the  farmers  of the  area  used  a
dose  of  160-125-75  kg  of  N-P205-K20  ha-1  in  the
form of diammonium phosphate, urea and muriate
of  potash,   respectively.  The  full  dose  of  K  was
common  to  the  integrated  treatments  except  for
farmers   practice   (FP).   The   soil   test   based
recommended dose was  150-75-125 kg N P20s-K20
ha" supplied through urea, single superphosphate
and  muriate  of potash,  respectively.  The  FYM was
applied  @  8   t  ha-i   uniformly.   The  Azotobclc!or,

Azospi.rl.!!ttm and PSB isolated form local area were
inoculated to FYM in  1 :25 ratio and kept incubated
at  50  per  cent  moisture  for  seven  days  and  then
used as inoculum at the time or planting of tubers.
The  PRA activity before  experimentation indicated
that the farmers of the area use mostly sulphur free
source  of fertilizers  like  DAP,  Urea  and  MOP.  The
fertilizers were applied in two splits: 25 per cent as
basal and 75 per cent after twenty days of planting.

The  mean  yield  of  potato  crop  has  been
presented in Table  i. The tuber (fresh) yield due to
four  different  treatments varied  between  281  and
450 q ha-I. The yield due to soil test based fertilizer
dose was  375  q ha-I.  The  farmers  dose yielded  25

per cent less,  75 °/o soil test dose + Bio inoculation
(81) and  loo % soil test dose + 81 yielded 15 and 20
per cent more tuber than the soil test based dose
respectively.  The  dry  matter yield  varied  between
20.3 and  105.8 q ha-I which followed similar trend
as that of the tuber yield (Table  1).

The integrated treatments not only influenced the
tuber and drymatter yields signiricantly but also the
nutrient uptake by the crop (Table 2). The amount of
nutrients uptake followed the order K > N > P > S.

The post harvest soil properties indicated that the
soil after cropping had tuned more acidic (Table 3).
The available K status irrespective of the treatments
had decreased as a result of its higher removal by
the crop. The sulphur status under farmers practice
had  decreased where as in  rest of the  treatments
(where SSP was used) there was small increase. The
NH4+ + N03N and Bray's-i  P status were maintained
at higher level mostly due to rixation by microbs or
less utilization by the Crop. Even though the farmers
of the block use more quantity of fertilizers (360 kg
ha-I) than the soil test based dose (350 kg ha-I), the

yields  were  less  because  the  farmers  dose  was
unbalanced with respect to K, S (less) and P (more).

The study indicated that not only the  soil test
based fertilizer recommendation is essential but also
the  integration  of mixture  of bioinoculants  either
with 25 % substituted doses or full doses of N and
P for optimum yield of potato crop.
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Table  1.  Yield Of potato as mfoueneed by balanced and integrated nutnerLt rrLanagement

Treatments Yield (q  ha-I)

Tuber  (fresh) Dry tuber Dry  stover Total  drymatter  yield

Farmers  practice 281.0   (-25) 60.6 19.7 80.3a  (-17.4)

Soil  test based  dose 375.0 71.7 25.5 97.2b

75  %  soil test dose  +  81 429.0   (+15) 77.4 26.3 103.7c   (+7)

100  %  soil test dose  +  81 450.0  (+20) 78.3 27.5 105.8  d   (+9)

CD  (0.05) 16.8 - 2.05

CV  (%) 12 11

Table 2. Nut  eat uptake by the potato crop as influenced by balanced and integrated rTutneut Trranagerr.ent

Treatments Nutrient  uptake  (kg  ha-I)

N P K S

Farmers practice 146.Oa 12.9a 212.4a 9.Oa

Soil test based dose 200.9b 18.6b 260.6b 16.Ob

75  % soil test dose  +  81 195.9b 20.1C 270.6C 165b

100  % soil test dose  +  81 208.Oc 20.3c 280.2d 18.7C

CD  (0.05) 7.1- I.2 9.1 0.92

CV  (%) 11 9 14 12

q`able 3. Post harvest soil properties as influenced bg balancecl and integralecl rtutrient management

Treatments Soil  properties

pH EC OC NH4+ Brays-IP NH4- Cac12-S

(dsm-I) (g  kg  -1)

(kNg°E-aYl)
(kg  ha-I) OAc-K(kgha-I) (kg  ha-I )

Farmers  practice 5.54 0.089 6.5 392 18.3 237 14

Soil  test  dose 5.52 0.098 6.5 252 19.4 298 24

75% soil  test dose  +  81 5.50 0.072 6.7 282 18.6 192 20

100% soil  Test dose  +  81 5.31 0.102 7.2 314 19.8 234 22

Initial 5.59 0.09 6.6 260 16.3 299 18

AINP  on  Biofertilizeis,  Department  of  Soil  Science  and
Agricultural  Chemistry,  College  of Agriculture,
OUAT,  Bhubaneswar-751003,  Orissa

REFERENCES

Jackson,   M.L.   (1973).   Soil  chemt.ca!  analusis
Prentice  Hall of India Pvt.  Ltd.,  New  Delhi.

S.   K.   PATTANAYAK,  S.  MOHANTY,
G.   P.  MOHANTY  and  D.  L.  N.  RAO

Page,   A.L.,   Miller,   R.H.   and  Keeny,   D.R.   (1982).
Methods Of soil analysts part 2.  Chemtcal and
mierobiological properties,  American Society o[
Agronomy,  Madison,  Wisconsin,  USA.



•.¥¥i`.'
J. Indinn Soc. Coastal agnc. Res., 27(\|, 69-70, 2009 Short Communication

Length-weight Relationship, Condition Factor and
Food 8c Feeding o£  Harpodon nehereus (HZLm)

in Damanganga Estuary of Daman

Hcirpodon nehereus (Ham) , popularly known as
"Bombay duck" is one of the inshore shallow water

estuarine  fish  of  Damanganga  estuarine  system.
The fish belongs to family  Scape!I.c{ae and is mostly
relished  by  people  of  coastal  areas.    The  fish  is

generally  sun  dried  and  sent  to  interior  markets.
Bombay duck fishery  forms  about more  than  10%
of the estimated average estuarine landings of India
with a particular species in estuamine landings of
India with aL particular species in estuarine waters
of  Gujarat  and  Maharashtra.  The  mathematical
expression of length weight relationship of different
species has been studied by Pillay ( 1951), Chatterji
et aJ.  (1984) and Nurul Amin (2001) in different river
systems.   Such biological studies have considerable
use to fishery biologists in determining the pattern
of growth and in  population dynamics.   Variations
in the basic cube law are measured by the condition
factor  or  coefficient  of  condition  and  are  utilized
towards understanding of nutritional and biological
cycles  of the  species.   The  fish  breeds  throughout
the  year  with  peak  breeding  during  December  to
March.     Minimum   size   of  maturity  has  been
estimated  to  210  mm  in  length.    The  fishes  are
caught  with  c!oJ  nets  and  boat  seines  from  the
estuary where the salinity ranges between 4 to 32.86
ppt.  The present paper deals with the length-weight
relationship, condition factor and feeding habits of
fJczrpodon nehereus from the Damanganga estuary
of Daman.

The samples were collected from the commercial
catches of river Damanganga.   Length of fish ranges
between  102  and  315  mm  and  weight between  05
and  275  g  was  measured.    The  relationship  was
determined by using the non-linear equation W = a
Lb (Le Cren,1951) or the logarithmic transformation
log W  = log a + b log L,  where W =  total weight  (g)  of
the   fish;   L  =   total  length   (cm)   of  the  fish;   a  =

proportionality constant;  b  =  exponential value  or
regression  co-efficient.   The values  of `a' and  `b'  in
the  equation  are  estimated  using  the  methods  of
least  square.    The  Correlation  coefficient  (r)  was
calculated  following  standard  statistical  method.
The relative condition factor was expressed as Kn =

w/w', where W is the observed weight and W' is the
calculated  weight,  Kn  was  calculated  for  different
lengths  separately  and  for  different  months.    For
analyzing the food and feeding habits, the guts were
dissected carefully, weighed to the nearest 0.1 g and

preserved  in   10%   formalin   solution.     The  gut
contents  were  analyzed  following  occurrence  and
volumetric methods.   Food items were identified up
to  generic  level  and  enumerated  for  each  fish,
separately.   Food  preferences  were  determined
through the  index of preponderance.   The  relation
between lengths and weights for Hapodori nchereus
came out as:

W  =  0.000009656  x  L 3 3196

0r
Expressed logarithmically as:

Log W  =  -6.0152  +  3.3196  log  L

The  values  of  exponent  `a'  usually  ranges
between 2.5 and 4.0 as observed by Hile (1936) and
Martin  (1949),  but  Allen   (1938)  suggested  that
values for `a' remains constant at 3.0.  The `a' value
for  Harpodon  neheretts  was  found  to  be  6.0152
which   also   confirms   with   the   findings   of
Narasimbham  (1970)  who  reported  that  value  of
exponent  increases  in  a  carnivorous  fish  which
devours  big  prey.    The  correlation  coefricient  (
was  found  to  be  0.9708  showing  a  high  degree
correlation  between  the  two  variables.    Standard
error of `n' was 0.0238 and the regression coefficient
(3.3196) was tested through Fisher's t-test.   It was
found  to  depart  at  3%  level  of significance  with  5
d.I.  (t  =2.4506).   The logarithmic expression  of the
formula gives a straight line.   The condition factor
(Kn) is affected by the length as well as other factors
like  environment,   food  supply  and  parasitism.
Changes in Kn values may yield evidence concerning
size  at   first  maturity,  while  the  seasonal  cycle  of
fish as the function of robustness and condition of
gonads.  Le-Cren ( 1951) indicated that the condition
factor  Kn  in  perch,  Perca flttLJt.tt.a!t.s  is  affected  by
the  length  as  well  as  several  other  factors  like
environment, food supply and parasitism.  Changes
in Kn values may yield evidence concerning size at
first maturity, while the seasonal fluctuations is Kn
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Table  1. Index of pTeporrderance Of IIarpodort neheTeus of Damanganga estuaru

Gut  Contents Percentage Percentage Vivi Vivi  x  100 Statu s
occurrenc(Oi) volume (Vi) Vivi

Fish 34.79 35.30 1228.087 23.79 11

Molluscs 1.48 2.0 2.96 0.06 Ill

Crustaceans 63.74 61.67 3930.8458 76.15 I

may reflect the spawning cycle of the rish .  Relative
condition  factor  which  is  a  ratio  of  observe  and
calculated mean weight was calculated for different
months which showed one spawning season during
the period December/January.

Harpodon nehereus is a carnivorous fish which
feeds upon fish, prawns and molluscs became even
cannibalistic in habit.   It is a very voracious feeder
and  the  foods  are  found   comprising  of  Col.lea
dussumien, Polynemus sp., Anehouiella sp„ 01olithus
sp    I,iza parsia, hiza tade, and Harpodon neheTeus

juveniles.    Crustaceans   constituted   mainly
Bregmaceros  macclellarrdi  a.nd  Acetus  ir.dicus ,
[o\\owed by Parapenaeopsis stglifera,  Metapenaeus
breLJ!.corm's.   Mollusks represented  Sep].a o/fcfna!is,
So/en sp.,  and   clams.   The index of preponderance
of food showed that crustaceans occupied the first
place of preference,  followed by fish and mollusks.
The  principal  group  of  food  items,  according  to
occurrence  methods  constituted  crustaceans
(76.15%),  fish  (23.79%)  and  mollusks  (0.06%),  as
shown  in the Table.  1.

Regional  centre,  Central  Inland  Fisheries  Research  Institute                       V.  KOLEKAR
House fed  complex,  Dispur,  Guwahati-781006  (Assam),
Email  :  vjy-kolekar  @yahoo,co.in
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in-3 (= g cm-3), franspi+af/.on /ate = mg in-2 s-1,  waterconlent ofso/./ = kg kg-1  or m3 m£,  waterfons/.on = kpa (or) Mpa,
y/.e/d /gra/.n or forage) = Mg ha-1  ( = ` ha-1), organic carbon content of soil = g kg-1  (= percent (%) x 10),  milligram  per
kg  = mg  kg-'=  parts per million  (ppm),  cation exchange capacity of soil  = cmole(p+)  kg-1 ( = meq  100 g-1)

The authors are advised to look into a latest issue of the Journal of the Indian Society of Coastal Agricultural Research
for preparation of manuscript for publication.

A  set  of  manuscript  (one  soft  copy  (CD)  +  two  hard  copies)  complete  in  all  respect  is  to  be  submitted  to  'The
Secretary, Indian Society of Coastal Agricultural Research. Central Soil Salinity Research Institute. Regional Research
Station,CanningTown,WestBengal,India,PIN-743329'.Authol`=arealsorequiredtosubmitacopyoftheManuscript
tothesociefythroughe-mall<iscar.c@gmajl.com>.Thereceiptofthemanuscriptwillbecommunicated(electronically),
provided the corresponding author's e-mail address is given in the manuscript. All the subsequent correspondences
regardingtheManuscriptwillbedoneelectronicallyonly.UtmostattemptsaremadetoexpeditereviewofManuscripts
and publish the accepted ones at the earliest opportunity.
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