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Soil-site and Rainfall Characterization for Land Use Planning under
Coastal Agroecosystem in North Coastal Andhra Pradesh

K.  RAMALINGA  SWAMY,  P   JAMUNA  and  D    SUMA  CHANDRIKA

Regional  Agricultural  Station,  Anakapalle  -531001,  Andhra  Pradesh

The   National   Agricultural   Technology   Project   on   .`Land   Use   Planning   for   Management   of
Agricultural   Resoui.cos   iinder  Coastal  Agroecosystem"   has   been  taken   up  at  S.   Rayavaram
manda/,  Visakhapatnam  district  (Andhra  Pradesh  state) which  falls  under  18.4 Agroecological
subregion.  The  operational  a[Jea  of the  pilot project  has  been  exjecuted  in  two tiamlet  villages
(Kothapolavaram  and  Kotharevupolavarm)  of Gudivada  village,  S.Rayavai.am  manda/,  covering
nearly  300  ha  area.  Detailed  soil  silrvey  (NBSS  &  LUP,   Bangalore)  conducted  in  the  pilot  site

(June  2002)   sliowed  two   major  land  lorms  viz.,  transitional   plains  and   marine   plains  which
were  categorized  into  five  (A,  a,  C,  D  and  E)  and  three  (F.  G  and  H)  soil  series,  respectively.  The
§oils  in  transitional  plains  were  very  deep,  clay  to  sandy  clay  (or)  fine  loam  in  textui.e,  formed
from  alluvium  deposit with soil  constraints  of imperfectly to very  poor drainage  and  soil  salinity
having  substratum  with  salt  encrustation.  The  soils  of  marine  plains  are  also  very  deep,  but
well  to  excessively  drained,  sandy soils  formed  from  marine  sand.  The  annual  characterization
over  25  years  (1978-2003)  showed  that  the  mean  annual   rainfall  was  774.7  mm,  out  of  which
more than 500/a  rainfall (443.2 mm) was  received during South West monsoon (June-September)
and  28.1%  (217.7  mm)  was  received  diiring  North  East  monsoon  period  (October-December).
Land  use  pattern  over  13  years  (1999-2003)  indicated  a  gradual  shift  from  growing  crops  like
paddy,  pulses.  millets  used  to  be  grown  earlier  to  orchards  at  present  by  tlie  farmers.  Taking
this shift of crops  into  consideration and  keeping  in  view the soil-site  characteristics  and  raintall
characterization  in the study  area, sustainable  land  use  plans  involving  new cropping systems
and  farming  systems  were  suggested  in  transitional  and  marine  plains  soils  for  increasing
economic  retiirns  of the  farmers.

(Key  u)ords  :  Sotl-site  charactenzatlon,  Ratrfall charactenst\cs,  Land use planmng,  North coastal
ArLdr[ra  Pradesh)

North coastal zone is one of the seven agroclimatic
zones  of  Andhra  Pradesh  state  (Subba  Rao,   1995).
Grouping  of  geographical  area  on  the  basis  of  some
criterion  similarity  is  an  important  step  in  a  number
of  studies   like   agroecology,   soil   suitability   crop
distribution,  ctc`   (Patel  ef  a/.,  2000,  Subramaniam,
1983, Sehgal etaJ.,1989), The zonal classification done
based  on  a  diverse  set  of  inputs  although  showed
similarity in many physical features on a broad sense,
the  distribution  of  rainfall,   biophysical  constraints
such as,  soil and water constrains and  socioeconomic
condition of the farmers play a major role for successful
land  use  plan  in  a  given  region.   Where  irrigation
sources  are   limited,   the  rainfall  characterization
constrains  like  erosion,  salinity  and  inundation,  etc.
in making plans for efficient land use models. The task
is  more  complex  in  coastal  agroecosystem,  which  is
fragile  since  climate  plays  a  crucial  role  for  making
strategies  for  sustainable  land  use  and  increasing

productivity of crops.

MATERIALS  AND  METHODS

The  study  area  was  selected  at  S.  Rayavaram
mciridczJ falling under  18.4  agroecological  subregion.

The  latitude  and  longitude  of  the  region  is   17°24'
and  82o49',  respectively.  In  the  selected  subregion
the  major watershed  (block)  consists of two villages
viz.,  Gudivada and  Pedauppalam  along with hamlet
villages,  covering  two  hamlet  villages  of  Gudivada
I.e.,   Kothapolavaram   and   Kotharevupolavaram,
situated   near   the   sea  coast   (within  a  radius   of
0. 5 kin from sea).  Detailed soil survey was conducted
using  1:8000  scale  in  the  pilot  site  with  the  help  of
NBSS & LUP,  Bangalore and soil-site characteristics
were studied in different soil series. The rainfall data
over   25   years   (1978-2003)   were   collected   at

S.  Rayavaram  mcmc!aJ and  the  data  were  computed
for annual characterization of rainfall and  seasonal
distribution  of  rainfall.   Moisture  availability  index

(MAI)  was also  calculated  taking  into  consideration
the rainfall, temperature, wind velocity and relative
humidity  of  the   area.   The   land   utilization  over
13   years   (1990-91   to   2002-03)   was   studied   and

shifting  of  crops  from  one  state  to  the  other  pilot
site  was  estimated  through  transitional  probability
matrix  (TPM).
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RESULTS  AND  DISCUssloN

The detailed soil  survey conducted at the  pilot
project  site   (Fig.   I)   showed  that  two  distinct
land forms  namely,  transitional  plains  and  marine
plains existed.  The  soils of transitional plains were
categorized  into  five  soil  series  (A,  8,  C,  D  and  8)
and marine plains into three soil series (F, G and H)
(Table   1).  The  soils  of  inland  plains  (transitional
plains) were deep, imperfectly to very poorly drained,
having  clay  and  clay  loam  soils.   formed  from
alluvium  deposits.  The  substratum  was  partially
gleyed  layer  with  shells  or  salt  encrustation.  The
slope  in  these  lowlands  varied  from  O-30/o  (gently
sloping land). The soils of marine plains were deep,
well to excessively drained. sandy soils formed from
marine sand. The slope in marine plains ranged from
1-5°/o,  gently  sloping  to  undulated  land.  The  soil
constraints  identified  in  these  soil  series  included
occurrence  of  saline  and  alkali  soils   ln  the
transitional  plains  (Soil  series  A,  8  and  C);  water
stagnation in transitional plains (Soil series E):  low
fertility status of soils in marine plains (Series F.  G
and  H);  monocropping  of  paddy  in  transitional
plains,  leaving  the  field  fallow for  rabi  season  and
poor land use efficiency in marine plains raised with
pure coconut and  cashew orchards.

The  annual  rainfall  characterization  over  25
years ( 1978-2002) at S.  Rayavaram manda[ showed
that the mean annual rainfall was found to be 774.7
mm. The annual rainfall deviation percent from the

F`19. I -  Soil source map of the pilot project area

mean  annual  rainfall  over  25  years  is  shown  in
Fig.  2.   The initial probability analysis showed that
the  amount of rainfall is 937.  770 and 549 mm at
30%,  50%  and  75%  probability,  respectively.  The
conditional probability (the probability level at which
a  particular  amount  of  rainfall  is  anticipated)
analysis  showed  that  there  is  61%  probability  of

getting rainfall of 700 mm. The probability accidence
of  annual  rainfall  over  25  years  was  shown  ln
Fig.  3.  Seasonal distribution of rainfall (Fig.  4) and
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F.ig. 7.  Land  use pattern  (expressed in  terms  of Compound
Growth  Flate)  over  13  years  (1990-91  to  2002-03)  at

S.  Rayavaram  mandal,  Visakhapatnam  district

monthly distribution of rainfall (Fig. 5) (average over
25  years)  showed  that  more  than  50%  rainfall
(57.20/o)  was  received  during  South  West  monsoon
followed by North East monsoon (28.1 %). A meagre
amount of rainfall was received during cold weather
period (Jan-Feb) (3 .3 0/a ) and hot weather period (Mar-
May)   (i I.49/o).   Moisture   availability  index  was
calculated   taking   into   consideration  of  75%
Dependable   Precipitation   (PD)   and   Potential
Evapotranspiration   (PET).    Higher   moisture
availability index was observed during June-October
with  excessive  moisture  available  in  the  month  of
September (Fig.  6).  Present land use pattern studied

over  13 years  (1990-91  to  2002-03) showed  (Table  2)
that there was a gradual decline in the area under
paddy, pulses and millets over years and showing a
gradual  shift  towards  raising  orchard  crops  at
present. This was expressed in terms of Compound
Growth Rate (Fig.  7).  Shift in cropping pattern over

years was  better  expressed  in  terms  of "Transition
Probability  Matrix"  (TPM)  (Table  3).

Keeping  in  view  the  soil-site  characteristics,
rainfall  characterization  and  present  land  use

pattern,  and  taking  into  consideration  the  soil
constraints  ln  the  pilot  site,  some  of the  following
land  use  plans  are  suggested  for  improving  the
economic returns of the farmer and for sustainable
land  use  under  coastal  agroecosystem  in  North
Coastal Andhra  Pradesh.

1)     Growing  of saline  resistant  varieties  of paddy
like  Deepthi.

2)     Introduction  of rice  based  cropping  system  in
monocropping     of    paddy     areas     where
supplementary irrigation facilities are available
and  the  soils  are  free  of  sallnlty  at  least  in
surface layers. This is because, the Detailed Soil
Survey results  indicated  free  of soil  salinity in
some of the soils in surface layers and showed
problem. of  salinity  only  in  subsurface  layers,
showing the posslbllity of introduction of short
duration  rabi crops.

3)     Growing  of silivipasture  crops  after  taking  up
`Soil  resource  management.  in  some  of  the

inland soils where the soils showed high salinity
(due to intrusion of seawater and deposited salts
on  the  surface  soils)  coupled  with  inundation
due  to  subsurface  ill  drainage  making the  soil
very problematic for raising any crop.

4)     Growing  intercrops  in  coconut  and  cashew
orchards  in  marine  soils  by  following  proper
agronomic  management  practices  like  regular
application of organic  manures,  mixing of clay
and  tank  silt  for  improving  soil  fertility  and
physical condition of soils.

5)     Introduction  of  farming  system  in  marine
coastal sands by introducing animal component
like goat rearing in orchard areas (cashew and
coconut orchards) besides raising intercrops in
these orchards for increasing the income of the
farmers, since mostly the area in marine coastal
sands are occupied by small farmers.
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Land  use  planning for  North  coastal  A.P

Table 3.  TTansitron probabilrty mat   x over
13 gears  (1990-2003)

Paddy     MilletB   0ilseeds_,Orchards  Others

Paddy          0.0381      0.2704       0.0945        0.4079      0.1891

Millets        0.0000      0.0975       0.1768        0.7257      0.0000

0ilseeds    0.6014      0.1692       0.2294        0.0000      0.0000

Orchards   o.0899      0.0000      0.0000        0.8513      0.0588

Others        0.0000      0.1636       0.3457        0.0000      0.4907
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Morpliological   and   selected   physicochemical  properties  of  tlie   soils  of  a   basaltic  terrain
representing  different  landlorm  Linits  identified based  ob  the  interpretation  of  ]F3S  -lA-LISS H
FCC  imagery  on  1:50,000 scale  in  conjunction with  Survey ol India  topographical  (Sol)  map  on
1:50,000  scale  and  adequate  ground  truth  survey  in  the  area  around  Madlia[ikhurd  in  Raigad
district,  Maharasritra were studied. Signiticant variations in soil depth, drainage, colour, texture
were observed jn relation to toposequence. Soils occiJrring on upper elements of tlie topography
were shallow to moderately shallow, somewhat excessively drained. sandy clay loam in texture,
and  dark  reddish  brown  in  colour while,  solls  occurring  on  lower elements  of topography were
moderately  deep,  moderately  well  drained  to  poorly  drained,  clayey  in  texture,  and  very  dark
greyish  brown  in  colour.  The  influence  of  topography  was  manifested  on  properties  like  pH,
clay   content,   organic  carbon   and  cation   exchange   capacity.   Ca2.  and   Mg2+  dominated   the
excliange  complex.  Based  on  the  field  morphology  and  other  characteristics,  soils  of the  area
have  been  classified  according  to  Soil  Survey  Staff  (1992)  into  two  orders  namely,  Entisol  and
lnceptisol.

(Keg words  :  Bo.salt\c  terrain.  Ijancoform. Topogr(Lphu)

Modern research  is increasingly demonstrating
the close dependence of soil on land form and a new
discipline. soil geomorphology or pedo-geomorphology
has  developed  (Conacher and  Dalrymple`   1977).  The
intimacy  of the  soil  -  geomorphic  relationship  was
studied  and  established  by  several  oedologis[s  and

geomorphologists in India and abroad during the past
several  years   (Kantor  and  Schwertmann.   1974,
Daniels  et  a[..1971.   Parsons.1978.  Sharma  and
Roy Chowdhury`  1988, Glassman et al..1980. Muhs.
1982 and Sharma c'( at. .  2001).  Soils are an integral

part  of  the  land  surface  and  any  change  in  the
geomorphic   processes   influences   the   pedologic
processes   (Gerrad.1981).   It  is   known   that   soil
properties vary in \'erl.ic`al and lateral directions and
that  such  variatitins  follow  systematic`  changes  as
a  function  of  the  landscape  position  and  the  soil
l`orming   factors.   Henc.e.   integrating   approach
between  soils  and  land form  is  vital  in  any aspects
of land management. Keeping this in view, an attempt
was  made  to  study  the  salient  morphological  and
selected  physicochemic`al  properties  of  the  soils  of
Madhalikhurd  area  in  Raigad  district.  Maharashtra
and  classify them into  taxonomic units.

MATEPIALS  AND  METHODS

The  study  area  represents  a  part  of  Raigad
district,   Maharashlra   (Fig.    I)   located   between

73t'  6.  0"  to  73''  9.  20'.  E  longitude  and  l8t'  26`  10..  to

18" 28. 50"  N latitude covering an area of about  loo
sq  kin.   This   area   falls   in   the  Survey  of  India
toposheet  no.  47F`/3  on   I:50,000  scale.  The  area
falls  under  topical  humid  climate  and  is  located
along  the  west  coast  of India.  The  average  annual
rainfall  of  the  area  is  about  3000  mm  and   it
increases  rapidly  from  western  to  eastern  portion
of  the  study  area.  The  rainfall  is  received  mainly
during  monsoon  period  i.e.,  June  to  October.  The
mean  monthly  temperature  rclnged  from  20" lo 22"
C  in  January  and  reaches  upto  40t'C  in  May  being
the   hottest   month.   Deccan   basalt  is  the  major

geological  formation  in  this  area  with  few  outcroi)s
of laterites  on  the  top  of  the  hills.  The  hill  slopes
are  covered  with   a  wet  mixed  deciduous  forest   ol`
Teak  /Tec[o)ia  .grcirld{s).  Aim  (Terr7i{ncll[cz  tome/I[osa)`

SLssum  \Dalbergta  latiu`olda)`  Dl\z\vda  (Anagetssus
[cit[Jo[{a),   Khair  (Acac{ci  cotechu),   etc.   Agriculture  is
concentrated in the plain occupying both sides of the
Kundalika river. Rice is the main crop. coconut, palms.
mango, vegetables are also grown in this area.

IRS  IA  LISS  11  F`CC  imagery  on  1:50`000  scale
in  conjunction  with  Survey  of India  topographical
(Sol)   map  referred  above  on   I:50,000  scale  were
used  lo  identify  the  various  land forms  units  such
as upper hillslope.  middle hillslope,  lower hillslope,
footslope  and  gently  sloping  plain.

i-
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Morphological  and  selected   physicocliemical  properties  ol  the  soils  of  a   basaltic  terrain
represer`ting  different  landform  units  identified  based  ol)  the  interpretation  of  IF]S  -IA-LISS  11
FCC  imagery  on  1 :50,000  scale  in  conjunction  with  Survey  ot  India  topographical  (Sol)  map  on
1:50,000  scale  and  adequate  ground  trutli  survey  in  the  area  ai.ound  Madhalikhurd  jn  Paigad
district,  Maharashtra were studied. Significant varialions in soil depth, drainage, colour, lexture
were observed in  relatjon to toposequence. Soils occurring on upper elements of the topograprly
were shallow to moderately sr`allow, somewhat excessively drained, sandy clay  loam in texture,
and  dark  reddish  brown  in  colour while,  §oil§  occurring  on  lower elements  of topography were
moderately  deep,  moderately  well  drained  to  poorly  drained,  clayey  in  texture,  ancl  very  dark
greyish  brown  in  colour.  The  influence  ot  topography  was  manifested  on  properties  like  pH,
clay   content,   organic  cai`l)on   and   cation   exchange   capacity.   Ca2.  and   Mg2'  dominated   the
excliange  complex.  Based  on  the  field  morphology  and  other  characteristics,  soils  of the  area
have  been  classified  according  to  Soil  Survey  Staff  (1992)  into  two  oi.ders  namely,  Entisol  and
lncep'isol.

(Key  words  :  Basall\c  terrain`  Inndy_]`c>rm. Topographiu)

Modern research is increasingly demonstrating
the close dependence of soil  on  land form and  a new
discipline. soil geomorphology or pedo-geomorphology
has  developed  (Conacher and  Dalrymple.  1977).  The
intimacy  of the  soil  -  geomorphic  relationship  was
studied  and  established  by  several  Dedologists  and

geomorphologists in India and abroad during the past
several  years   (Kantor  and   Schwertmann.   1974.
Daniels  €£  Q[.`   1971`   Parsons.1978.   Sharma  and
Roy Chowdhury.1988.  Glassman et al.,1980, Muhs.
1982 and Sharma e[ a[. .  2001 ).  Soils are an integral

part  of  the  land  surface  and  any  change  in  the
geomorphic   proc`esses   influences   the   pedologic
processes   (Gerrad`    1981).   It  is   known   that   soil
properties vary in \'ertical and lateral directions and
that  such  varia\ittns  follow  systematic  changes  as
a  function  of  the  landscape  position  and  the  soil
l`orming   factors.   Hence.   integrating   approach
between  soils  and  land form  is  vital  in  any  aspects
of land management.  Keeping this in view, an attempt
was  made  to  study  the  salient  morphological  and
selected  physicochemical  properties  of  the  soils  of
Madhalikhurd  area  in  Raigad  distric`t,  Maharashtra
and  classify them  into  taxonomic  units.

MATEFIIALS  AND  IVIETHODS

The  study  area  represents  a  part  or  Raigad
district,   Maharashlra   (Fig.    I)   located   between

73t' 6.  0"  to  73t'  9`  20"  E  longitude and  18"  26`  10"  to

18" 28`  50'. N latitude covering an area of about  100
sq   kin.   This   area   falls   in   t,he   Survey  of  India
toposheet  no.  47F`/3  on   I:50,000  scale.  The  area
falls  under  topical  humid  climate  and  is  located
along  the  west  coast  of India.  The  average  annual
rainfall   or  the   area  is   about  3000  mm  and   it
increases  rapidly  from  western  to  eastern  portion
of  the  study  area.  The  rainfall  is  received  mainly
during  monsoon  period  i.e.,  June  to  October.  The
mean  monthly  lemperalure  ranged  from  20"  to  22n
C  in  January  and  reaches  upto  40°C  in  May being
the  hottest   month.   Deccan   basalt  is  the  major

geological  formation  in  this  area  with  few  outcrops
of  latei.ites  on  the  top  of  the  hills.  The  hill  slopes
are  covered  with   a  wet  mixed  deciduous  forest  ol`
Teak  `Tc'c[o/1a  grcindis).  Aim  (7`ei-mfna!la  tomen[osa).

S\ssum  |DalbeTgta  latu`oLda|`  Dl\a\rdaL  (Anage[ssus
lcl[Iro{[.ci)`   Khair   (Acacia   cotechu),   etc.  Agriculture  is

concentrated in the plain occupying both sides of the
Kundalika river. Rice is the main crop. coconut, palms,
mango`  vegetables are also grown in  this area.

IRS  IA  LISS  11  FCC  imagery on  1:50,000  scale
in  conjunction  with  Sur\Jey  or India  lopographic`al

(Sol)  map  referred   above  on   1:50,000  scale  \vere
used  to  identify  the  various  land forms  units  such
as upper hillslope.  middle hillslope,  lower hillslope,
footslope  and  gently  sloping  plain.
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F.ig.1.  Locatlon  map  of  the  Madhall  Khurd  area

Six   typical   pedons   occurring   on   different
land forms   in   a   toposequence   `vere   studied   for
morphological characteristics (Soil Survey Staff.  1951 ) .
The schematic diagram depicting the location of eac`h

pedon  on  different  land form  units are  shown  in  Fig.
2,  and the site and morphological characteristics are
presented  in  Tables   I  and  2.  The  horizon\vise  soil
samples  were  collected  from  each  landfom  unit  for
laboratory  analyses.  Processed  soil  samples  (<2mm)
were analyzed for various properties following standard
laboratory  procedures   (Jackson.   1973)  and  their

physicochemical  properties are presented in Table 3.
The  soils  were  classified  by  following  soil  taxonomy
(Soil  Survey Staff,   1992).

PIESULTS  AND  DISCUSSION

Soil features` associated with different land form
uriits.  disc`ussed earlier,  indicate that soil developed
on  different  geomorphic  situations  differ  widely  in
(heir properties (Tables 2 and 3).  Field investigation
indicates   that   there   ni-e   significant  differences
among  the  soils  occurring  on  various  topographic
units.     Laboratory    data     support     the     field
observations.  Major properties are discussed below,

Morphological  properties

Changes  in  the  soil  colour  in  various  pedons
seem to  be controlled by topography and drainage.
The  soil  colour  in  Madhalikhurd  area  on  higher
topographic   positions  viz..   hillslope  which   are
somewhat excessively drained  (Tables  I  and  2,  Fig.
2.   pedons   I   to  3)  exhibit  bright  matrix  colour  in
hue 5 YR.  In these soils,  the colctur was dark reddish
brown  (5 YR 5/4 M)  /  dark reddish brown  (5 YR 3/
4 M).  The reddish  colour is due likely to the release
of  iron  oxide   as  a  result  of  weathering  under
relatively  well  drained  condit,ions  (Gerrad,   1981).
The   soils  occurring  on   the   lower  topographic

positions  viz.,  footslope  and  plain  (Tables  I  and  2,
Fig.  2,  pedons  4  to  6) which have impeded drainage
conditions  exhibit  more  subdued  shades  as  grays
in  hue  2.5  Y.  In  these  soils.  the  colour varies  from
dark  greyish  brown  (2.5  YR  4/2  M)  to  very  dark

greyish   brown   (2.5   YR   3/2   M)   in   the   lower
topographic   position.   This   dark  greyish  brown
colour may be due to reduction of iron under poorly
drained  conditions.  Similar gradalional  changes  in
soil colour in the same toposequence order also have
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F.ig.1.  Locatlon  map  of  the  Madhali  Khurd  area

Six   typical   pedons   occurring   on   different
land forms  in  a   toposequence  `vere  studied   for
morphological characteristics (Soil Survey Staff.  1951 ) .
The schematic diagram depicting the location of each

pedon  on  different  landfom  units are  shown  in  Fig.
2.  and  the site and morphological charactenstics are
presented  in  Tables   I   and  2.  The  horizonwise  soil
samples  were  collected  from  each  land form  unit  for
laboratory  analyses.  Processed  soil  samples  (<2mm)
were analyzed for various properties following standard
laboratory  procedures  (Jackson.   1973)  and  their

physicochemical properties are presented in Table 3.
The  soils  were  classified  by  followmg  soil  taxonomy
(Soil Survey Staff,   1992).

FIESULTS  AND  DISCuSSION

Soil features, associated with different land form
units. discussed earlier, indicate that soil developed
on  different  geomorphic  situations  differ  widely  in
their properties (Tables 2 and 3).  Field Investigation
indicates   that   there   are   significant   differences
among  the  soils  occurring  on  various  topographic
units.     Laboratory    data     support    the    field
observations.  Major properties are discussed below.

Morphological  properties

Changes  in  the  soil  colour  in  various  pedons
seem to be controlled by topography and drainage.
The  soil  colour  in  Madhalikhurd  area  on  higher
topographic   positions  viz.`   hillslope  which   are
somewhat excessivel.v drained  (Tables  I  and  2`  Fig.
2.  pedons   I   to  3)  exhibit  bright  matrix  colour  in
hue 5 YR. In these soils, the colour was dark reddish
brown  (5 YR 5/4 M)  /  dark reddish brown  (5 YR 3/
4 M). The reddish  colour is  due likely to  the release
of  iron   oxide  as   a  result  of  weathering  under
relatively  well   drained   conditions   (Gerrad,   1981).
The   soils   occurring  on   the   lower  topographic

positions vi7„  footslope  and  plain  (Tables  1  and  2,
Fig.  2,  pcdons 4 to 6) which  have impeded  drainage
conditions  exhibit  more  subdued  shades  as  grays
in  hue  2.5  Y.  In  these  soils,  the  colour varies  from
dark  greyish  brown  (2.5  YR  4/2  M)   to  very  dark

greyish   brown   (2.5   YR   3/2   M)   in   the   lower
topographic   position.   This   dark  greyish  brown
colour may be due to reduction of iron under poorly
drained  conditions.  Similar gradational  changes  in
soil colour in the same toposequence ol.der also have
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Tab.e  1 . Site characteristies Of uartous landiforms arouncl Macthaukhurd area

Pro-I,and form      Cla§si-          I)epthb    Elevation   Slope       Erosion     Drainage            I,and use
file                                   ricatioD.         (cm)              (in)             (%)                                                               I,and  cover

1             U pper                 nypic
hillslope            Ustorthent

2            Middle                Typic
hillslope            Ustorthent

Lower              Thie
hillslope            Ustropept

Footslope         Typic
Ustropept

Gently               Typic
sloping             Ustropept
plain

16                  2 40            2 5. 9          Severe          Bxcessively
drained

24                 100            30. 6          Severe          Excessively
drained

42                  40             24. 5          Severe          Excessively
drained

59                   20               3.5            Moderate    Well
drained

86                 Ijess            2. 2
than 20

Slight           Moderately
well drained

Mainly Teak with
Ain and  Dhawla

Mainly mixed  deciduous
forest with  Ain.  Khair
and Sissum

Mainly Teak with Aln
and  Khair

Tropical thomey bushes
and grasses
Rice.  coconut palm.
mango,  trees`  vegetables

a  : sub group  level, b  :  solum depth

Table 2.  F`etd data for catena on Madhali Khurd area

Land form unit            Profile  Horizon     Depth             Colour             Texture               Struc-            Boundary
(cm)               (moist)I                                                tureb

Upper hill  slope

Middle  hill  slope

Lower  hill  slope

Foot  slope

Gently  sloping  plain         5

5YR3/4

0-10                 5YR3/4
10-24               5YR4/6
24-82
82+

0-14                 5YR3/4
14-42               5YR5/8
42-85

85+

0-17                 2.5Y4/2

17-59               2.5Y4/2
59+

Ap               0-15                2.5Y4/2
81               15T48                2,5Y4/2
82             48T86              2.5Y4/2
C86+

Sandy  clay           mlgr                 Gradual
Weathered  basaltic  material

Massive basalt

Sandy  clay           m2gr                Gradual
Sandy  clay           m2gr                Abrupt

Weathered basaltic  material
Amygdaloidal  basalt

Sandy  clay           in lgr                Gradual
Sandy  clay           flgr                    Abrupt

Weathered basaltic  material
Massive basalt

Sandy clay           m2gr                Gradual  smooth
loam
Clay                         m2gr                Clear,  smooth

Weathered basaltic  material

Clay                         m2sbk             Gradual.  smooth
Clay                         m2sbk             Clear.  smooth
Clay                        m2sbk            Gradual,  smooth

Weathered basaltic material

a  : According  to  the  munsell  notation.  b  : Symbols  from  soil  survey staff ( 1951)

been  reported  by  Nye  (1964)  for  the  Catenary  soils
in the humid  region of Africa and  by Tamhane and
Karale  (1977)  in  the  soils  of Bombay  Deccan.

The morphology of the profiles shows that with
decrease in gradient of slope, the depth of the solum
increases.  The  thicker  solum  and  higher  clay
content  were  observed  in  the  soil  of footslope  and
plain (59 to 86 cm and 36.8 to 58.6%, pcdons 4 and
5,  Fig.  2, Table  3)  compared to  the  soils  of hillslope
(16 to 42  cm and 24.5 to 34.3%,  Pedons  I  to 3,  Fig.
2, Table 3)  of Madhalikhurd. Thus these variations
in  soil depth on  different land forms  may be  due to

erosion in some places and their deposition in other

places.  Thus   it   is   obvious   that   soil  depth   is
negatively correlated with slope. These observations
are  similar  to  those  reported  by  Muhs  (1982)  and
Sharma and  Roy Chowdhury  (1988).

The soils showed conspicuous textural variation
from  upland  to  lowland  situation.  Soils  occurring
on  hillslope   (Table  3,   Fig.   2,   pedons   I   to  3)  are
medium textured  (sandy clay loam) with abundant
(11.6  to   16.2  percent)  coarse  fragments  (>2mm)
while those on the footslope and plain (Table 3. Fig.
2,  Pedons  4  and  5)  are  fine  textured  (clayey)  with
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Table 8.  Phustcochemieal properties Of the sol.ts Of the Madhalikhurd area

Profile Depth Coarse Particle  size P''a Organic C.E.C. Exchangeable  cations Ca/ Base
(cm) fra8- distribution Carbon (cmol lcmol(p+)k8"I Mg saturation

in e n t  0/o % (%) (p+)kg-`l %

Sand Silt Clay Ca Mg Na K

I 0-16 16.2 49.2 26.3 24.5 5.5 I.29 20.4 8.2 6.3 0.4 I.4 1.3 79.9

2345 0-10 14.5 58.I 19.2 22.7 5.6 I.31 18.9 7.5 5.9 0.5 I.2 I.3 79.8

10-24 12.3 51.3 18.5 30.2 5.7 0.96 16.5 5.9 6.4 0.3 0.9 0.9 81.8

10-14 15.2 63.0 16.4 20.6 5.7 I.10 19.5 7.1 6.5 0.5 1.3 I.I 79.4

14-42 11.6 44.2 21.5 34.3 5,8 0.93 22.4 8.7 7.3 0.4 0.8 I.2 76.7

0-17 12.I 48.6 14.6 36.8 6.6 I.14 21.7 8.6 7.1 0.4 0.9 I.2 78.3

17-59 10.8 42.I 13.4 44.5 6.4 0.87 23.2 9.3 8.4 0.3 0.7 I.1 80.6

0-15 8.5 28.5 16.2 55.3 6.5 0.95 26.4 9.1 10.2 0.5 0,7 0.9 77.6

15-48 10.3 30.7 12.5 56.8 6.6 0.87 27.6 11.5 9.7 0.5 0.5 I.2 80.4
48-46 11.6 24.2 17.2 58.6 6.5 0.62 29.2 ]2.2 12.7 0.4 0,5 1.I 81.5

less  coarse  fragments  (8.5  to   12.I   percent).  This
indicates that on the upper topographic position of
the  catena`  the  chemical  weathering  of the  coarse
material  takes  place  less  rapidly  and  there  is  a
considerable  loss  of  finer  materials  by  chemical
weathering  due  to  free  drainage.  resulting  in  the
accumulation of more coarse fragment in the soils.
It  is  noticed  that  the  coarse  fragments  increased
with   depth.   In   general,   the  coarse   fragments
decreases  down  the  slope  and  the  above  findings
indicate  that  the  percentage  of coarse  fragment  is
related  to  land form  position   (Sharma  and  Roy
chowdhury,   1988).

Soils  occurring  on  different  geomorphic  units
in   the   study   area   indicate   varying   degree   of.
structural  development.   The  structure   on   the
excessively  drained  higher  topographic   positions
(Pedons  I  to  3,  Fig.  2.  Table  2)  is  weak  to  moderate,
medium  and  granular.  On  the  poorly  drained  lower
topographic positions (Pedons 4 and 5, F`ig. 2, Table 2)
the  soils  have  at  least  vertic  characteristics  such
as c`racks and wedge shaped structure breaking into
moderate.  medium.  sub-angular  blocky  peds.  The
hctrizon differentiation is restricted to only one layer
in  the  higher  topographic  position   follo\`'ed  by  a
decomposed   parent  rock.   This   may  be  due  to
excessive  relief  position.   which  results  in  quick
removal of weathering products.  Likewise  there is  no
horizon  differentiation  in  the  moderately  deep  black
soils  occurring  at  the  lower  topographic  positions.
Desai  (1942)  has  reported  similar observations.

Physicochemical  properties

The  effect  of  various  topographic  position  on
different  physicochemical  properties  such  as  soil
reaction.  cation  exchange  capacity.  exchangeable

cations,  organic carbon and  calcium carbonate are
discussed  below.

The  soil  occurring  around  Madhalikhurd  area
are   distinctly   acidic   (pH   5.5   to   6.6.   Table   3)
irrespective  of  the  elevation.  The  high   rainfall

prevailing  in  Madhalikhurd  favours  leaching  and
removal of the bases and thus makes the soils more
acidic.  The  pH  of  Madhalikhurd  soils  gradually
increases down the slope and this is due to leaching
as  a result of variable drainage conditions. Thus it
may be mentioned that the pH of the soils increases
with   decreasing  elevation.   Such   relationship
between soil pH and leaching has also been reported
for  other  areas  (Godse  and  Tamhane.   1966  and
|Joshi  e[  a[.,   1961).

The  cation  exchange  capacity  in  respect  of
Madhalikhurd  soil  profiles  is  given  in  Table  3  and
the value ranges from  16.5 to 29.2  [cmol(p+)kg-[|  soil.
The CEC value is higher when the fine clay fractions
is  high.  Joshi  et  al.  (1961)  and  Karale  e[ ci{.  (1969)
reported  similar findings.

The  exchangeable  cations  of  the  soils  related
to Madhalikhurd area are presented in Table 3. Soil
de\'elopment  in  this  area  from  basalt  under  high
rainfall  conditions  and  severe  leaching  with  rapid
and  ready  removal of bases  from  the  profile brings
down  the  base  status  of the  weathering  complex.
The decrease,  principally in  the Ca2+ and Mg2+ ions`
imparts  acidic  reaction  in  the  weathering  complex
which favours partial or complete breakdown of the
montmorillonitic minerals initially formed.  Calcium
dominates  on  the  exchange  complex  followed  by
magnesium.   potassium   and   sodium.   Similar
findings  were  reported  by  Karale  et  al.  (1969)  and
Joshi   ef  ci[.   (1961).
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The  soils  occurring  around   Madhalikhurd
located in the tropical humid climatic region (Table  1)
have  higher  organic  carbon  (0.62  to   I.29  percent.
Table 3).  In general`  the organic carbon distribution
is mainly associated with geomorphic units and land
use. That is why the hillslope and the footslope soils
which are under forest/grass cover in Madhalikhurd
area have higher organic carbon ( I.14 -I.290/o. Table
3,  F`ig. 2, pedons  I  to 4| than the cultivated soils (0.62
-  0.870/o,  Table  3,  Fig.  2,  pedon  5),  where  the  crop

residue is not generally returned to the soils.  Similar
rindings were reported  by Joshi  et ci{.  (1961).

CLASSIFICATION

An  attempt  was  made  to  classify  these  soils
using  the  differentiating  criteria  given   in  Soil
Taxonomy. the USDA Soil Classification System (Soil
Survey Staff,1992). The soils studied in the present
investigation  were  classified  into  two  soil  orders
namely,  Entisol  and  lnceptisol.

The  Madhalikhurd  area  experiences  ustic  soil
moisture regime though the climate is classified as
humid.  The  annual  rainfall  is  high  but  received
within a short period of 3 to 4 months and therefore
the  soils  remain  moist  only  for  a  period  of  180  or
more cumulative days and remain dry for 90 or more
cumiilative  days`  The  I)edons   I   &  2  are  classified
as Typic Ustorthent (Entisol) as the soils do not have
well  developed  horizonalion.  The  pedons  3  &  4  are
classified as Typic Ustropept (Inceptisol) as the soils
have  Cambic  horizon.  a  hyperthermic  temperature
regime and a ustic moisture regime. The pedon 5 is
classified  as  Vertic  Ustropept  as  the  soil  has  a
Cambic  horizon  wherein  the  ped  surfaces  exhibit
stress  cutan.  They  also  develop  deep  wide  cracks
in  the  summer  months  and  have  ustic  moisture
regime and  hyperthermic  temperature  regime.

CONCLUSION

The study has revealed that land form and soils
are  closely  associated  with  each  other  and  the  soil

properties vary in vertical and lateral directions and
that  such  variations  follow  s.vslematic  changes  as
a function of landl`oi-in posilion and the soil I-ttrming
factors   lt is apparent that  the slope gradient  plays
a vital role in developing soil properlies and on most
of  the   slopes.   soil   types   and   properties   vary
systematically with slope angles and positions. There
is  a gradual change in  the  characteristics  of profiles
during the traverse down the slope from the higher to
the  lower  topographic  position.  The  profile  features
appear to be a  I-unction  or topography.
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Land Capability and Irrigrbility Classification of Coastal Regions of
Praka§am District, Andhra Pradesh

P.   Pf3ASUNA  PIANl,   M    SESHAGIPI   BAO'.   D.   VIKBAM  and   N    SPllLATHA

Department  ot  Soil  Science  a.nd  Agricultural  Chemistry
Agricultural  College,  Bapatla,  Andhra  Pradesh

On traversing tt.e coastal regions ot  Prakasam  district,  a  representative  area was  selected  and
surveyed  ln  detail  to  classily  the   soils   Into  capability  and   irrlgability   units.   The   soils   were
grouped into different orders and proposed as five series. Based on variations in surtace features
like slope.  texture,  salinity,  etc.  different  mapping  units  were  identified  and  were  classified  for
their  capability  to  produce  crops  and  irrigability  for  surface  irrigatlon.   Mapping  unlts   BhA1,
ChAl  and  ChBl  were  grouped  under  capabilily  class  11,  whereas  the  other  units  of  series  A,  a
and  C  were  classified   under  capability  class  111  due  to  moderate  limitations  of  soil.   Units  of
series  D and  E were  placecl  under capability class  lv due to severe  limitations lo texture and/or
fertility and/or topography, As  per the  irrigability  classificatlon  units  of series A,  8  and  C  were
grouped  under  S2/S3  class  i.e.,  moderately/ marginally  suitable,  whereas  soils  ot  series  D  and
E  were  placed  under  N2  i.e.,  unsuitable  for  surface  irrigation.

rKeg  uJords  ..  Land  ccipcib£[it!/.  Jrr{gabtlitg  clas`sLr[cci[{on.  Coasfa[  so{[sJ

Growing crops according to the capability of the
land  and  using  available  resources  in  a  planned
manner  is  the   current   motto   for   sustainable
agriculture.  Prakasam  district  has  about   113  kin
long coastal line along its eastern border. facing the
Bay of Bengal. The coastal belt comprises of different
land forms.   Some  land forms  have  provision  for
irrigation while others  are rain fed.  Land  capability
and irrigability studies  help  in  identifying the best
lands for agriculture and their suitability for surface
irrigation.  respectively. This sort of information for
the coastal areas of the district is lacking.  Hence a
study was made to classify the area according to its
capability to produce crops and irrigability to surface
irrigation.

MATEF3lALS  AND  METHODS

For  the  present  study,  ground  traversing  of
coastal region of Kothapatnam Mai`dal was done and
a  representative  area  was  selected  for  detailed
survey.  The  study  area  is  located  between  the
geographical co~ordinates of 15°2'30" and  15°22'30"
N  latitudes  and  80°5' and  80°7'E  longitude.  Based
on  soil  survey four land forms were  identified.

Representative  profiles  were  opened  upto  2m
depth  and  were  described  for  their  morphology.
Horizonwise  profile  samples  were  collected  from
different land forms and analyzed for their physical,

physicochemical and chemical properties following
standard procedures.  Based  on  the properties.  the

`Corresponding  author

soils were grouped under suitable taxonomic units
(Soil  Survey  Staff.1998)  and  were  proposed  under
different series.  F`urther. based on the variations in
the   surface   properties   different   phases   were
identified.  Land  capability  classification  was  done
as per the guidelines given by Sehgal  (1996),  which
is  based  on  inherent  soil  characteristic`s`  external
land  features  and  environmental  factors  that limit
the use of the land. F`or this, the soil characteristics
considered  were  soil  depth`  texture,  salinity  and
calcareousness.  The  land  features  were  slope,
erosion  and  drainage.  In  capability  classification
system, the mapping units are generally grouped at
three levels viz„ capability class, subclass and units.
Land  suitability  for  surface  irrigation  was  done  as

per  the  procedure  outlined  by  Sehgal  (1996).  This
is based on parametric approach for computing the
capability  index  (Ci)  of Sys  (1976).

PESULTS  AND  DISCUSSION

Soils

Based   on   the   detailed   survey,   the   four
land forms identified viz. , inland plains, transitional
alluviums.   dune  sands  and  beach  sands  were
proposed   at   5   series.   Further,   based   on   the
variations   in   surface   they  were   grouped   into
different  mapping  units.  Each  mapping  unit  was
described   for   its   properties   (Table   I).   Units
representing  series  A  were  moderately  well  to
imperfectly  drained,   nearly  flat  to  very  gently
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sloping`   clayey.  high  in  cation  exchange  capacity
lcEC)   and   organic  carbon.   Transitional   soils
represented by series a and C were moderately well
drained, texture varied between sandy clay loam and
clay` medium in organic carbon content. low in CEC.
and were non-saline. Mapping units of series a were
almost plain while in series C. the topography varied
from gently sloping to undulating (3-80/o) . Dune sand
and beach sand lan forms covered by mapping units
of  series  D  and   E  were  somewhat  excessively
drained`  slope  vaned  between   1   and   15  percent,
sandy  in  texture,  very  low in  CEC,  organic  carbon
and  electrical conductivity values.

Land  capability  classitication

Land capability classification for the pilot area
is presented in Table 2.  Mapping units BhAl. ChAl
and  ChBl   (comprising  of  6.I   percent  area)  were

grouped  under IIs,  which  are good  cultivable  lands
and  have  slight  limitations  in  texture.  A variety  of
crops can be grown on these soils. but these should
be   cultivated   with   care   and   following   simple
management practices. Units Am Al . Am 82,  Bi Al ,
Bin Al  and  Ci Al  covering 25  percent  of the  study
area are moderately good cultivable lands and were

placed  in  land  capability  subclass  IIIs  due  to  the
mo(lerate  limilation  or  texture  that  may.  result  in
imperfect drainage.  Mapping unit Chc2 {0.74 0/o) `vas
categorized  under  capability  subclass  IIIst  due  to
modera.Ie limitation of texture and topography. Land
covered  by  Ams282  (I.88%)  was  grouped  under
capability class IIIsw due to limitation of clay texture
and  high  swell  shrink  potential.   low  hydraulic

conductivity and imperfect to poor drainage. These
soils vary in  their suitability to different crc)ps and
should  be  cultivated  with  intensive  care.  The land
capability  classes  worked  out  for  Puma  valley  of
Vidarbha,  Maharashtra  are  IIsw  and  IIIsw  (Padole
and  Deshmukh,  1998).

Units DaA1,  Da82.  Dacl.  Dac2,  EaAl,  Ea82,
Eac2 and ECAl  occupying major area (64.350/o) had
severe  limitations  of texture  and  very  low  fertility
(low  CEC  and  organic  carbon)  and  hence  grouped
under  capabilily  subclass  IVsf.   Units  Dac3  and
DaD3  (I.8%)  were  grouped  under  lvsfe  due  to  the

presence  of  severe  limitations  like  sandy  texture.
very low fertility and susceptibility to erosion. These

problems reduce  the choice of the crop. These soils
may  not  be  economical  to  cultivat,e.  as  they  need
intensive  management  practices.

Suitability  for  surface  irrigation

As  per  the  results,  the  suitability  of the  study
area for surface irrigation are given in Table 3. The
soils  comprising  units  AmAl,  Am82,  BhAl,  BiAl,
BmAl.   ChAl   and   CiAl   were   grouped   under
moderately suitable S2s class as their Ci values are
between 60 and 80. They have moderate limitations
of texture.

Unit  Ams282   was   grouped   under  S3sd,
marginally suitable class (Ci values ranging between
40 and 60) due to severe limitations of texture and
drainage,  whereas,  units  ChBl  and  Chc2  were
classified  under  marginally  suitable  class,  S3s  as
their  Ci  values  were  58.32  and  51.80,  respectively
having  severe  limitations   of  only  texture.  The

Table  2.  IAncl capabilitu  cLassiificaLion Of the.  soils  Of stLidu  area

Landcapabilitysubclass Description Mapping unit Area
Percent Hectare

IIs Good  cultivable  land  with  slight  limitation BhAl.  CliAl  and  ChB1 6.10 12.35

Ills

of texture
AmAl .  Am82.  BiA1.  BmAldCiAl 25.00 50.50Moderately good  cultivable  land  having moderate

I I I sw

to  severe limitations of textureModeratelygoodcultivableland  having moderate anAms282
I.88 3.80

TIIst

to severe  limitations  of texture and wetness
Chc2 0.74 1.50Moderately good  cultivable  land  having moderate

lvsfIVsfe

to  severe  lim]tations  of texture  and  topography
DaAl.  Da82,  Dac1,  Dac2. 64.351.8 130.003.57Fairly good  land  with  severe  limitation  of soil

texture  and  fertility EaA1.  EaBl,  F,a82,  Bac2andECAl

Fairly good  land  with  severe  limita[ion  of soil Dac3  and  DaD3

texture,  fertility  and  erosion
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Table  3.  Innd suitabilitu for surface irrigation

Ma|)pih8        Texture    I)epth      Cac03     Gypsum       EC      Draim8e    %Slope       Ci          Range    Suitability
unit                        A               a                C                 D               E                F                  G         Values          Ci              class

I.  Serieg A
AmA I                     80                   1                     I                       1

Am82                  80                 I                   I                     I
Ams282             80                 I                   I                     1

I                 0.9                    I                72            60-80             S2s
I                 0.9                 0.9           64.8          60-80             S2s
1                  0.8                  0.9            57.6          40-60             S3sd

11.  Series  a
BhAI
BiAI

BmA1

I              64.8          60-80             S2s
I              64.8          60-80             S2s
1              64.8          60-80              S2s

Ill.  Series C
ChAI
CIAI

ChBI
Chc2

60-80
60-80
40-60
40-60

rv.  Series D
DaAI
Da82
DacI
Dac2
Dac3
DaD3

V.  Series  E
EaAI
EaBI
Ea82
Eac2
EcA1

Capability Index (Ci) = AXBxCxDXEXFXG; S2:  moderately suitable, S3   marginally suitable.  N2: unsuitable; s=limitation

of soil  (texture):  d=drainage

remaining units  covered  under soil  series D and  E
were grouped under unsuitable class, N2sd because
of their sandy texture and excessive drainage. Ther{
soils  of Tamil  Nadu  having  sandy  texture  were

grouped under non-irrigable class due to very severe
limitations  of rapid  permeability  (Janakiraman  €f
a[. ,1997).  But these soils can effectively be irrigated
through  sprinkler or drip  irrigation.

By following suitable management practices like

providing  drainage  in  fine  textured  soils,  adding
amendments tct excessively drained sandy soils and
leveling of undulating areas,  the capability of lands
can  be  improved.  The  sandy  soils  were  classed  in
capability  class  IV  due  to  their  low  water  and
nutrient  retention  and  excessive  drainage.  A  wide
variety of crops can be grown on these soils by giving
Irrigation through sprinkler or drip irrigation along
with  split  application  of fertilizers.
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Impact of Prevention of Natural Saline Washing on the Nutrient
Dynamics of Kuttanad Ecosystem, Kerala

K.  C.   MANOFIAMA  THAMPATTl'   and  A.   I    JOSE

College  of  Horticulture.  Vellanlkkara  -680  656,  Thrissur`   Kerala

An  investigation  was  carried  out  in  the  acid  saline  rice  solls  of  Kuttanad.  which   has   been
protected  from  the  annual  saline  water  intrusion  during  summer  by  constructing  a  I.egulator
across the Vembanad lake. The regulator was kept closed during the summer season to prevent
saline  water  intrLision  from  the  Lakhadweep  Sea  and  this  was  a  regular  phenometion  for  the
past three decades. The present paper attempts to reveal the  impact of closure of the  regiilator
in  the  nutrient  dynamics  of  these  rice  soils  by  analyzing  97  surface  soil  samples  collected
before and  after the closure of the  regulator and comparing the  present values with that o{ pre-
barrage/pre-regulator  period.   It  was  observed  that  the  annual  closure  of  the  regulator  has
resiilled  ln  an  increase  in  soil  acidity  and  availability  of  N  and  Fe  and  a  deal.ease  in  sallnlty,
CEC,  ECEC,  and  available  1<,  Ca,  Mg  and  Mn  during  the  period  ot  closure  (December  lo  mid.
April) compared to the period when the  regulator was  kept open.  However, the availability of all
nutrients except P was above deficiency level.  Fe was present in toxic quailtities. On comparing
trie  above  values  with  that  of  pre-barrage  period,  the  area  experienced  a  reduction  ln  organic
carbon  content  and  salinity  while  an  enhancement  was  observed  for  acidity  and  availability  of
K, Ca, Mg and Cu. The Na content was  reduced considerably in response to  reduction in sallnlty.
The exchangeable and water soluble cations followed the same trend as that of available cations.
Among the  calions,  Ca  was  the  dominant  basic  cation  instead  of  Na,  which  occupied the  same
place  during  the  pre-barrage  period.

(Key  words:  Acid salir\e`  Nutrient d_unamies.  Nutrier\t defiLctencu  & loxtoily)

Kuttanad,   the  rice  granary  of  Kerala  is  a
lowlying deltaic alluvium (0.5-2.6 in below mean sea
level)  situated  on  the  western  coast of Kerala.  The
Vembanad lake which has been connected with the
Lakshadweep  Sea  through  the  Kochi  bar  mouth
forms  the  c`ore  region  of  Kuttanad.  The  rice  fields
are located in and around  this lake. The past glory
of Kuttanad  is  slowly vanishing and  now the  tract
experiences a severe decline in rice production. The
rice   cultivation   in   Kuttanad   was  always  risky
because of the flood submergence during monsoons
and  the  saline  water  intrusion  during  summer.  In
order to  protect rice crop  from  salinity,  a regulator
was  constructed  across  the  Vembanad  lake  at
Thanneermukkom  and  kept  closed  during  the
months, December to mid-April, which was a regular
phenomenon  from   1976  onwards  and  thereby
preventing  the  natural  saline  washing  of the  tract
by  tidal   flushing.   This   led   to   deterioration   soil
health.  crop  productivity as well as human health.
The  present  paper  reveals  how  the  closure  of the
regulator  has  influenced  the  nutrient  dynamics  of
the area.

MATERIALS  AND  METHODS

Out of the 55000 ha of acid saline soils on  the
upstream side of the regulator. North Kuttanad, the
most benefited area  due  to the construction  of the
barrage/regulator was selected for the study. North
Kuttanad comprises of  10200 ha`of rice fields. The
region  has  a  humid  tropical  climate  with  mean
annual rainfall of 2963 mm, out of which 80 percent
occurs  during June  to  September,  often  resulting
in flood. After the cessation of monsoons the saline
water  from  the  Lakshadweep  Sea  enters  into  the
lake  and  from  there  spreads  to  entire  Kuttanad,
making  the  soils  predominantly  acid  saline.  The
moisture  regime  of  the  tract  ls  aquic  and  the
temperature  regime  is  hyperthermic.  From  the  27
randomly  selected  polders  of  the  area  97  surface
soil  samples   (0-15  cm)  were  collected  before  the
closure  of the  regulator  during  the  month  of May-
June and after the closure during F`ebruary-March.
Standard methods were followed for determining pH,
EC,   organic  carbon  (Jackson,   1958),   available  N
(Subbiah  and  Asija.   1956),  available  P,  K,  Na,  Ca.
Mg,   F`e,  Mn,  Cu  and  Zn,  and  CEC,  ECEC,  water

I  Present address  :  Department or Soil  Science & Agricultural  Chemistry,  College  of Agriculture,  Vellayani.

Thiruvananthapuram  -695  522.  Kerala
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soluble  and  exchangeable  cations  as  described  by
Page  (1982).  The  results  obtained  were  compared
between the periods (before and after the closure of
the  regulator)  and  with  the  nutrient  status  of the
pre-barrage/pre-regulator  period.

PESULTS  AND  DISCUSSION

General  soil  properties

The  general  soil  properties  are  presented  in
Table  1.  The  soils  of Kuttanad  are  termed  as  acid
saline  soils.  They  recorded  a  mean  pH  of 4.4  and
EC of I.35 ds in I before the closure of the regulator
and  decreased  to  4.0  and  0.67  ds  in-'`  respectively
after the closure. The  higher values for pH  and  EC
before  the  closure  were  definitely  due  to  the  effect
of saline water which  entered  into  the tract as well
as  the  impac`t  of  early  monsoon  showers  received
during  the  month  of  June.  The  closure  of  the
regulator and the advancement of summer initiated
the  lowering  of  water  table  and  the  consequent
drying  resulted   in   increase   in   soil   acidity.   On
comparing the pH with that reported during the pre-
barrage  period  (Money,   1961,   Kabeerathumma.
1969`   1975,  Nair  and  Money,1972)  an  increase  in
soil  acidity  was  observed  during  the  post-barrage

period.  The  prevention  of  saline  water  washing
blocked the removal of A13+ ions from exc`hange sites
for basic cations.  resulting in a decrease in  soil  pH.
The  closure  of  the  regulator  prevented  the  saline
water entry  into  the  tract and  thereby reduced  EC
considerably.   The   magnitude   of  saline   water
intrusion considerably reduced after the construction

Tab.e  1.  G

of regulator  at  Thanneermukkom  (Nair  and  Pillai.
1990).   Presently   the   BC  values  were  very  low
compared  to  the values  reported  by  Money  (1961),
Kabeerathumma  (1969`   1975).   Nair  and  Money
(1972),  Money  and  Sukumaran  (1973)  during  the
pre-barrage  period.

Like  pli  and  EC  organic  carbon  content  was
also higher before the closure of the regulator. The
mean  value  dropped  from  3.66  percent  to  3.45

percent after the closure. The reduction was mainly
because  of  the  enhanced  rate  of  organic  matter
decomposition   due   to   continuous   cultivation
activities  during  the  purtj`a  season.  A  considerable
reduction  in  organic  matter  content  of  the  area
during  post-barrage  period   has  been  reported
(Kabeerathumma  and  Patnaik,1978,  Amma et a{..
1979.  Mathew`   1989).  In  the  present  study  also  a
similar  trend was  observed.

CEC of the study area varied from  16.6 to 38.8
cmol  (p+)  kg.I  after  the  closure.  The  decrease  was
due to the reduction in organic carbon content and
soil pH. The  ECEC also  followed  the  same  trend.

Available  nutrient

The available  N  content was  286 mg kg'`  before
the closure and it increased to  324 mg kg.I  after the
closure  of the  regulator  (Tables  2  and  3).  In general
the   available   N   status   of  the  area  was  high.
Construction of regulator has not altered the available
N status of the area`  since present values agree with
those  reported  by  Pillai  (1964)  and  Kabeerathumma
(1969)  during the pre-barrage period.

difJerent periods'1`al..e  1.  ueneraL propert\es  oU  Sou aurmg  aujerei\L per.ucLs

Parti- Organic pH EC ds in.1 ECEC CEC Base

cular§ carbon % cmol   (p+)   k8-1 saturation,  %

SI             SII SI             SII SI             SII SI             SII SI             SII SI              SII

Mean 3.66          3.45 4.4              4.0 i.35           0.67 16.1              13.8 25.8            19.6 45.5            41.I

Range I.98-           1.55- 3.2-             3.0- 0.43-        0.23- 8.9-              7.1- 16.6-            9.7- 30.9-         31.9-

5.29          6.78 5.4              5.0 4.00             I.71 23.5          25.2 38.8          33.5 48.6          42.7

CD  (P=0.05)              NS                                0.291                             0.366                             I.74                                 2.02                                4.27

SI  =  Before  the  closure  of Thanneermukkom  regulator,  SII  =  After  the  closure  of Thanneermukkom  regulator

Table  2.  Aua{labLe N.  P.  K.  Ca.  Mg  ancL Na contents  Of soil durtng  ctifferent periods  (mg  kg-I )

Particulars N P K Ca M8 Na

SI             SII SI            SII SI             SII SI             SII SI            SII SI            SII

Mean 286          324 3.17           5.50 293            179 2271           1519 575           229 1983          Sol

Range 185-           175- 0.26-          I.12- 175-             84- 1133-         684- 309-           75- 608-          194-

431            489 7.09           17.8 539           349 4032        2634 1570           618 5158         1496

CD  (P=0.05) 28.07 I.32 30.6 291 113 340

SI  =  Before  the  closure  of Thanneermukkom  regulator`  SII  =  After  the  closure  of Thanneermukkom  regulator
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Table  3.  Available Fe.  Mn` Cu and Zn contents Of soil during clifferent pertods (mg kg 1)

Particulars Fc Mn Cu Zn

SI                    SII SI                     SII SI                     SII SI                     SII
Mean 358                     421 9.76                   8.65 5.51                      4.40 2.85                    2.95
Range 183-511              141-592 3.11-19.35        2.3-20.5 I.5-10.9         0.76-10.31 1.03-8.38        I.22-7.72
CD  (P=0.05) 46.8 NS NS NS

SI  =  Before  the  closure  of Thanneermukkom  regulator,  SII  =  After  the  closure  of Thanneermukkom  regulator

i. The  Kuttanad  soils are  deficient in  available  P
due to their high P fixing capacity. A very marginal
increase in available P was noted during the period
when the regulator was closed. The data were almost
similar  to  that  reported  during  pre-barrage  period
(Money.1961,   Kabeerathumma.1969.1975`   Nair
and  Money.1972).

Kuttanad   soils  were   relatively   deficient  in
available K during the pre-barrage period as per the
report  of  Nair  and  Money  (1972),  the  range  being
35 to 78 mg kg I . As per the studies of post-barrage

period the range is about  124-216 mg kg I  (Mathew.
1989).  In  the  present  study  the  mean  values  for
available  K  was  293  mg  kg-I  before  closure  and  it
decreased  to   179  mg  kg-I  after  the  closure  of  the
regulator. The higher concentration of K before the
closure was evidently due to the innuence or saline
water which entered into the area. The available Na
content before the closure was  1983 mg kg I  and it
decreased  to  501   mg  kg-I  after  the  closure  due  to
the  prevention  of saline  water  entry.  There  was  a
considerable decrease in Na content during the post-
barrage  period  (Nair  and  Pillai.1990).

The  mean  value  of available  Ca  was  2271  mg
kg  I   before   the   closure   of  the   regulator  and
decreased to  1519 mg kg I  after the cl6sure.  Among
the basic cations.  the decrease in concentration was
comparatively  lower  for  Ca  indicating  its  better
absorption  on exchange complex.  Compared  to the

pre-barrage period (Sreedevi and Aiyer.  1974, Aiyer
e{  a!..   1975)  there  was  an  increase  in  available  Ca
content cluring the post-barrage period. Addition of
liming  materials  and  the  leachates  brought  down
from the upper fringes of western Ghats might have
played  a  major  role  in  increasing  the  Ca  content.
Among  the  bases,  Ca  recorded  the  highest  value.
The behaviour of Mg was  similar to that of Ca.

Fe  toxicity  has  been   identified   as  the  most
serious  nutrient  disorder  of the  area.  The  present
study confirmed  the presence of large quantities of
available  Fe.  which  was  many  times  greater  than
the  concentration  of other  micronutrients.  Apart

from   the   large   quantities   of  native   iron.   the

persistence   of  soil   reaction   below  pH   5.0  and
reduced  soil  conditions  due  to  submergence  have
kept   Fe   in   soluble   form   resulting  in   Its   high
availability.   The   low  base   status   of  the   area
aggravates  the  above  situation.  Thampatti  et  ci!.
(2001)   reported   the  extent  of  iron   toxicity  and
favourable  influence  of  K  and  Ca  nutrition  in
alleviating the ill effects of iron toxicity in Kuttanad
soils.  The  mean  value  of available  Fe  (DTPA)  before
the  closure  of the  regulator was  358  mg  kg-I  and  it
increased to 421  mg kg-I after the closure. The increase
observed was of about  17.6 percent. The interruption
of free  drainage  by  closing  the  regulator  aggravated
the situation. The soils were high in available Fe. The
comparison  of present  F`e  status  with  that  of pre-
barrage period was not possible due to want of data.

Kuttanad  soils  were  adequately  supplied  with
available Mn. The mean values for available Mn and
Cu were  9.76  and  5.51  mg kg I,  respectively before
the closure of the regulator. After the closure these
values   droppted   to   8.65   and   4.40   mg   kg`,
respectively. Adoption of intensive cropping.  loss of
soluble nutrients through drainage/flood water and
the dominance of F`e in the area might have reduced
the availability of above nutrients.  Compared to Fe,
Mn was present in small quantitites and Mn toxicity
was not yet reported from the area. The comparison
of present Mn status with that of pre-barrage period
was  not  possible  due  to want of data.  However`  an
increase  in  available  Cu  was  observed  during  the

post-barrage period. The  continuous use of copper
fungicides  in  the  area  and  the  increased  rate  of
organic    matter    decomposition    would    have
contributed towards this increase. The available Zn
content was  2.85  mg kg"  before  the  closure  and  it
increased  to  2.95  mg  kg-1   after  the  closure.  The
study  area  was  not  deficient  in  Cu  and  Zn  as  per
the  critical  levels  suggested  by  Aiyer  et  Q!.  (1975).
Almost  all  cationic   elements   except   F`e  and  Zn
showed a decrease in concentration after the closure
of the  regulator.
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Water  soluble  K,  Na,  Ca  and  Mg

The behaviour  of water  soluble  fractions  of K,
Na, Ca and Mg was similar to that of their available
fractions during both  the  periods  (Table  4).  Nearly
half of the available K and more than 80 percent of
available  Na  were  present  in  water  soluble  form.
Among  the  basic  cations,  percentage  contribution
of water soluble form to available form was least for
Ca.  Mg also  followed  the  same  trend  as  that  of Ca
but nearly more  than  half of the  available  Mg was
in water soluble  form.

Exchangeable  K,  Na,  Ca  and  Mg

The  behaviour  of exchangeable  fractions  of K,
Na, Ca and Mg was similar to that of their available
fractions during both the periods  (Table  5).  Among

the exchangeable bases,  K was present in smallest
quantity.  The  exchangeable  Na,  though present in
very  small  proportion,  constituted  8.I   percent  of
total  exchangeable  bases  before the  closure  of the
regulator and  it decreased  to  3.6  percent after the
closure.  Ca  was  the  dominant  cation  among  the
exchangeable   bases.   Greater   adsorption   on
exchange  complex  and  lower  solubility  in  water
mainly  contributed  to  the  dominance  of Ca  in  the
exchange complex. The mean value of exchangeable
Ca was  8.32  cmol  (p+)  kg I  before the  closure  and it
decreased  to  6.47  cmol  (p+)  kg I  after  the  closure  of
the regulator. It contributed 70.8 and 80.4 percent,
respectively of total exchangeable bases during the
above  two  periods.  Mg  occupied  a position  next to
Ca among the  exchangeable bases.

Table  4.  Water soluble cattone Of soil during cltfferent periocls (mg  leg I)

Particulars Ksl       SII Na Ca M8

SI                      SII sl                   SII SI                      SII31310489-85434-235

Mean 167                         81 1764                  438 605                   247

Range 82-360             35-202201 502-4845        163-1675 294-1303        134-486

322 90.I 59.0
CD  (P=0.05)Sl=Before the closure  ofThanneermukkom  regulator.  SIl  = After the closure ofThanneermukkom regulator

Table  5.  Exchangeable cattons Of soil d.uring diifferent pertocls  {==±±|P:!:=g:i                      bl

Particulars K Na Ca M8 Total exchangea   ebases

SI               SII SI                SII SII               SII SI                SII SI               SII

8.32              6.47 2.32               10.5 11.8                   8.I
Mean 0.324          0.259 0.96              0.26

Rang: 0.13-            0.09-0.I0.58 0.11-             0.09-2.410.58 3.34-            2.44- 0.45-             0.16- 6.3-               3.4-

18.0                     11.1 6.33             3.740.738 21.9                 13.9

CD  (P=0.05) 0.049 0.206 1.49 1.47

SI  =  Before the closure  ofThanneermukkom  regulator.  SII  = After the  closure  ofThanneermukkom  regulator
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Effect of Phosphorus and Zinc on Yield Contributing
Characters and Uptake of Nutrients in Rice on

Lateritic Soil of Coastal Region of Konkan
PF}lTI   NARVEKAR`   K.   D     PATIL   V.   F]    GAIKWAD   and   N     a    GOKHALE

Department  of  Agricultural  Chemistry  and  Soi!  Science
Dr.  Balasaheb  Sawant  Konkan  Krishi  Vidyapeeth,  Dapoli  -415  712,  Maharashtra

Field  experiment  was  conducted  to  study  trie  response  ol  rice  to  zinc  and  zinc  x  phosphorus
interaction   in   lateritic   soil   of   Konkan   region   during   khar/./,   2003.     There   were   16  dif{erent
treatment combinations consistlng  of four phosphorus  levels viz., 0,  25,  50,  75  kg  P205 ha"  and
tour  zinc   levels   viz.,   0,  3,   6,   9   kg   Zn   ha.1.     Phosphorus  was  applied  through   SSP,  zinc  was
applied  through  Zns04.      The  different  levels  of  phosphorus  significantly  increased  the  plant
height and  number of tillers.   The  grain yield of rice was  increased significantly due to application
of  50  kg  P20511a-'  (53.46  q  hall).    The  uptake  of  phosphorus  and  zinc  by  rice  grain  and  straw
sliowed   significant   increase  with   increasing   P   levels.    Available  phosphorus   content  in   soil
increased  significantly  due  to  P  application.   The  grain  yield  also  increased  significantly  with  6
kg Zn  ha.1  (46.37 q  ha.t).   The treatmem  combination  ol 50 kg/ha  P205 + 6  kg/ha Zns04significantly
Increased  the  grain  and  straw  yield  of  rice.

(Key  u)ords :  Phosphorus ai\cL z\nc interacttoTrs,  GrcLin arid straw LuieLCL.  Uptak:e  Of nutrients  in r\ce)

Micronutrients play an important role in plant
growth and development.   With the intensive use of
high analysis fertilizers.  micronutrient deficiencies
are  likely  to  become  more  acute  in  the  absence  of
their  application.     Due  to  increased  phosphate
application  plant  may  suffer  from  induced  zinc
deficiency.    Therefore  present  experiment  was
conducted  to  study  the  effect  of  phosphorus  and
zinc  on  growth  and  yield  contributing  characters
and  uptake  of nutrients  in  rice  on  lateritic  soil  of
Konkan  region.

IVIATERIALS  AND  METHODS

Field  experiment  was  conducted  with  rice  on
lateritic  soil  (Typic  Ustropepts)  al  Botany  Farm
College  of Agriculture.  Dapoli  during  kharL/season
(2003).   The  soil was  acidic  in  reaction  and  high  in
organic   carbon   content   (1.21%).     It   contained
321.18,  8.17  and  220.99  kg  ha"  available  N.  P205
and K20. respectively and 0.48 mg kg I  available Zn.
The  field  experiment  was  laid  out  in  a  factorial
randomized  block  design  comprising  of  sixteen
treatment    combinations    replicated    thrice.
Phosphorus  was  applied  as  a  basal  dose  through
single  superphosphate  in  four  levels  @  0.  25.  50,
75  k8  P205  ha 1.    Zinc  was  applied  as  a  basal  dose
through  zinc  sulphate  in  four  levels  i.e.,  zinc  @  0.
3.  6`  9  kg  ha.I.    After  manual  threshing  and    sun
drying of the produce yield data were recorded.  The

representative  grain  and   straw  samples  were
collected  for chemical analvsis.   The  content  of Zn
and P in plant grain and stiaw samples collected at
harvest was determined by using diacid mixture for
digestion  and  Zn  was   determined  by  atomic
absorption  spectrophotometer  as  described  by
Johnson  and  Ulrich  (1950).     Plant  samples  were
digested  in diacid  mixture  of HN03 and  HC104 (2:4)
for  deterimination  of Zinc  and  P  as  described  by
Richards  (1954).    The  total  phosphorus  from  the

plant was  determined  by  the  method  described  by
Jackson  (1967)  and  from  the  soil  as  described  by
Bray's 11 procedure (Black,  1965).  Available Zn was
determined  by  using  DTPA  extract  on  Atomic
absorption spectrophotometer (Lindsay and Norvell`
1978).

RESULTS  AND  DISCUSSION

plant  height  and  tillers

The application of P205 © 50 kg ha"  has shown
highest plant height (88.13 cm) as compared to other
P  treatments  (Table   I).    A  graded  and  significant
response  of  application  of  P  levels  was  seen  upto
50  k8  ha-t   P205  applied.     Treatment  of  P2  was
significantly  superior  over  Po  and  P,  in  increasing

plant height and at par with P3.  P plays an important
role in stimulating growth or plant.   Similar results
were obtained by Rao (2003).   Zn also increased the

plant height but differences were not significant.
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Phosphorus at P2 level receiving 50 kg ha I was
found   significantly  superior  over   rest  of  the
treatments  i.e..  Po  and  P,  level  in  increasing  the
number of tillers (Table  I).  The application of zn at
Zn2  level was  found  significantly superior over Zno
and  Zn[  levels  and  it  was  at  par  with  Zn3  level.
Similar  results  were  obtained  by  Salam  and
Subramanian  (1993)  and  Kulandaivel  et  al.  (2003).
Treatment combination Zn2P2 was found significantly
superior over rest of the treatment combinations.

Grain  and  straw yield

The  grain  yield  of rice  was  highest  at  P2  level
receiving P205 @  50 kg ha I  (53.46 q ha I) which was
significantly superior over Po and P` and at par with
P3 (Table 2).   Phosphorus stimulates root formation`
it also helps in cell division,  stimulates growth and
Increases  the  grain  yield.     Similar  results  were
obtained by Rao  (2003).   The grain yield of rice was
highest at Zn2 level which was significantly superior
over Zno and at par with Znt  and Zn3 levels.   Similar
results  had  been  reported  by  Modak  (1997).    The
treatment combination Zn2P2 recorded highest grain

yield  (55.35  q  ha  I).

Straw yield in treatment P2 receiving 50 kg P205
ha-I  was  significantly  superior  over  Po  and  P[  and
was  at  par with  P3  level.   Zn  increased  straw yield
significantly  over  control.

Phosphorus  uptake

The data in Table 3 indicated graded and significant
response for P application in P uptake in rice grain.   P3
level  was   significantly  superior  over  rest  of  the
treatments.  Similar results were obtained by Singh a.nd
Singh  (1986).   There was  significant effect of Zn  levels
on P uptake.   Zn at Zn„  Zn2 and Zn3 were significantly
superior over control.   Similar results were obtalned by
Prasad  et  al.   (1995).     No  significant  effect  of  Zn  x  P
interactions was observed  in  respect of P uptake.

There was  significant effect of P uptake in rice
straw.   P2 was significantly superior over rest of the
treatments  i.e.`  Po,  P,  and  P3.    Similar  result  were
obtained  by  Reddy  and  Yadav  (1994).    There  was
non-significant effect of Zn x P interaction.

Zinc  uptake

Data  shown  in Table  4  indicated that there was
significant effect of P level in increasing Zn uptake in

Table  1.  Effect Of ctifferent Let)ets o`f z.mc and phosp,h?rus and their interaction on plant heLght (cm)
and rro.  Of tillers

Levels plant  heightZnoZn,Zn2    Zn 3            Mean No.  of tillers
Zno                Zn I                Zn2                Znj             Mean7,407.978.4310.338.53

Po 64.67          62.27          65.47          66.20          66.65
7.30              8.40              8.40              9.30             8.35P 76.40           85.13           87.47           82.20           82.80

P 90.80           87.93           81.40           92.40          88.13 8.30               8.40              13.87            10.67            10.31

8.50              8.87              9.07              9.43              8.97JP
85.73          89.20          90.47          84.80          87.55

Mean 79.40           81.13           81.20           81.40 7.87              8.41               9.94              9.93

p                       znxp                      Zn p                        Znxp

SBm  (±)

CD  (P=O.05)

Zno  =  No  Zn.  Zn,  =  3

1.70                                  I.70

N.S.                               4.92

3.41                               0.42

N.S.                                  I.22

k8  Zn  ha I,  Zn2  =  6  kg Zn  ha I.  Zn,  =  9  kg  Zn  ha 1

Po  =  NO  P205.  P,  =  25  k8  P205  ha  I.  P.2  =  50  k8  P205  ha  I,  P3  =  75  kg  Pjor`  ha  I

Ef iect Of clLJ:ierentTable Z.

0.42                             0.84
1.22                               2.44

teL)els  o.i zinc and phos|)t\orus  anct  their  Lnteraction on gram
arid  straLu  Wield Of  rice  (q  ha I)

Levels Grain  yieldZnoZn,Zn2       Zn `,             M Can Straw  yieldZnoZn,Zn,       Znj             Mean25.0726.5525,5327.9826.28

PoP 30.94           31.58           29.91            32.58           31.25
31.60          37.83          34.63          35.94          34.993683          45.33          43.57          43.88          42.40IF)2P`?Mean

48.19           51.77           58.52           55.35           53.46 38.72           40.47           44.52           44.08          41.95

49.99           52,27           53.24           52.99           52.1341.4945.2446.3146.20 38.99          42.58          41.60          39.46          40.6633.5936.8636.5736.86

p                          znxp                         Zn p                             Znxp

sEm  (±)                                0.71

cD  (P=0.05)                     2.04

Treatments  same  as  in  Table  I.

o.71                                  1.4,                                  0.94

2.04                               4.08                               N.S.

0.94                                1.88

2.71                                      N.S.
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rice graih'.\  There was graded response of phosphorus
application upto P2 level.  The P2 level was found to be
significantly supenor over rest of the treatments i.e. ,
Po,  P,  and  P3.    Application  of Zn  increased  the  Zn
uptake significantly over control.   Zn3 level increased
the  Zn  uptake  significantly  over  Zno,  Zn]  and  Zn2.
Similar  result  was  obtained  by  Prasad  ef  ci!.  (1995).
Treatment  combination  Zn3P2  was  significantly
superior  over  rest  of the  treatment  combinations.
Similar result was obtained by Patil  (2001).

There was significan't effect of Zn uptake on rice
straw,   P2  level was  significantly superior over rest
of the  treatments.    Similar  result  was  obtained  by
Reddy and Yadav (1994).   Zn3 level was significantly
superior  over  rest  of the  treatments  i.e.,  Zno.  Znr
Zn2.     Similar  result  was  obtained  by  Das  (1986).
He reported increased uptake Zn in rice straw with
Increasing dose  of zns04    Treatment combination
Zn3P2  Was  Significantly  superior  over  rest  of  the
treatments.  Similar results were obtained bv Prasad
€t al.  (2000).

Available  P  and  Zn  after  harvest

Soil samples were analysed for P and Zn content
after harvest of crop and data are presented in Table 5.

In  respect  of available P.  P3  level was  at Par Wlth  P2
and   was   significantly   superior  over  Po  and   P,.
however  P2  and  P,  were  significantly  superior  over
control which indicated  addition of P build up.   Zn
and  Zno  were  at  par  with  Zn]  and  Zn2  levels.    The
data reveal that increasing level of zn decreases the
available  P  content  in  soil.     Similar  result  was
obtained  by  Tiwari  et  az.  (1977).    Interaction  does
not  show any  significant effect.

Available Zn in  soil  at harvest under Po and P,
were  at  par,  however,  Increasing  dose  of P  viz..  P2
and  P3  significantly  lowered  the  available  Zn  than
Po.    Increasing dose  of P  decreased  the  Zn  content
in  soil.     Increasing  level  of  Zn  increased  the  Zn
content in soil.   Zn3 level was significantly superior
over  rest  or the  treatments.    Similar  results  were
obtained  by  Ingle  cJf  a{.  (1977).    Interaction  did  not
show any significant  effect.

CONCLUSION

From  the results  obtained  it can  be  concluded
that  applied  P  and   Zn  at  varied   level   showed
significant  positive  influence  on  plant  height,
number of tillers, grain and straw yield, uptake of P
and  Zn.    The  residual  effect  of  applied  P  and  Zn

Table  3.  Effect o`f clifferent levels Of zinc ancl phosphorus and their interaction on uptake Of
P (lcg  1\a I)  bu  rice grain and strau)

Levels Uptake  of P by rice  grain Uptake of P by rice straw
Zno                Zn,                Zn2                Zn3              Mean Zno                Zn[                 Zn2                Zn3              Mean

Po 2.89              4.10              3.79              3.99              3.69 1.59                I.85                1.99               2.07                I.88
P, 3.79             5.59             5,07             4.67             4.78 2.63              3.62              3.22              3.22              3.17
P2 6.60              6.90              6.23              6.25              6.49 4.38              4.35              5.43              5.01               4.79
P3 5.67               8.01                7.07               7.76               7.13 3.64              4.27              4.33              3.82              4.01

Mean 4.74              6.15              5.54              5.67 3.06              3.52              3.74             3.53

Zn                              P                          Zii  xp                         Zn                              P                          Znxp

SEm  (±)                                  0.21                                  0  21                                  0.43                                 0.18                                 0.18                                 0.35

CD  (P=0.05)                       0.62                                0,62                                 N.S.                                 N.S.                                 0.51                                 N  S

Treatments  saliie  as  in  Table   I.

Table  4.  E`ifect Of di.[ferent  levels  Of zinc and  phosphorus  aird  thei_r  i_nteract{on on iiptake  Of
Zn (kg  ha ')  bg  rice grcrin cmcl straLu

Levels Uptake  of Zn I)y rice  grain Uptake  of Zn by rice  straw
Znt,                Zn[                 Zn2                Zn3              Mean Zno                Znt                Zn2                Zn3             Mean

P,, 29.99           65.16           62.67          106.65         66.12 31.49            42.56            81.06            17.17           68.07
P, 45.77          106,31          101.63         146.26          99.99 44.49           60,13          116.76        155.77         94.29
P` 62.43          160.51          148.72        200  63        143  07 56.04           57.37          ]54.14         198.55         116.53

np,, 73.62           114.99          131.01          164.27          120.97 43.54            60.35          139.34         164.73         101.99
Mean 52.95            Ill.74          111.01          154.45 43.89           55.10          122.82        159.06

Zn                                 P                            Znx  p                          Zn                                 P                            Znxp

SBm  (±)                               3.32                              3.32                              6.63                              3.46                              3.46                             6,92
CI)  (P=0  05)                       9.58                                 9.58                                19,15                              10.00                              10.OC)                             20.00

Treatments  same  as  in  Table  1.
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Table  5.  E:ffect Of diurerent leuets Of zinc and phosphorus ar\d. their interaction on auatlable
P205 (k:g  hci I)  and zinc (mg  kg `)  {n so{l at harvest

25

Levels Available P306 Available  Zn

Zno               Zn,                Zn2                Znt,             Mean Zno                Zn I                Zn2                Zn3             Mean

Pr, 8.56              8.36              8.11               7.86              8.22 0.45              0.84               1.46              2.35               1.27
P, 9.88              9.66             9.46             8.13             9.28 0.47                0.78                 1.38                2.12                 1.19

P2 11.86              11.57               1112                9.46                11.00 0.42               0.72                1.24               2.08               1.12

np` 12.67             12.18             11.86             10.06             11.69 0.40              0.68               I.25              2.04              I.09
Mean 10.74             10.44             10.14             8.88 0.43               0.76               I.33               2.15

Zn                               P                           Znx  p                         Zn                               P                           Znxp

SEm  (±)                             0.29                            0.29                            0.59                            0.03                             0.03                            0.06
CD  (P=0.05)                      0.85                               0.85                               N.S.                               0.09                               0.09                               N.S.

Treatments same  as in Table  I.

indicated that there is increase in both the nutrients
at  harvest  of  the  crop  in  the  treatment  plots.
Treatment combination 50 k8 P205 + 6 k8 Zn ha I  is
significantly  superior  and  very  much  useful  for
increasing  the  grain  and  straw  yield  of  rice  and
building up P and Zn status of lateritic soil of coastal
Konkan.
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City Compost-An Alternative Technology for Sustainable Agriculture

S.  TPIIPATHl,  A.   8.   MANDAL,   a.   K.   BANDYOPADHYAY,  A.   P.   BAL,   S.   K.   DUTT,
K.   K.   MAHANTA,   C,   KAPIPAGAM  and   K.   CHAKPIABOFm'

Central  Soil  Salini(y  Besearch  lnstitute,   Begional   Besearch  Station,
Canning  Town,  West  Bengal  -743  329

Combined   use   of   Inorganic   fertilizer   (urea)   and   city   compost   as   integrated   plant   nutrient
management  practice  was  introduced  in  nine  farmers'  fields  of  Dumki  village  in  coastal  region
(Sundarbans)  of  West  Bengal.  The  findings  of  the  years  2003  and  2004  with   rice  cultivation
revealed  that  the  yield  was  much  higher  with  combined  use  of  city  compost  and  inorganic  N
fertillzer compared  to the farmers'  practice (low dose ol  urea  alone).  But,  due to the  higlier cost
of city compost the benefit : cost ratio was higher under tarmers' practice compared to combined
use  of  city  compost  and   urea.  The  microbiological  analysis   of  soils   (i.e„   microbial   biomass
carbon,  basal  soil  respiration,  dehydrogenase activity, fluorescein  dlacetate  hydrolyzing  activity)
revealed  that  the  benefit  of  applying  city  compost  will  have  augmenting  effect  over  a  period  ot
time  and  it  will  lead  to  erihanced  soil  productivity  and  sustainability  in  crop  product[on.

(Keg words  : Cilu compost.  Microb.aL btomass. So`L respirattoi\. Dehuctrogenase acLiuttLg.  Fluorescem
d`acetate hudrolu.zii\g  actiuitLu.  Coastal saltrre  soil)

The  salt  affected  coastal  soils  of  the  country
are  known for their poor and non-sustainable crop

yield.  Organic amendments,  such as compost,  may
benefit  soil  fertility  as  well  as  microbiological  and
biochemical processes  of soil  (Lalande  et ci[..1998).
Since the traditional organic manures are becoming
scarce the use of non-traditional organic resources
is  becoming  more  and  more  essential.   Municipal
solid waste  (MSW)  composts  are gaining familiarity
in  respect  of the  pressing  need  for  waste  disposal
and   resource   recovery.   Investigations   have
ascertained  both  beneficial  and  adverse  effect  of
MSW compost. A laboratory study by Perucci ( 1990)
indicated positive influence of MSW compost on soil
microbial  biomass  carbon  and   enzyme  activities.
Combined  use  of organic  manures  and  fertilizers
has  gained  a  major  thrust  in  abating  the  capacity
of   soil   to   sustain    the    level    of   production.
Bandyopadhyay  and   Rao   (2001)   reported   that
combined use of MSW compost and urea was beneficial
in respect of crop yield thro\igh augmentation in the
soil properties  of coastal  saline  soil.

Tripathi  et  a!.   (2001)   suggested  that  the  soil

quality  parameters  as  determined  by  microbial
biomass carbon (MBC). basal soil respiration (BSR).
dehydrogenase   aclivily   (DHA)   and   fluorescein
diacetate hydrolyzing activity (F`DHA) were seriously
2`ffected due to soil salinity. The authors opined that
organic supplements \\rere needed to counteract the

effects  of  stress  due  to  soil  salinity  on  mierobial
components  of soil  quality.  The present study was
conducted on the farmers` fields of the coastal saline
region  (Sundarbans)  or  West  Bengal  to  test  the
research    outcome    generated    under    NATP

programme  of ICAR on  the  combined  use  of bulky
organic resources  and  chemical  fertilizer for higher
crop  production.

MATEFllALS  AND  METHODS

Nine  farmers`   fields  were   selected  for  the
experiment at Dumki village` Canning, West Bengal
where the Technology Assessment and  Refinement
through  Institution  Village  Linkage  Programme
(TAR-lvLP)  project  was  functioning.   City  compost
derived from Kolkata municipal waste was used  as
bulky organic source of nitrogen and was applied @
5  t  ha I   (fresh  weight  basis).   Suitable  quantity  of
urea  as  Inorganic  fertilizer was  applied  to  balance
the   nitrogen   dose   of   100   kg   N   ha  I   being  the
recommended  dose  for  rice  in  the  region.  The
combined application of city compost and urea was
designated as I-ecommended treatment (RT) and this
was   compared   with   the   farmers'   practice   (F`P)
involving  application  of urea  ©  20  kg  N  ha I  only.
The city compost contained  16.6 % organic carbon.
0.9  %  total  nitrogen  with  C/N  ratio  of  11.8.  Rice

(cv. Swarna) was grown in the kJicirt/seasons of 2003
and  2004.  The  grain  yields  of rice  were  recorded.

'Iiislilute  of Agricultur€`l  Science.  University  of Gal(`utta,  Kolkata  ,  700  029,  WB



City  compost  in  lpNM  for  saline  soil 27

`L

After  rice  harvest  surface  soil  samples  (0-20  cm)
were  collected  randomly  from  each  farmer  field,
dried,  ground  and  sieved  (2  mm)  after  removing

plant  debris`  visible  fauna.  stone,  etc.  as  required.
Microbial biomass carbon (MBC)  (Joergensen,  1995),
basal    soil    respiration    (BSR)    (Alef,     1995a).
dehydrogenase  activity  (DHA)  (Casida  et a!..   1964)
and   fluorescein  diacetate  hydrolyzing  activity
(F`DHA)  (Alef`   1995b)  of soils  were  determined  with
the   sieved   (2   mm)   field   moist   soil   samples   in
triplicate.  Physicoc`hemical  properties  of soils  and
the  compost were measured with  the  air-dried  soil
by standard  methods.

RESULTS  AND  DISCUSSION

The pH of the soils from different farmers` fields
varied   between   6.2   and   7.6.   The   electrical
conductivity of saturation extract or the studied soils
was  between  3.5  to  5.8  dsm.I.  The  water  holding
capacity of soils ranged from 56 to 63 %. The organic
carbon level of the soils under study varied between

8.4   and   10.2   g  kg`.   There  was   a  considerable
variation in soil MBC between the farmers (FP)  and
the  treated  plots  (RT).

The mean MBC for FP plot was 57. I  and that of
recommended   treatment   (RT)   plot  was   192.4
(Table   I).   This   indicated   that   the   microbial

population   of  soils   increased   due  to  combined
addition  of city compost  and  urea.  It was  reported
by  Kumar  et  ci!.   (1999)   that  when   organic  and
Inorganic  sources were  applied  in  conjunction,  soil
microbes  were  invigorated  thus  allowing  a  farther
release of nutrient due  to enhanced decomposition
rate.

Brookes  €t  al.   (1987)  suggested  that  not  only
the  microbial  biomass  but  also  its  activity  should
be  studied  for  proper  appreciation  of  ecosystem
functioning and the soil disturbances due to natural
and anthropogenic stress.  In the present study the
BSR in  R'I`  plots  increased  considerably  than  that
in  F`P  plots,  indicating  greater  microbial  activities

Tabl.e  1. Effect Of farmers`  practice and recommendect treatrr\ent on soil qualitu parameters
(mean Of 2003 and 2004)

Farmer Treatment Microbial Basal  soil Dehydrogenase Fluorescein  diacetate
field bioma§s respiration activity  try8 TPF 8'i hydrolyzing  activity

carbon tog  C02-C  8-I dry  soil  h-I  at  37oC) try8  fluore§celn  g-I  oven
try8  g-LOvendry§Oil) oven  dry Soilh.Iat24oc) dry soil h.l  at  24oC

rtF`2F3F4F5F6F7F8F9Mean FP* 51 1.I 5.4 25

RT*, 198 2.3 16.4 102

FP 49 0.95 3.I 33

RT 205 2.5 17.3 130

FP 62 1.3 2.3 36.5

F\T 180 2.6 17.7 120

FP 43 1.2 4.2 29.3

RT 187 2.8 18.I 98

F`P 55 1.05 5.05 23.5

RT 214 2.9 18.I 119

FP 70 0.9 5.05 19.5

RT 160 2.I 18.I 92

FP 61 I.4 3.6 21

RT 179 2.7 16.9 98

FP 57 I.5 4.8 19

RT 188 2.4 19.1 108

FP 66 I.2 3.9 27

RT 221 •2.7 19.8 124

FP 57.I I.18 4.15 25.98

RT 192.4 2.55 18.02 Ilo.11

*Farmers'  practice
**  Recommended  treatment



28 S   Tripathi  et a/.

due to compost addition. The mean DIIA activity of
RT  plots  was  18.02  which  was  much  higher  than
that  of  FP  plots   (4.15).   According  to  Batra  and
Manna ( 1997) dehydrogenase activity is widely used
as a generalized comparative index of soil microbial
activity. The hydrolysis of fluorescein diacetate has
also  been  found  to  be  an  index  for  the  overall
microbial  activity in  coastal  saline  soil  (Tripathi  et
a[..  2001).   Due  to  addition  of  compost  the  FDHA
activities  were  also  increased  (Table  2).  The  active
microbial ceHs  transport FDA inside the cell where
it  is  hydrolysed  to  polar  flourescein  (Alef,   1995  b).
When the storage capacity of the cells with respect
to f]ourescein exceeds,  it is released out  (Schnurer
and   Rosswell,   1982).  The  results  thus  clearly
indicated  that  both  the  microbial  population  and
activity  in  the  amended  soils  were  far  better  than
that  of non-amended  soils.

The  Table   2   suggested   that   there  was  a
remarkable  improvement  in  grain  yield  with  the
application of the recommended treatment in all the
farmers'  fields over the  farmers'  practice.  In a field
study,  Bhattacharyya  ef  a!.  (2003)  observed  49  0/o

increase  in  grain  yield  with  integrated  application
of  urea  alongwith  MSW  compost  derived  from
Kolkata  municipal  solid  waste  compost  compared
to  their  respective  single  application.  The  costs  of
cultivation for FP and Rr were Rs.10450 and 18400,
respectively  at  field  sites.  The  mean  total  value  of

produce  was  much  higher  (Rs.  24611)  in  RT  than
that of FP (Rs.  18700) owing to higher grain yield in
the  former treatment.  However,  the  mean benefit  :
cost ratio for the  RT (1.33)  were lower than the  FP
( I.79). This was  due  to  higher cost of city compost.

The results,  thus,  indicated high enhancement
of microbial  population  and  activity  in  soils  when
combined  sources   (bulky  organic  +  inorganic)   of
nutrients were applied.  Although the benefit  :  cost
ratio for the RT was lower than that of FP the gross
and  net profits were  much  higher in  RT plots.  The
RT treatment would certainly benefit the soil quality

parameters   in  the  long  run.   The  soil  ecological
upgradation  due  to  c.ity  compost addition  will  help
to produce higher yielct  tn a sustainable manner in
the  long run.

Table  2. Grain gieid anct economies Of the treatments tn clifferent Jdrmers' field (mean Of 2003 ancL 2004)

Farmer held Treatment Grain yield (q/ha) Total value ofproduce(Rs/ha) Benefit:  cost ratio

FlF2F`3F`4F5F6F7F8F9Mean FP* 26.5 17588 I. 68: I

RT** 34.2 22914 I.24:  I

FP 27.20 18224 I.74:  I

RT 37.25 24958 1.36: I

FP 27.50 18425 1. 76: I

RT 38.25 25628 1.39: I

FP 28.50 19095 I.83: I

RT 35.0 23450 1.27: 1

FP 28.25 18593 I.81 :  I

RT 34.7 23651 I.26:  1

FP 27.75 18593 I. 78:  1

RT 35.3 23651 I.28; 1

F`P 28.00 18760 I.79; 1

RT 39.4 26398 I.43: I

F`P 28.75 19263 I.84: 1

RT 37.00 24790 I.35: I

FP 29.00 19430 I.86: I

RT 36.50 26465 I.44: I

F`P 27.91 18700 1.79:  I

RT 39.5 24611 I.33: I

-Farmers.  practice.  cost  of cultivation  Rs.   10450.00/ha
"  Recommended  treatment.  cost  of cultivation  Rs.  18400.00/ha
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Effect of Flooded and Non-flooded Water Regimes on Nitrogen
Fixation and Free Living Nitrogen Fixing Microorganism in Soil

H     K.   SENAPATl,   P.   K    SAMANT  and  A.   K    PAL

Departmen(  ot   Soll   Science  and  Agrlcultural   Chemlstry
O.U.A  T,   Bhubaneswar  -751   003,  Orissa

The effect of floocled  ancl  non-flooded water regimes  on  nitrogen  fixation  and  free  living  nitrogen
(ixing  microorganism  was  s`udled  both  in  laboratory  and  pot  culture  experiments.  In  the  sandy
loam  surface  soil  (Oxic  Haplustult)  of  Bhubaneswar  the  cultures  of  Azotobacter,  Azospirillum,
BGA and Azolla  were  used  (or  laboratory  and  pot culture  experiments.  Molsture  was  maintained
at 60% water holding capacity (WHC) and under standing water sltuation. The highest percent Increase
in  total  nitrogen  was  25.90  to  36.93  by  Azolobacter  and  Azospirilliim  in  nan-flooded  and  20.00  to
32.97  by  BGA,  Azolla  and  mixed  cullii.e  in  flooded  siluatlon.  The  highest  Azospirillum  count  ot
41.10  X  103  and  18.10X103  were  observed  in  non.flooded  and  flooded  conditions,  respectively.  The
dry  matter,  grain  yield  along  witli  nitrogen  uptake  followed  the  same  pattern.

(Keg u)ords  :  Flooded. 8L i\on-jtoodecl  soil  r\`trogen ftxaL`on.  Flet> hou\g  i\iLrogcm  fiunn{]  rmcloorgandsrn)

The  I-ice soils subjected to alternate Hooded and
non-flooded  water  regimes  registered  se`'eral  fold
Increase  in  nitrogenase  activity  under llooded  than
non-flooded  condilions  (CRRI.   1981).  Watanabe  €{
a!.  ( 1981) stated that nitrogen from BOA contributes
to  the  nutrition  of  deepwater  rice.   Inoculation  of
Azotobacter  in  rice  field  reduced  requirement  of
fertilizer N by about 20 to 40 kg N ha"  (Rangaswami,
1966).  The  amount  of N  fixed  by  BOA in  deepwater
rice  is  almost  six  times  than  that  of  the  value
obtained  from  shallow  water  wetland  rice  fields
(Martinez  and   Catling.    1981).   Srinivasan   (1983)
opined  that  incorporating Azolla  into  soil  fertilized
with  nitrogen  gave  significantly  higher yield  of rice
than  nitrogen  alone.  The  experiment was  designed
to  assess the  ability  or different free living nitrogen
l`ixing microorganism under various water regimes.

MATERIALS AND  METHODS

The exprimental soil Oxic Haplustults collected
from   Bhubaneswai-  was   analysed   as   per  the

procedures  advocated  by  Jackson  (1973).  The  soil
was sandy loam having p]i 5.3.  EC 0. I  ds in I. WHC
35.56  percent.  organic  carbon  4.3q  kg '`  CEC  3.7
c.mol  (p+)   kg  I,  total  N  0.33g kg I,  available  N  136 kg
ha I,  P (01sen.s) 9.2 kg ha  1  and NHj OAc exlractable
K  140  kg  ha I.  Three  hundred  gram  of  sieved  soil
\vas taken  in 500 ml glass beaker.  Phosphorus and
molvbd€num  were  applied  @   50  and   I   ppm  salt`
respectively  and  mixed  well.  Peat based  culture  of
Azotobacter.  Azospirillum  and  dried  nakes  of blue

green  algae  (BOA)  and  mixed  culture  (combination
of three each of 0.1g) were added to the soil.  Moisture

was maintained at 60 percent water holding capacity
and with water height  ol` 3 cm maintained in different
treatments.   Trealinents  \vere  incubated   under
laboratory condition for thi-ee months  and  the loss of
moisture was compensated  from time lo time during
the course ol investigation. At one month interval soil
samples were drawn for delemination of total nitrogen
and were  expressed  ()n  moisture  free basis.

A pul culture e.\periment with  10 kg soil in each

pot  \vas   also   set   up   to   cori-clate   the  results   of
laboratory cxperimenls  The soi] w.as inoculated with
different biol.ertilizers.  Rice  (cv.  IR36)  seedlings were
transplanted  and  the  moislure  was  maintained  at
600/o water holding capacity and with standing water
height  of 3  cm.  Soil  samples  were  drawn  after  30,
60 and 90 days of incubation to determine the total
nitrogen  as  per  the  method  of Jackson  (1973)  and
to enumerate the nitrogen fixin`g microorganism viz. .
Azotobacter  (Subbarao.    1982).   Azospirillum   (Day
and   Dobereiner,    1976)   and   Blue   green   algae
(Subbarao,    1982)   in   soil.   All   the   results   were
expressed on oven dry basis by estimating moisture
of  the  corresponding  soil  samples.  The  harvested

grain  and  straw  samples  were  analysed  for  total
nitrogen  (Black.   1965)  and  the  uptake  of nitrogen
was assessed. The statistical analysis (factorial RBD)
was  made  following  the  procedure  of  Panse  aiid
Sukhatme  (1954).

RESULTS  AND  DISCUSSION

It was observed from Table  1  that higher amount
of nitrogen (26.01 °/o) \vas l`ixed by Azospirillum culture
followed  bv  24.50/a  by  Azolobacter  culture  at  60%
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WHC  over  control.  Whereas.  Blue  green  algae  and
mixed culture fixed less amount of nitrogen.  Under
flooded  silualion  the  trend  was  reversed.   11  was
observed  that  BOA  and  mixed  culture  performed
belleT  than  Azotobacter  and  Azospirillum.   The

pei.centage  inci-ease  in  total  nitrogen  by  the  mixed
culture  was  24°/o  followed  b.v  22.6%  by  BOA.  F`rom
Table 2 it \vas round that at 600/o WHC` Azospirillum
fixed   higher  amount   of  nitrogen   by   33.15   and

31

36.93% over control at 60 and 90 days of incubation`
respectively.  The  higher  amount  of nitrogen  fixed
at  600/o  WHC  may  be  due  to  associative  symbiotic
nature  of Azospirillum  which  multiplied  and  fixed
atmospheric  nitrogen  at  root  zone  of rice  plant  as
outlined  bv  Rao  and  Rao  (1984).  Whereas.  under
anaerobir  condition   the  BOA.   Azolla  and  mixed
culture  I-ixc.d  more  quantity  of nitrogen  viz..  41.38,
40.99   and   41.76%.   respectively   over  control   at

incubation)
Table  1.  E.ffect  Of moLsture on nitrogen ftxattor\ bLu `free  Living  organism Ln S°LL lle33l5|3|!±i!is::5!:::::i::1

Treatments Days of incubation

30 60 90 Moan

Total  N             Increase Total  N              Inc`rease To`tll  N               Increase T()tal   N

(g  k8')                             (Oo) (g  kg  I)                          (0/o) (g   k8   I)                              (`yo) (8  k8-I)

Won-flooded (60% WHC)

Comrol                                      0.533

Azcttobac.lcr                               0.664

Azospirillum                            0. 668

BOA                                                0.585

Mixed  cul\ure                         0.600

0.546

24.57                  0.672

25.32                   0.690

9,75                   0.600
12.57                   0.580

0.548

23.07                 0.690
26.37                 0.690

9.89                   0.590

6.22                    0.595

0.542

25.90                  0.675

25.90                  0.683

7.66                   0,592

8.57                    0.592

Flooded

C()ll(rol                                             0  500

Azt)tobae(er                              0  520

Azospirillum                              0.535

BOA                                             0.620

Mixi`c]  cult`ii.c                             0.628

0.512

4.00                   0,528

7  00                    0.538

24.00                   0.635

25.60                  0  639

0525

312                     0.535

5.08                    0  536

24.02                   0.630

24.30                  0.636

0.512

I.90                     0.528

2.09                     0.536

20.00                   0.628

21.14                     0,634

C  D  (P=0.05)  for  treatrnen(  =  0  024`  lnoculant  =  0.009.  Moisture  =  0,006.

Table  2.  B`(fecl  Of TT\otsture  on  nitrogen.foLxation  bLu
`|`re.e  Living  organism in soil  (pot  cLilture  studies)

Non-Flooded  (60% WHC)

Control

Azotobacter

A7,ospi]-illum

BOA

Azolla

Mi.xed  culture

0,552               -

0  700         26  81

0.735          33.15

0.610           10.50

0.620          12.32

0,630          14.13

0.555               -

0.725         30.63

0.760         36.93

0.613          10.45

0.622          12.07

0.635          15.03

Flooded

Control
Azotob.acter

Azospirillum

BOA

Azo'la

Mixed  culture

0.522                -

0.600           14.94

0.621            18.96

0.738         4138

0  736        40  99
0740         4176

0.558                -

0.6]0          9.32

0.623           11.64

0  739        32.43
0.738         32.25

0.742         32.97

C.D   (P=0.05)    for   Treiitmeiit=0   02,    In(>culant=0.01.

M()isti]rc=0  005.   Inoculant   X  Moisturc`=0.014

Inoculant  X  Moisture  =  0.017

60   days   of  Incubation   than  Azoloba(`ler  and
Azospirillum.   The   BOA  fixed   more   quantity   or
nitrogen under submerged condition (Watanable e[
a{..1981.  Saha  and  Mandal.1980)  because  of  its
faster proliferated nature. Azolla can also contribute
nitrogen  to  a  considerable  amount  due   to  Its
symbiotic  nature  (Ramasamy  et  cil..   1984).  In  this
study the mixed culture  showed higher percentage
of  nitrogen   fixation  probably  due  lo  associative
symbiotic  nature  with  other  microorganism.

F`rom Table  3  it \vas  observed  that`  under non-
flooded   situation   the   highest  yield   or   11.63   and
8.39g pot \  of dry matter and grain,  respectively and
corresponding  N  uptake  of  98.85  and   105  20  m`g

pot-I   were   observed   in   Azospirillum   treatment.
Similar  results were  also  reported  by  Sanoria  et cl[.
( 1982).  But under Hooded situation the highest yield
of  12.82  and  9.46g  pot-I   of  dry  matter  and  grain.
respectively  and  corresponding  N  uptake  of  117.94
and   134.54  mg  pot I  were  round  in  mixed  culture
treatment, The results were also in agreement with
the   findings   of  Rao  e[  ctl.   (1983)   and  Sin`gh   e[  a!.

(2002).
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Table  3.  E;I iect Of moisture and.ITee living
organism on r\ttrogen uptak.e bg crop

Nan-nooded  ( 60% WHO)

Control                      4.53            28.26             3.52          36.79

Azotobacter            11.18          92.85              7.68          93.62

Azospirillum          11.63          98.85              8.39         105.20

BOA                             10.75          77.77             6.72          78.46

AZQlla                           9.31             69.04              6.36           72.02

Mixed  culture       10  91           83.64             6.69          82.46

Flooded

Control

Azotobacter

Azospirillum

BOA

Azolla

Mixed  culture

8.11                51.36

8.60            55.63

9.31             67.36

12.46          107.62

11.89           103.49

12.82           117.94

C.D  (P=0.05)

Treatment              0.08

Inoculant                0.057

Moisture                 0.033

Inoculant x            0.08
moisture

5.05          54.40

5.50          60.40

5.87          66.03

8.91            119.69

8.76           116.12

9.46         134.54

0.28

0.20

0.117

0.28

Table 4  indicated the  highest counts of 15.10,
41.10   and   6.70   (x    103g.I   soil)   of  Azotobacter,
Azospirillum and BGA under non-flooded and 3.30,
18.10  and  9.30  (x   103  g-I   soil),   respectively  under
flooded  situation.  Watanabe  et  a!.   (1981)  also  got
similar results  from their studies.

From  the  present  study  it  may  be  concluded
that under upland low moisture regimes. inoculation
of Azotobacter  and  Azospirillum  and  in  lowland
submerged  conditions  inoculation  of BCIA,  Azolla,
and  mixed  cultures  should  contribute  to  nitrogen
budget in  soil.
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Nutrient Content, Uptake and Yield of Rain fed Groundnut
(Ar¢cbz.s bypog¢c¢ L.) as Influenced by Moisture

Conservation Practices and Nutrient Management
G    SUBBA  F]AO'  and  R,  G    PATEL

Deparlmem  of  Agronomy,  College  of  Agriculture
Gutarat  Agricultural  University,  Jiinagadh  -362  00t    Guiaral

An   expeilmen`   was   conducted   during   khar/'f  1999   ancl   2000   to   study   the   effect   of   land
conflgurations,  mulches  and  nutrient  management  on  the  content  ancl  uptake  of  nutrients  and

yield  of  groundnut.  Moisture  conservation  practices  involving  alternate  furrow  and  bed,  ridges
and  furrows,  plastics  and  stl.aw  mulches  had  significant  influence  in  terms  of  NPK  content  at
60  DAS  and  at  harvest  and  uptake  of  the  same  nutrients  at  harvest  over  control.  Similar  resiilts
were  also  registered  due  to  moisture  conservation  practices  in  terms  of  pod  and  haulm  yields.
Full  recommended  dose  of  fertilizer  +  lnclole  Butric  Acid  (IBA)  ®  50  ppm  +  Urea  @  1%  spray  at
40  and  60  DAS  (N3)   recorded  significantly  higher  NPK  content  at  60  DAS  and  at  harvest  and
uptake  of the  same  nutrients  at  llarvest  over  other treatments.  Furtl`er,  N.  recorded  higher pod

yield  (1724  kg  ha  ')  and  it  was  at  par  with  100°/a  PDF (N2),  and  was  significantly  superior to  other
treatments.

(Keg  uiords  :  NULricnl  c`oi\t.>Iit.  Morsturc  coi\seruation.  Raiii`fed  grouncll\uL)

The   major  area   (87.7   percent)   under
groundnut   cultivation   in   India   remains   under
rainl-ed  condition  and  is  confined  lo  varying  types
of soils having dil`ferent fertility levels which are low
in organic matter and poor in water holding capacity.
Further.   the  region  of  Saurashtra  in  Gujarat  is
highly innuenced by the vagaries of monsoon` which
results in  low and  unstable yields. The region faces
twin   problems   of  poor  fertilily  and   inadequate
moisture a\'ailability for successful orop production
which  often  result  in  partial  or  total  railure  of crop
with  o(icurrence  of mild  to  severe  drought.

The   most   emc`ient   and   cheapest   way   of
c.t>nserving  rainwater  is  {rrs[.{u  land  configurations
find use of mulches for sustainable crop production
(Singh    and    Das.     1988).    F`urther`    balanced
applicalions  of  nutrients   through  organic  and
inorganic`  sources besides  biofertilizers and growth
hoimones  should  enhance  the  groundnut yields.

In   Gujarat,    especially   in    the   region   of
Sa`iri`shlra`  meagre  inl`ormation  is  a\,'ailable on  the
cfrecl   of  moisture   conservation   practices   in
combination   with   nutrienl   management   for
stabilizing  the  Qro`indnut  yields.   Keeping  in  view
tlie  z`1]ovc  situation   the  present  Investigation  \vas
undcrt€`ken.

MATEpiALs  AND  METHor>s

An    experiment    \vas    conducted    at     lhi-
Instructioiial Farm.  Gujarat Agriculttiral University.
Junagadh  during  1999-2000.  The  soils were clayey
in  texture.  slightly  alkaline  in  reac`tion  and  low  in

phosphorus. The soil contained 0.62 to 0.68 percent
organic  carbon`  was  medium  in  available  nltrogen
(223.00  kg  N  ha  I)  and  potash  (235.00  kg  K20  ha  I)
and  low  in  phosphorus  (21.40  k8  P205  ha  I).  The  PH
and   EC   of  the   soil   were   8.10   and   0.27   dsm  1.
resi)ec[ively.  Thirty-six  treatment  combinations  in
total  \vere  evaluated  in  split  plot  design  with  three
replications    including   three   levels    of   land
configurations  (Lo=natbed,   L,=ridges  and  furrows.
L2=alternate   furrows   and   beds)   and   mulches
(Mo=control`   M[=wheat   straw   @   5   t   ha  \   and
M2=plastic mulch 84 thick) as main trealments`  and
four  levels   of  nutrienl  management   (No=control`
N,=recommended  (lose  of  fertilizer  (RDF)  i.e..   12.5

k8  N  +  25.0  P20j  k8  ha  I,  N2=50%  RDF  +  5t  FYM  +
rhizobium  +  phosphorus  solubulizing  mycorrhiza
lpsM)I   N3=100%   RDF   +   indole  butric   acid   (IBA)

@  50  ppm  +  urea  @'   1%  at  40  and  60  days  after
sowing  (DAS)   as  sub-treatments.   Groundnut  cv.
GG20, a semi-spreading type, was sown at a spacing
of 60  x  10  cm.

Itl\.i('nl   ,I(Irlr.is      ,11'    \\r.il(ir   M"iait(\m(`n|   Projcc(     B.ipalla.   Gulitur   Dls(rlt`l   An(lhl.+l   ['rii(I(`sh   -522101
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Nitrogen and pliosphorus `vere applied as basal
in  the  l`orm  or  urea  and  single  superphosphate,
respectively.  while  FYM  \`'as  applied  before  sowing
as  per  the  treatments.  The  seed  treatment  with
biorultures  ``'as  also  done  as  per  the  treatments
bclore  sowing.  Land  configurations  and  mulches
\`'ere ap|)lied at 20 DAS as per the treatments.  Indole
Butm  Acid  (IBA)  and  Urea  were  [ogethcr  spra}'ed
as per the treatments twice at 40 and  60 DAS.  Plant
anal.vsis  `vas  done  b.v  using  standard  methods  for
N.  P  and  K content  al  60  DAS  and  at  harvest.  and
the   total   uptake   of  the   same   nutrients   was
determined  by using appropriate  formula.

RESULTS  AND  DISCUSSION

The data (Tat)les  1  and 21 indicale that  alternate
l`urrow  and   bed   resulted   in  signiricantly   higher
nutrient   (N,   P  and   K)   t`ctntent   at   60   DAS  and   al
har\'est and `iptake or the same nutrients at harvest.
Alternate  furl.ow  and  bed  resulted  in  maximum  N
(95.34  kg  ha  I),   P  (12.24  kg  ha  I)   and   K  (51.72   kg
ha  I)  uptake  at  harvest  as  compared  to  flatbed
method.  F`urther alternate furrow and bed recorded
higher  pod  yield   (1665  kg  ha-I)  which  was  at   par
with   ridges   and   furrows`   and  \vas   significantly
su|)erior  to  flat  bed  method.  Alternate  furrow  and
bed  and  ridges  and  furrows  resulted  in   16.76  and
11.78  percent  increase   in   pod  },'ield   o\.er  flat  bed
method.  Almost similar trend \vas observed  in  case
of haulm vield.  Alternate furrow and bed  and ridge
and  furrows resulted in loose seedbed. which helped
to  retain  more  soil  moisture  leading  to  increased
root  proliferation.   thereby  probably  absorptiori  of
more  nutrients.   Higher  moisture  also  helped  to
increase microbial acti\'ity resulting in more nutrient
a\Jailability  and  hence  more  nutrient  content  in

plants.    Consequent    to    higher    di.y    matter
accumulation, pod and haulm yield.  higher nutrient
content  in  plants  led  to  higher  N`  P  and  K  uptake
by `groundnut  crop.  Desai ( 1989) and Venkaleswai-lu

( 1999) also reported similar results with altered land
configurations.

Wheat  straw  and  plastic  mulches  were  at  par
with  each  other in  respect  of N.  P and  K  c`ontent  al

60  DAS  and  at  harvest  and  uptake  of  the  same
nutrients at harvest. F`urther, wheat straw produced
maximum  yield  (1624  kg  ha-'L   which  was  at  par
with  plastic  mulch  and  was  signiric.anlly  supeiior
lo control.  Haulm yield also followed the same trend
as was observed in case of pod yield. The favourable

effect  of plastic  ancl  wheat  straw mulch  in  terms  of

pod and haulm yield could be attributed to beneficial
gi-owth  parameters  and  yield  attributes  due  to
improved  physical  parameters  and  increased  soil
moisture  content.  which  finally enchanced the N.  P
and  K  content  and  uptake  ol` major nutrients.  The
results are in confirmation of Kh;slaria e[ al.  ( 1994)
and  Basu  (1999).

Nutrient  management

Full  dose  of RDF  +  IBA  @  50  ppm  +  urea  @   1°/o

(N,)   resulted   lil   significantly  higher   N`   P  and   K
content  in  plant  at  60  DAS  and  at  harvest.  and
uptake ol` the same nutrients at harvest followed by
N',   and   N2.   while   control   (No)   without   fertilizer

application resulted in significantly lower values for
all  nutrients.  Similarly.  N3  resulted  in  significantly
highei.   uptake    of   nitrogen    (97.50    ka   ha  I).

phosphorus  (12.01   kg  ha-I)   and  potash   (54.35  kg
ha I)  in  pooled  analysis  at  harvest  as  compared  to
c.ontrol.  Further.  100% RDF` + IBA ©  50 p|)in + urea
@   1°/o   (N3)   recorded   higher  pod   and  haulm   (1724
and  2489  kg  ha I.  respectively)  in  pooled  amlysis.
white it was at par with  100°/o RDF` (N[) in Individual

years.  The  percentage  Increase  in  pod yield with  Nq
and   N,   over  control   (No)   was   39.92   and  25.75,
respectively.  The  nutrient  application  might  have
resulted in increasing, their concentration in the soil
solution.  thereby  increased  their  availability  and
absorption by the plants.  N fixing bacteria enhance
the  soil  nitrogen  and  PSM  produces  the  organic
acids,  which  also  might  be  responsible  for  quick
release of nutrients. Foliar spray of urea and growth
regulators  enchances  the  chlorophyll  content  in
leaves which might have helped in higher uptake of
NPK by plants.  Further. the increase in total uptake
of  N.   P  and  K  nutrients  could  be  attributed  to
cumulative   effect  of  increased   photosynthetic
activity,  yield  attributes  and } `   lds.  The results are
in  c`onformitv  with  close  vicinity  or  Kachot  (1999)
and   Rao  (19`98).  The  amount  and  distribution  ol`
rainfall was good  in  2000  (529.8  mm)  as  i`ompared
to    1999   (394.5   mm),   hence   the   growth.   yield
allributes  and  yield  level were  better in  2000.

Based  on  the  results,   it  is  evident   that   land
configurations such as alternate furrow and bed and
ridge and furrows with wheat straw or plastic mulch
and  100°/o  RDF  +  IBA  ®  50  ppm  +  urea  @\   l`'/o  spra`y

at 40 and 60  DAS  helped  in  inc`reasing the  nutrjcnl
status   of  the   soil   and   producti\Tily   of  rainl`ed

groundnut  crop.
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Effect of Substitution of K of Muriate of Potash by Na
of Common Salt on the Growth Characteristics

of Banana, Variety `Robusta'
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A field  experiment was  conducted  in  the  Instructional  Farm,  College  of Agriciilture,  Vellayani  to
study  the  effect  and  extent  of  substitution  of  K  of  muriate  of  potash  by  Na  of  common  salt  in
banana  var.   I]obiista.  The   recommended  dose  ol  muriate  of  potasli  as   per  the  package  of
practices  of  the  Kerala  Agricultural  University  (320  g  K  per  plant  per  annum)  was  taken  as  T,
(100%  K  as  MOP).  Other  treatments  were  T2  (25%  K  as  MOP),  T.  (50°/o  K  as  MOP),  T4 (75°/o  K  as
MOP),  T5  (75°/a   K  as   MOP   plus   25°/a   Na  as  common   salt),  T6  (50°/a   K  as   MOP   plus  75°/a   Na  as
common  salt),  T7  (25%  K  as  MOP  plus  75°/o  Na  as  common  salt),  and  To  (100°/a  Na  as  comiT`on
salt).  Tlie  results  revealed  significant  differences  in  growth  characteristics  such  as  plant height,
girth of plant,  number ot leaves and  lAl  at all  stages  of growth. The clilorophyll  content increased
with  application  of  common   salt.   PLWC  was  also   higher  in   Na  treated  plants.  The  treatment
which   was   given   K   ancl   Na   in   50:50   proportions   registered   the   highest   values   of   growth

parameters  producing  the  highest  dry  matter  and  yield.

(Keg  words  :  Bai`ai\a.  Growth  cl.arcl_clen`sucs.  Lea`f area  utclex.  Cltlorophiuu  corilci`l.  RelcLtti)e  le(rf
u)ciler  cor\tei\t.  K  sul)stitution  bt!  Na)

Potassium  is  recognized  as  the  key  element  in
crop  nutritictn.  the  effect of which being manifested
equally  on  the  qualitali\'c  and  quantitative  aspects
ol`  the   crop.   Banana   is   a   crop   having   high   K
requirement.   But.   K  fertilizers   are  expensive  in
India.  Hence,  it  would  be  highly  economical  if any
Indigenous fertilizer can be used at least as a partial
substitute  for  K.  Na,  another  univalent  cation,  is
known to replace K at least in  some of its functions
in plants. Several works indicate that Na of common
salt can substitute K of muriate of potash (MOP) at
least  partially  in   the   crops  tested   (George.   1995.
Devi   and   Padmaja.    1996a`   Lekshmi.   2000).   If
common salt is used as a partial substitute for MOP`
it can  save a part of the  import cost  ol. K  fertilizers.
Hence,  this  study  was  undertaken  to  rind  out  the
exlenl of substitution  possible in  banana to obtain
maximum yield  without affecting quality.

MATEF]IALS AND  METHODS

A field experiment was conducted in the oxisols
()r  the  Instructional  Farm,   College  of  Agriculture,
Vellayani from August  1999 to June 2000 in banana
`.Robusta'   with   eight   treatments   and   three

replications   in   randomized   block   design.   The
recommended dc)se  of muriate  of potash as per the

package  of  practices  of  the  Kerala  Agricultural
University (320 g K per plant per annum) was taken

as  T,  (100%  K  as  MOP).  Other  treatments  \vere  T2
(25%  K  as  MOP),  T3  (50°/o  K  as  MOP).  T, (750/o  K  as
MOP).  T=`  (75%  K  as  MOP  plus  25%  Na  as  common
Salt).  TLT  (50%  K  as  MOP  plus  50%  Na  as  common
salt).  T7  (250/o  K  as  MOP  plus  75%  Na  as  common
salt),  and T8  (100%  Na as  common  salt).  The  soil  of
the  experimental  site  belonged  to  the  family  of
Loamy  Skeletal  Kaolinilic  Isohyperthermic  Rhodic
Haplustox.  The  soil was  acidic  in  reaction with  low
status  of N,  P  and  K.  Biometric`  observations  of the

plant  under  different  treatments  were  recorded  at
two  months  interval  at  early vegetative  stage  i.c..  2
month  af(er planting  (MAP)`  late vegetative stage  (4
MAP).   shooting  stage  (6  MAP),   bunch  maturation
stage   (8   MAP)   and   harvest   stage   (at   harvest).
Observations were taken  from plants selected from
each  plot.  Height  of the  plant was  measured  from
the base of the rjseudostem to the base of unopened
leaf.  Girth of the plant was measurecl at  10 cm above

ground  level.  The  total  number of functional leaves
in  the plant  at  the  sampling time was  counted.  LAI
was  determined  as  leaf area  per  plant  /  land  area
per  plant  (Watson,   1952).   Chlorophyll  estimation
was  done  in  samples  from  the  index  leaf  (third
opened  leaf  from  top)   by  colorimetric  method  as
described  by Arnon  (1949).  Relative Water Content
in  leaves \vas  determined  by  the  method  proposed
by Weatherley (1950) which was modified by Slatyer
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and  Barrs  (1965).  Index  leaf samples  were  taken
and  RLWC was determined  as  :

RLWC  =  I(Fresh  Weight  -Oven  dry  weight)/
Fresh weight]  x  loo

f]ESULTS AND  DISCUSSI0N

Significant  treatment  differences  were  noted  in
the case of plant height at all growth stages ITable  I).
Maximum plant height was recorded in Treatment
T6   where   K   and   Na   were   supplied   at   equal
concentrations  (50:50).  The  treatment  T,  (1000/oK)
recorded a significantly lower value when compared
wlth T6.  In  treatments  receiving  K alone at  25.  50
and   750/o   of   the   recommended   level.   these
parameters were lower indicating that K supply was
not  sufficient  in  these  treatments  for  the  normal
growth  of  the  plants.  The  treatment  received  Na
alone  (T8)  also  registered  a  lower value.  Increased

plant  height by combined  application  of K and  Na
at  equal  proportions  was  reported  by  Devi  and
Padmaja (1966a) in cassava and Lekshmi (2000) in
banana cv.  Nendran.

Table  1.  Plar\t height (cm) at clifflerent grou)th
stages

Treat-       2MAP       4MAP       6MAP       8MAP          At
ment                                                                            harve st

T,              103.17       150.67       181.00       194.00       195.33

T2               98.33        143.33       174.33       186.33       186.83

T3              101.00       146.67

T4              102.17       149.33

T5               102.33       151.67

T6              104.67       152.83

T7              102.50       150.33

T8              loo.67       148.00

CD               I.38             1.44

(P=0.0l)

176.33       188.33       189.50

17700       190.33       191,50

178.33       191.00       192.33

183.67       196.00       197.83

180.00       194.00       194.83

175.33       187.67       188.33

1.59                i.15               1.54

The  girth  of  plants  (Table  2)  also  showed  a
similar  trend  as  plant  height.  It has been  reported
that  the  girth  of pseudostem  and yield  of plants in
banana  \vere  positively  correlated  (Mathew,   1980).
Therefore,  a  high  value  of girth  at  early  stages  of

growth  is  very  important  as  far  as  crop  yield  is
concerned.  In  the  treatment  where  K  and  Na were
added at 50:50 proportions,  the girth and height of

plants   \vere   significantly   higher   than   in   the
treatment with  loo percent K at 4,  6 and 8 months
after planting and  at harvest.

Height  of  the  banana  plants   has  a  direct
relationship  with  the  number  of  leaves  produced
by it  (Summerville,1944).  T6 i.e„  500/o  substitution

Table 2.  Girth Of plants (cm) as infouenced. by Na
substitution

Treat-       2MAP       4MAP       6MAP       8MAP          At
ment harvest

T,              38.67         50.17         58.83

T2               31.83         4133         47.67

T3             3600         47.00         55.50

T4               37.33          48.00          57.17

T5             38.17        4983        5850

T6              39.83         5167         61.83

T7              37.67         45.67         54.00

T8            3533        4283        5033
CD               2.15               I.22              1.71

(P=0.0l)

63.83        66.67

51.17          52.83

60.00        62.50
61.17          64.00

63.17         65.83

67.00          71.17

59.67        62.00

54.50         56.50
2.00             I.70

by Na recoded maximum values for number of leaves
(Table 3)  and  LAI  (Table  4)  at  all  stages  of growth.
But. with increase in substitution above 50% there
was  a  reduction  in  leaf number  and  LAI.  Girth  of
the  pseudostem  also  has  a  direct  bearing  on  the
number of leaves  produced  as  the  pseudostem  in
banana is made up  of tightly packed leaf sheaths.
One hundred  percent substitution of K by Na was
found to have adverse effects on growth by reducing
the leaf number and LAI. Leaf production in banana
is  related  to  increased  rate  of  plant  growth.  The
increased  photosynthetic  efficiency  by  means  of
producing  more  number  of  leaves,  greater  height
and  pseudostem  girth  increase  the  potential  for
producing  heavier  bunches  (Barker  and  Steward.
1962). Common salt application along with muriate
of potash  at  equal  K     Na  proportion  was  round  to
stimulate the growth parameters.  Prema et al.  ( 1992)
recorded maximum number of leaves in expcrimi`nt
with coconut when K and Na were supplied at 50:50

proportion.  Devi and Padmaja ( 1996a) reported that
at  all  stages  of growth,  the  treatment  receiving  K
and Na in 50:50 proportions recorded maximum LAI

Table  3.  Number Of leaves  under cLifferent
treatrneri{s

Treat-       2MAP       4MAP       6MAP
Dent

T[               967            900
T2               8  00           800
T3                8.67            8.0o

T4                9.33             8.67

T5                9.67            8.67

T6               10.00           goo

T7                8.67            8.33

T8                8.33            8.00

cD            0.93           0.60

(P=0.01)

9.00            8.67

8.00            7.33

9.00            8.00

9.67            8.67

9.67            8.67

9.67            9.00

8.67            8.67

8.00            7.67

0.95            0.80

4.00

3.00

4.00

4.00

4.00

4.00

3.67

3.33

0.49



K  substitution  by  sodium  in  banana

Table  4.  LAI uncler diif fierent treatments

Ti.eat-      2MAP      4lIAP      6lIAP      8lIAP         At
ment                                                                          harvest

I.48           2.04           2.26

I.02             1.39             I.53

I.22             I.49             I.63

I.33              I.61              I.82

I.52             1.89            2.04

I.58            2.12             2.38

I.49            I.84            2.03

1.09             I.47             I.59

0.09           0.07           0.09

in cassava.  Lckshmi (2000)  also observed similarly
in banana cv.  Nendran.

The chlorophyll contents in T,  ( 1000/o K)  and T6
(50  percent substitution  of K by Na)  were at par at
all but harvest stage (Table 5).  Even at  loo percent
substitution  by  Na,   there  was  high  chlorophyll
production. Treatments T2, T3 and T4 recorded lesser
chlorophyll  content  with  T2  recording  the  lowest
value.  When  the  balance  quantity  of  K  in  these
treatments  was  substituted  by  Na  (treatments  T7,
T8 and T5,  respectively) the chlorophyll content was
found to  increase.  This  shows  that Na is  playing a
role  in  chlorophyll  production.  Sodium  is  found  to
increase the chlorophyll content of plants (Ando and
Oguchi,    1990).   It   participates   in   chlorophyll
biosynthesis after 5-amino laevulinic acid synthesis.
Devi and Padmaja ( 1996b) also observed an increase
in total chlorophyll content with Na substitution in
cassava.  The  total  amount of chlorophyll  was  also
the   highest  in   plots  where   50  percent  K  was
substituted  by Na  of common salt.

The RLWC also showed  significant variation due
to the treatments. In general` there was an increase in

Table  5.  C1+[oroplvyu content (mg  g-I)  under
different treatnents

Tre at-       2MAP       4MAP       6MAP       8MAP
ment

0.991T,             0.969        3.024
T2              0.844        2,063

T`,               0907         2.163

T+              0.936         2.373

T5              0.964         2.604

T6               0.977          3174

T7               0.985         3.180

Ts              0.993         3,015

CD              0.01               0.2

(P=O.01)

2.171            1.629

1.789         0.983

2.122          I.027

2.138          I.335

2.161           I.656

2.192          I.699

2.239         I.705

2.229          1.707

0.05           0.09
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leaf water content by the addition of sodium ITable 6).
Banana,  being a mesophyte  requires  large amount
of water because of the large foliage  area and  high
moisture content of the pesudostem.  Krishnan and
Shanmughavelu ( 1980) conducted studies on water
requirements  of banana  seedling cv.  Robusta.  The
height and grith  of the pseudostem.  total  leaf area
and  number  of leaves  per  plant  at  shooting  stage
increased  significantly  with  increase  ln  moisture
absorption.  The  high  relative  water  content  in  Na
treated plants at all growth stages showed that the
water use efficiency of the plants increased with Na
supply.  Leaf moisture content in banana especially
cv.   Robusta  is  crucial  in  determining  the  plant

growth,  development  and  yield.  Thus  the  addition
of sodium helped the plants to maintain a relatively
high  leaf water  content  which  led  to  a  high  water
use  efficiency  and  ultimately  higher  dry  matter
production.  This  is  achieved  by  a  reduction  of
transpiration  rate.   Na  and  Cl  ions  accumulate
mainly in the vacuole rather than in the cytoplasm
(Greenay  and  Munns,   1980),  their  accumulation
therefore  being  conducive  to  osmotic  adjustment
and  turgor  maintenance.   Gorham  et  ci[.   (1985)
reported  that  reduction  of  transpiration  rate  is  a
characteristic response to salinity Devi and Padmaja
(1996b)  observed  that  when  50  percent  of  K  was
substituted  by  Na.  there  was  higher  RLWC  up  to
harvest stage in cassava.

Table 6.  RL:WC(%)  under different treatments
Treat-       2MAP       4MAP       6MAP       8MAP          At
ment                                                                         harvest

(P=0.0l)

85.48         83.77

82.59         84.54

87.05         91.25

84.95         90.00

90.52          92.11

91.81          90.48

90.10         91.23

91.11            91.36

2.34            2,82

89.65        88.83        69,63

83.13         82.42         72  69

87.45         84.31          69.66

85.98          89.11          72.66

87.77         91.79         84.38

85.35         92.71          77.23

85.90         90.82         72.91

85.26         90.09         70.01

NS             2.55           4,95

NS  =  Not  significant

0.764                  The  comparatively  high  rate  of  growth  as  a
0.831          result   of   application   of   K   and   Na   at   equal
0.878         concentrations  resulted  in   comparatively  high
I.031         bit)mass  accumulation  rates  leading  to  high  rates
I.105          of  dry   matter   production.   Highest   dry   matter
0934          production   (Fig.1)   was   recorded   in  T6   (500/o
0932          substitution   of  K  by  Na)   (19839  kg  hal)    Wlth
0.05           increase in Na substitution beyond 50 peri`enl level.

the  dry matter production  was  found  to  decrease.
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F.\g. ` .  Dryma[ter produc(Ion  as  influenced  by  K-Na substitution

TI           T2           T3           T4           TS           T6           T7           Tt)

F.ig. 2.  Effect  of K-Na subsll{utlon  on  the bunch  yleld of banana

The yield (Fig.  2) was also higher ( 16.33 kg plant-I)
in  T6  due  to  50%  substitution  of  K  by  Na.  With
increase in  substitution  above  this  level  there was
a  reduction  in yield.

Thus the results obtained from the experiment
revealed that substitution up to  50% is possible in
banana  cv.  Robusta.  Substitution  at  this  level  did
not  affect  any  of  the  growth  characteristics.  This
level of substitution stimulated growth resulting in
higher bunch .Yield.
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A  lleld  experiment  was  carried  out  during  2001-02  and  2002.03  under  medium  land  silualion  in
coastal  saline  son  al  Kakdwlp,  West  Bengal.  The  experiment  was  laid   in   randomlzed  block
design  (RED)  replicated  tour  times  with  5  treatments.  The  treatments  were  soaking  ot  seed
tuber  in  0.25°/.,  0.50%,  0.75°/a  Znso. solution  tor  3  hoiirs,  soil  side  dressing  ol  Zns04  ®  20  kg
ha-1,  and  spraying  a(  the  potato  crop  with  0.2°/a  Znso.  solution  twice  (40  and  60  days  atler

planting). The parame`ers judging the growth, yield and quality ot potato were recorded.  Highest
yield  and  superior  quallty  ot  tubers  were  obtained  with  the  Soaking  ot  seed  tubers  in  0.50%
Zns04  solution  for  3  hours.

(Keg u)orbs  ..  Potato.  Grou)th  YLeid ancL quaueg Of tuber.  Z`nc sulphate.  Mode Of appltcatton)

Alnong all the essential micronutrients. deficiency
of Zn  is  the  most wide  spread  not  only  throughout
India  but  also  the  world  over.  Soil  characteristics
exercise  a  dominant  influence  on  Zn  availability  to
crops. The deficiency of Zn is mainly associated with
soils  having  coarse  texture,  high  pH.  low  organic
carbon  and  high  calcium  carbonate  (Takkar  et  al„
1989).  Zinc  sulphate  is  most  common  source  of Zn
although other sources such as zinc oxide. Zn-EDTA,
etc.   have  been  tested   (Rattan   et  al.,   1997).   Soil
application, foliar spray, seed treatment. root dipping
in Zn solution or suspension, and pushing galvanized
nails or pieces of metallic Zn into tree trunks are the
methods  of Zn  application  (Katyal  and  Randhawa,
1983).  Of these`  soil  and  foliar  application  on  crops
are  the  most  widely  used  methods.  But  most  of the
zinc  applied  to  the  soil  is  fixed,   resulting  in  low
efficiency. Thus,  there  is need to test  other methods
of zinc  application  to  meet the zinc  needs  of potato.
The  present  study  was  undertaken  to  evaluate
effectiveness  of  the  modes  of  zinc  application  on

productivity and quality of potato under coastal saline
zone  of West Bengal.

MATERIALS AND  METHODS

A field experimenl was carried out during 2001 -
02  and  2002-03  under  medium  land  situation  on
coastal  saline   soil  having  BD   I.24  g  on  I,   sand
22.5%.   silt   39.6%.   clay  37.90/o.   pH   7.2,   Ecdsm '
2.15,  available Zn  I.01  m8 k8-`,  total  N  0.04%,  P205

281.8 kg ha 1, K20 486.7 kg ha-I , and organic matter
0.520/a  at  the  Regional  Research  Station  (Coastal
Saline      Zone),       Bidhan      Chandra      Krishi
Biswavidyalaya,   Kakdwip,   West  13engal.   The
experiment  was  laid  out  in  a  randomized  block
design   (RED)   replicated   four   times   with   5
treatments.  The  treatments  consisted  of  three
methods  of  zinc  application  viz„  soaking  of  seed
tubers in 0.25% (T[),  0.boo/o(T2).  Zns04  (T3)  Solution
for 3 hours.  soil side dressing of zinc at the rate of
20  k8  ha I  (T4)  and  foliar  spray  of the  potato  crop
with  0.20/o  Zns04  solution  twice  (40  and  60  days
after  planting.  (T5).  To  correct  the  acidic  nature  of
Zns04,  lime was  mixed with  it as  a precautionary
measure  during  direct  spraying on  leaves  to  avoid
schorching  of  leaves.  Taking  into  account  the

problem  of adverse  effect  of wetness  of tubers  on
plant emergence` utmost care was taken in planting
the  soaked  tubers after proper drying in  shade  for
few hours. Seed tubers were planted in the last week
of November  at  60  cm  x  20  cm  spacing  following
recommended  irrigation  schedule.  A uniform  dose
of  N,   P205  and   K20   (150:100:100)  was  applied  to

potato  (cv.   Kufri  Jyoti)   through  urea,   SSP  and
muriate  of potash.  respectively.  Three-fourth  dose
or N  and  full  dose  of P205  and  K20  were  applied  aLs
basal  and  rest  one-l`ourth  of N  was  applied  at  the
time    of    lst    earthing-up    for    top    dressing.
Representative leaf samples`  fourth from the top of
main  shoot  of  potato  crop,  as  reported  to  be  the
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best  plant  part  for  tissue  analysis  (Grewal  €t  al..
1990),  was  taken  from  each  plot  at  60  days  after
planting for chemical analysis.  Likewise. composite
samples  of freshly harvested  tubers were  collected
and analysed for different biochemical constituents.
The  characters  judging  the  quality  of  potato  like
starch, crude protein, true protein, total sugar and
reducing  sugar  were  properly  measured  by  the
Anthrone  method,  Microkjeldahl  method,   Rapid
photometric method, Anthrone method and Somogyi
Nelson  method,  respectively.

PESULTS AND  DISCUSSION

The  growth  and  yield  of tubers  are  given  in
Table  I.

The highest dry matter accumulation at all the
growth stages like 60, 80 and  loo DAP was obtained
when  the  seed  tubers  were  soaked  in  0.5%  zinc
sulphate  solution  for  3  hours.  These  were  also

statistically  at  par  with  the  treatment  of  soaking
seed  tubers  in  O.75°/o  zinc  sulphate  solution  for  3
hours. Foliar application twice (40 and 60 days after

planting)   and   side   dressing  of  zinc  also  had
significant effects  on  dry matter accumulation but
it was always  less than that obtained  under tuber
soaking methods.

The  highest  tuber  dry weight  was  obtained  in
the treatments.T2 and it was statistically at par with
T3  at  60,  80  and  loo  DAP.  Foliar  application  and
side dressing gave lower amount of tuber dry weight
but  those  were  statistically  at  par with  the  tuber
soaking treatments.

The highest tuber bulking rate was observed in
the treatment T2 which was statistically at par with
Tl  at  60  to  80  DAP.  In  case  of 80  to  loo  DAP  the
maximum  tuber bulking rate  was  recorded  in  the
treatment T2 which was statistically at par with the
treatments T3 and T4.

Table  1. E:ffects Of clurerent methods Of zir\c application on dry matter accumulation.
tuber dng uieight. tuber bulk:ing rate and tuber yielct Of potato

Treatment Dry matter accumulation Tuber dry weight (g/m2) Tuber bulling Tuber

(g/m2) rate (g/m3/day) yield(qha)

60 DAP 80 DAP loo DAD 60 DAP 80 DAP loo DJap 60-80DAP 80-100DAP

Tl 351.2 601.9 775,8 202.3 439. I 603.5 11.82 8.25 282.3

T2 369.6 624.2 Sol . 5 218.6 455.8 632.5 11.86 8.82 300.8

I? 375.7 625. I 795,2 225.2 452.3 620.4 11.39 8.45 298.5

T4 312.4 568.5 742,8 222.3 442.5 615.I 11.07 8.60 275.8

T5 306.5 564. I 727.2 210.4 435.1 603.1 11.29 8.37 285.3

SBm(±) 6.54 8.21 12.53 4.53 7.49 11.31 0.132 0.155 5.11

CD  (P=0.05) 19.88 24.95 38.09 13.77 22.89 33.75 0.402 0.472 15.67

The  zinc  application  had  positive  significant
effect  on  tuber  yield.  The  highest  tuber  yield  and
maximum  zinc  response  were  obtained  with  the
soaking  of  seed  tubers  in  0.50%  zinc  sulphate
solution for 3 hours.  The soaking of seed  tubers in
0.75°/o Zns04 solution was at par with the treatment
T2.  The  foliar application  twice  (40  &  60  DAP)  and
side  dressing  gave  significantly  lower  yield  as
compared to tuber soaking treatments. The similar
results  was  also  reported  by  Dwivedi  and  Dwivedi
(1992).  They  opined  that  0.500/o  tuber  soaking
treatment gave  301.2  q ha"  tuber yield which was
9.2% more than the lowest potato tuber yield. This
statement  was  also  supported  by  the  findings  of
Javed   et  a[.   (1995).   As   per   their   opinion   Zn
application  increased  tuber  yields  of  potato  by
8.4  -11.7%.

The chemical analysis  showed  that starch and
crude  protein  percentage  in  tubers  were  lower  in
the tuber soaking treatments as compared to foliar
and  side  dressing treatment  (Table  2).  But  in  case
of true protein percentage, total sugar and reducing
sugar such types  of variation were not found.

Table  2.  Effect Of clffferent methods Of zinc
applicatton on tuber quality Of potato

Treatments Percentage composition

Starch Crude  protein True  protein

Tl 13.I I.59 0.48

T2 13.3 2.02 0.51

T3 13.5 2.06 0.54

T4 13.7 2.17 0.52

Ts 13.9 2.17 0.54
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Effect of Bio-fertilizer on the Yield, Protein, N Uptake and
Soil Properties in Soybean (Gdycc.#c A4l¢x)

in Coastal Medium Black Soil
S.   L   POWAF`

Pegional  Agricultural   Plesearch   Slation,
Dr.   B.S    Konkan   Krishi   Vidyapeeth,   Kariat  -410  201   (M,S  )

A  field  experiment was  conducted  during  the  rob/./summer season  of 2000  and  2001  ln  medium
and  black  soil  to  study  the  integrated  oftect  of  bio  and  chemical  fertilizers  on   rob/./summer
soybean  {G/yc/.ne  maJr (L.)  Merr.}.  Significantly  highest  graln  and  straw  yield  of  soybean  was
recorded  under  the  recommended  dose  (N:P20s:K20  =  60:40:30  kg  ha-')  of  fertilizers.  However,
it was  found to  be  at  par wlth  application  of  rhizobium  + vesicular arbuscular  micorrhlzae  (VAM)
+  50°/a  N  +  lull  dose  of  P20s  and  K20  i.e.,  30:40:30  kg  ha 1  resulting  in  50°/o  saving  of  lertilizers.
Signillcantly  higher  protein  (a/a)  and  uptake  of  N  (kg  ha.I)  in  soybean  crop  and  organic  carbon
(%)  in  soil  was  recorded  due  to  the  application  of  chemical  fertilizers  (PDF)  only.  F]Iiizobium  +
phosphobacterlum  +  50%  N  +  full  dose  ol  P205  and  K20  (30:40:30  kg  ha  I)  recorded  the  higher
available N in soil.  Growth  parameters  in  soybean crop were found to be  non-significant except
tor  dry  shoot  weight  per  plant.   Biotertilizers  recorded  higher  harvest  Index  and  agrorlomic
etficiency over the conlrol.  Dual  application  of fertilizers alongwith  chemical  terlilizers improved
the  quality  of  seeds,  uptal{e  of  N  by  soybean  and  soil  fertility.

(cK^%,=.o:±.S\: Sogbean,1ntegratecl nuirier\t management. Bto Ferttlueers , Yieid. GroLuth. Seed quaLitg.
SO,lfertillty)

Soybean  (G[gcine  rnor  (L.)  Merr.)is  one  of  the

grain legumes which not only helps in maintaining
the soil fertility but js also a well known rich source
of protein and rats.  It is recognized that attempt to
find  a juditious  combination  of bio  and  chemical
fertilizers become worthwhile to improve soil health,
crop productivity and cost effectiveness in soybean.
It  was  felt  necessary  to  study  use  of blofertil[zrs
with  mineral  fertilizers  for  maintainance  of  soil
productivity  (Biswas  et  ci{.,   2001).   In  view  of this,
this  work  was  undertaken  to  study  the  effect  of
biofertilizers  without  and  with  chemical  fertilizers
on  soybean  since  such  Information was  meagre.

MATEf}lALS  AND  METHODS

A field experiment was conducted during rab[/
summer  seasons  of  2000  and  2001   at  Regional
Agricultural  Research  Station,  Karjat.  The  soil  of
the  experiment  site  was  medium  black  clay  loam
with  pH  6.2,  electrical  conductivity  (EC)  0.20 dsm-
[,  organic  carbon   I.12%,  available  nitrogen   180  kg

ha  I,   available   phosphorus   (P205)   29   k8   ha-I.
available   potassium   (K20)   416   kg   ha-I.   The
experiment was laid out in randomized block design
with  three  replications  and  ten  treatments.  The
treatments  were:  T,  =  Control  (No  manures  and
fertilizers).  T2  =  Recommended  dose  of  chemical
fertilizers  (RDF`)  N:  P205:K20  =  60:40:30  kg  ha-1,  T3

=  Rhizobium  (R)  500/o  N  +  Full  dose  of P205:K20  =

30:40:30  kg  ha 1,  T4 =  Phosphobacterium  (PSB)  +
500/o  N  +  Full  dose  of P205:K20  =  30:40:30  k8  ha-I),
T5 = Vesicular arbuscular micorrhizae (VAM) +  500/o
N  +  Full  dose  of P205:K20  =  30:40:30  k8  ha I,  T6 =
Azospirillum   +   500/o  N   +   F`ull   dose  of  P205:K20   =
30:40:30  kg ha-I.  T7 =  R +  PSB  +  50% N  +  Full  dose
of P205:K20  =  30:40:30 k8 ha I,  T8 =  R + VAM  + 50%
N  +  F`ull  dose  of P205:K20  =  30:40:30  kg  ha I,  T9  =
PSB  +  VAM  +   50%  N  +   Full  dose  of  P205:K20   =
30:40:30  kg ha-I.  T[o  =  R only  (No  N,  P205,  K20),  The
species  of microorganisms  used  in  the  experiment
were  ..  F(hizob±um  =   Braclurhizobium japonicum.
soybean  group,  VAM  =  GlomL{s Jdsc{cu[ate,  PSB  =
Psedomorias  sfr[cite.   The  biofertilizer  cultures  @
16.60  g kg-I  soybean  seed  were  used.  The  required

quantity  of healthy  and  bold  soybean  seeds  (var.
MACS-57) were smeared following proper procedure.
Crop was  sown in  the first fortnight of January at
30 x 20  cm spacing.  The  70%  N and  full dose  of P
and K of RDF were applied as basal at the time of
sowing and remaining N was applied at one month
of sowing.  N.  P and  K  were  applied  through  urea,
single  superphosphate  and  muriate  of  potash.
respectively.   Irrigation   and   need   based  plant
protections  were  made  as  per  recommendations.
Growth  observations  were  recorded  at  maximum
growth stage of crop.  It was  harvested at matuntv.

-+
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Yield data were recorded. Harvest index and agronomic
efficiency  (AE)  were  worked  out.   Soil  and  plant
analyses were done fouowing standard procedures.

RESULTS AND  DISCUSSION

Yield  attributes

The yield attributes viz. ` height` branches. pods.
dry shoot weight. root length and  1000 grain weight,
except dry shoot weight, were found non-significant
(Table   I).  Highest  harvest  index  was  recorded  by
only  rhizobium  culture  followed  by  control  due  to
very  low  straw yicld  whereas,  RDF`  has  shown  the
lowest harvest index which may be due to its higher
grain to straw yield. Highest AE was noticed in RDF
followed by T3 but T,a recorded the lowest AE (Saxena
et  cl'.,  2001).

Soil  fertility

Soil  pH,  organic  carbon  content  and  available
nitrogen content were significantly higher than control
(Table  2).  Application  of NPK fertilizers  only showed
significantly highest content of organic carbon which
may be due to rapid decomposition of organic matter
in  the soil.  But it was at par Wlth T4, T5, T6 and T]o.  It
was noticed that biofertilizers with or without addition
of chemical fertilizers increased organic carbon in the
soil  than  the  control.  Application  of rhizobium  +

phosphobacterium  +  N,  P205  and  K20  @  30:40:30  k8
ha-I fertilizers (T8) showed significantly highest content
of available  N in the  soil.  However.  it was at par with
rhizobium  +  VAM  +  N`  P205  and  K20  @  30:40:30  k8
ha"  fertilizers. Thus,  conjunctive use of blofertilizers
along  with  chemical  fertilizers  was  found  to  be
benefitial for improving the soil properties.

Table  1.  E!ffiect Of btoifertilizers on yield attributes (average Of two gears)

Treatments Height Branches/ Pods/ Dry shoot Root length/ 1000 grain Harvest A8ronomic
(cm) plant plant ut/plant® plant (cm) ut. te) index(%) efficiency(AE)(%)

T, 47 27 26 6.53 11.93 96.66 65.0

60.3T2 58 28 46 19.22 15.03 103.33 46.8
T) 56 26 41 17.80 14.10 98.33 48.9 43.3I 62 29 51 17.30 14.30 101 . 33 52.4 41.4

T5 55 27 47 I 5 . 60 15.30 104.00 50.4 35.9
T6 56 26 45 12.86 14.66 loo.33 50.5 38.4
T7 57 26 50 13.88 15.40 98.00 49.6 36.4
T8 55 24 44 20.94 I 5 . 60 10133 50.3 38.0
T9 63 28 49 21.94 I 5 . 40 102.00 49.7 35.3
Tlo 51 29 39 10. 73 14.60 97.00 69.I 17.7

CD  (P=0.05) NS NS NS 5.50 NS NS

NS  =  Non-significant

Table  2.  YielcL.  protein.  N  uptake Of soybean and ef iect orL soil properties inif lueneecl by  btoifertilizers

Treatments Grain Straw Grain Straw Pooled  mean Protein N pH BC OC vallable
(q/ha) (q/ha) (q/ha) (q/ha) (q/ha) (%) uptake 'ds/in) (%) N
2cOO 2000 2001 2cO1 Grch Straw (kg/ha) (k8/ha)

T, 7.55 3.26 6.46 4.47 7.00 3.76 31.6 35.3 6.3 0.18 1.13 125.4
T2 13.29 14.62 14.35 16.94 13.82 15.78 41.7 92.3 6.I 0.24 1.38 212.8
T3 10.74 8.58 I 3 . 74 13.32 12.42 10.95 39.I 76.5 6.2 0.21 1.25 205.9
T1 10.80 7.96 13.57 14.16 12.18 11.06 40.6 79.2 6.2 0.22 I.34 199.4
T5 10.49 7.06 12.50 15.55 11.49 11.30 39.3 7 2. 2. 6.3 0.22 I.31 202.0
T6 11.16 8.37 12.46 14.71 11.81 11.54 38.4 72.6 6.2 0.21 I.27 206.4
T7 11.83 9.90 13.10 15.40 12.46 12.65 40.4 80.6 6.2 0.23 I.27 226.3
T8 12.41 11.42 13.02 13.60 12.71 12.51 40.7 82.7 6.I 0.23 1.28 225.8
T9 11.97 9.89 12.63 14.99 12.30 12.44 41.3 81.2 6.2 0.23 I.23 214.1

Tlo 9.52 5,71 13.37 12.49 11.44 5.10 35.3 64.4 6.I 0.21 I.30 154.9

CD  (P=0.05) 2.08 2.93 0.64 2.01 1.13 I.85 I.9 7.5 0.17 t\'S 0.091 5.0

NS  =  Non-signincant



48 S.  L.  Powar

Grain  and  straw yield

lt  was  revealed  from  the  data  (Table   1)  that
application  of N,  P205  and  K20  ©  60:40:30  k8  ha-I
(RDF,  T2)  to  soybean  crop  produced  significantly
higher  grain  and  straw  yield  over  rest  of  the
treatments  except  in T8  with  R  +  VAM  +  50%  N  +
full  dose of P205  :  K20  @  30:40:30  k8 ha-I  resulting
in  500/o  saving in  N  fertilizers  in  case  of the  latter.
The  results  are  in  agreement  with  the  findings  of
Bagyaraj  €t al.  (1979)  and  Dubey  (1998).  This  may
be  due  to  the  fact  that  rhizobium  might  increase
the available N and VAM increase the availability of

phosphorus with synergized the activity of N in soil
for soybean  being a  legume  capable  of meeting  its
own  requirements  of N.  However.  dual  inoculation
of soybean with VAM  and  rhizobium  may  increase
Its   modulation   and   N2   fixation   substantially
compared  with  inoculation  alone.  The  results  are
in conformity with the findings of Badr-EL-Din and
Moawad   (1988)   and   Pacovasky   ct  al.   (1986).
Similarly,  T7,  T3,  T9.  T4  and  T6  were  found  to  be  at

par  with  T8.  But  single  application  of rhizobium
resulted   in  the  lowest  grain  yield  which  was
significantly higher than control (Vara et al„  1994).
The treatment T2 also produced significantly higher
straw yield  than all the treatments.  The remaining
treatments were  found  to  be  at  par  except T[o  and
T,. The  significantly highest protein  (°/o) was  found
in  case  of TQ.  However`  it was  at  Par  With  T9,  T8,  T4
and T7.

N  uptake

Significantly  highest  uptake  of N  over  all  the
treatments  was  recorded  by  application  of  onl.v
chemical   fertilizers   (RDF).   It   may  be   due   to
immediate  availability  of  nutrients  in  this  case.
Treatments T8.  T9,  T7,  T,  and T3 were  at  Par

Thus, instead of only single or dual,  integrated
use  of biofertilizers  viz.,  rhizobium  and  VAM  plus

50%  N  +  full  dose  of P205  and  K20  k8  ha I  of RDF`
(30:40:30)  was  found  to  be  superior  to  others  in
soybean in coastal medium black soil for higher yield
and quality.
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Advances in Genetic Management in Lowlying rice :
An Andaman - Nicobar Perspective

ASIT  8.   MANDAL  and   B.   ELANCHEZHIAN

Central  Agricultural   Pesearch   Institute,   Port  Blair  -744101
Andaman  &  Nicobar  Islands

Andaman  and  Nicobar  Islands  posses  the  longest coastline  in  India  measuring  about  1962  kin.
Tlie   impact   of   coastal   agrlculture   in   shaplng   public   lite   in   the   coasts   can   hardly   be
oveiemphasized. Most ot the coastal area is unundaled with tidal lntlux and increases the salinity
ol the  nearby  lowlying  lands.  These  Islands  posses  about 4000  ha  of salt atfected  lands, whicli
are  lound  to  be  unsuitable  tor  agriculture.   In  addltlon  to  salinity,  toxicities  of  Al  and  Fe  too
complicate the  prol)Iems  of  lowlying  areas.  In  this  context  genetic  management  ot  agriculture
otters  a  great  scope  in  mitigating  the  stresses  associated  with  these  lowlying  marshy  lands.
Since   nineties   etlorls   have   been   inltiated  towards   management   of   problem   soils   wittl
convenlional  and  blotechnological  approaches  which  have  been  reviewed  in  this  article.

(Key words  :  Lou)lying  rite. Conuer\ltonal breeding.  BiolechnoLogu, Abtotic stress  tolerance)

Coastal  agriculture  occupies  an  important
position  in  the  agricultural   production  of  the
country.  Andaman  and   Nicobar  Islands  have  a
coastal  length  of about   1962  kin.  Salinity  due  to
tidal  influx  and  associated  mineral  toxicities  and
deficiencies  are  rampant  in  these  soils,  which  are
lowlying marshy and rich in organic matter (Mandal
ef at.,1990).  However,  the  submerged  soil  coupled
with  anoxic/hypoxic  condition   is   found  to  be
compatible  for rice  cultivation  in wet condition.  In
contrast  to  costly  recurrent  soil  reclamation  and
major engineering works to avert tidal influx genetic
management  through   deployment   of  salinity
tolerance  is  a  more  useful  approach  and  reported
to be a relative permanent measure (Mandal,  1998).
To   specially  deal  with   the   coastal  salinity  in
Andaman  and  Nicobar  Islands  a  major  research
programme  was  launched  at  Central  Agricultural
Research  Institute.  Port  Blair.  The  present  article
encompasses the achievements of both conventional
breeding  research   as  well  as  the  highlight  of
research  findings  from  the  research  attempts
employing  modern   plant  biotechnology.   It   is
mentionable  that the  promising lines  developed  so
far are  doing  extremely well towards  attaining  self
sufficiency  in  rice  production  in  these  remote
locality  of the  country.

MATERIALS  AND  METHODS

The     programme     targeted     for     genetic
improvement of rice with special reference to abiotic
stress  management  was  started  in   1991.   Major
emphasis was given for biotechnological approaches

for   increased   abiotic   stress   tolerance.   The
experiment  was  conducted  at  the  Biotechnology
Section  for  iri  tjitro  screening  and  exploitation  of
somaclonal variation by undertaking tissue culture
experiments.  Ex-L){tro experiments were carried out
at  Field   Crop   Experimental  Research   Farm,
Bloomsdale,  CARI.  Port Blair as well as in farmer's

plots at Guptapara`  Bimbiltan,  Chouldari in South
Andaman,   Sitapur  in   Middle  Andaman,   and
Deshbandhugram  in  North  Andaman.  The  soil
salinity of all these areas  ranged  from  6 to  10 dsm-I
during cropping season.

RESULTS  AND  DISCUSSION

Development  and  characterization  of  salt tolerant
Pokkali  somaclones

one thousand one hundred and ninety primary
regenerants of a tall traditional salt tolerant cultivar
Pokkali were produced through  in uitro culture from
mature seed derived calli of fourth subculture. Out
of 35000 SC2  regenerants.  26 promising lines with
superior agronomic characters were chosen initially
for  evaluation.   SC3  and  SC4  generations  were
stringently evaluated under hydroponics with excess
salt stress  as well  as  under field conditions  across
two  growing  seasons  in  Bay  islands.   Promising
somaclones were  further evaluated  in  SC5 and  SC6
of which  BTS2,  BTS  13,  BTS  18  and  BTS  24 were
found  to  be  promising.  In  SC7  and  SC8  yleld  trials
in research rarm`  BTS  24 was found to produce an
average yield  of 36.3  and  45.9  q  ha"  under  saline
and  normal  soil  conditions,  respectively  (Mandal
et  at.,1999).  The  somaclones  differed  significantly
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from  the  parent  with  respect  to  yield  and  yield
attributes. However they did not deviate much from
their  parent  in  respect  of disease  and  insect  pest
resistance  pattern.  Grain  quality  and  biochemical
parameters  of all  the  elite  somaclones  were  found
to  be  different  from  the  parent.  Similarity  indices
based  on  SDS-PAGE  profile  of  salt  soluble  grain
polypeptides  of the selectants  revealed  remarkable
genetic  divergence  from  parental  base  population
(Mandal  et  aL  2000).   Besides,   differences  were
observed   at  genomic  level  by  using  randomly
amplified    polymorphic    DNA    (RAPD)    among
somaclones (Elanchezhian and Mandal, 2003). This
work  advocates  ample  scope  for  exploitation  of
somaclonal  variation  in  rice  genetic  improvement.
BTS 24 has emerged as one of the favourite varieties
of  the  farmers  for  cultivation  on  saline  soil  in
Andaman.   Besides  salt   tolerance  it  possesses
moderate level  of tolerance  to yellow stem borer,  a
major insect threat in  South  and  Southeast Asia.

Manipulating  abiotie  stress  tolerance  through  /.n
v/.I/a  selection

Nacl  tolerance

With a view to develop  salt  tolerant variety,  i.n
I){fro  screening  with  varying  levels  of  Nacl  was
attempted   (Mandal   et  a{..1993.   Mandal   and
Pramanik,1996). Different protocols e.g. , subjecting
cailli  to low levels  of salt stress,  creating high levels
of  salt   stress   in   the   regeneration   medium,
transferring  salt  stressed  calli  to  non-stressed
regeneration  medium were  tried.  A  total  of 25  salt
tolerant  lines  have  been  established  and  grown  to
maturity. They were also assessed under saline soil
Condition  in  the  field.  The  parental  line  was  8116.
Among  those  lines  BT-SB-9,  BT  15l-SB-2  and  BT
14-SB-B  were  found  to  be  promising.

Al  toxicity tolerance

Jri Ltitro screening of C 14-8 and IR  18351 -229-3
at cellular level was performed to develop Al tolerant
lines  (Chowdhury  et  ciL   1998).   MS  fortified  with
varying concentrations of Al (30,  60,  90 ppm) in the

:::aTo°ff3Ao]:i3a:tHs2[%:::_:Saefdt:;Tapnat:t[#,£t::S3S5]?
229-3  were  generated.  The  putative  Al  tolerant
somaclones  evolved  through  in  uttro  screening  of
C14-8  were  further  screened  under  hydroponics
supplemented with 30.  60 and 90 ppm Al stress that
led to  identification  of tine tolerant lines.  They were
profiled for a few important isozymes viz.,  Glucose 6
Phosphate  isomerase,  Esterase,  Peroxldase,  Malate
dehydrogenase, Glucose 6 phosphate dehydrogenase,

Isocltrate  dehydrogenase,  Lactate  dehydrogenase
and  Alcohol  dehydrogenase  to  underpin  their
involvement  in  governing  Al  toxicity  tolerance.
Prominent  differences  in  acitivity/band  intensity.
mobility shift and nulnber of polymorphic loci with
respect to Al  toxicity were evident.

Fe  tolerant rice  somaclones

Efforts  were  made  to  develop  Fe  tolerant  rice
genotypes from C 14-8 and  HYV viz.,  IR  18351-229-
3  through  in  vitro  screening  with  FeNa  EDTA  at
cellular  level.  F`e  tolerant  lines  were  further  tested
through  screening  under  hydropnics  in  Hogland
solution supplemented with Fes04.7H20 and  citric
acid.  Tolerant  regenerants  were  isolated  upto  40
ppm Fe in both the varieties. One of the regenerants
matured 35 days earlier when co-assessed with the
parental  stock  under  field  trial.  This  is  of great
advantage  to  the  farmers  cultivating  C14-8  and
vegetables/pulses  in  the  rice  fallow  by  exploiting
residual  moisture  under  the  rain fed  condition.
However,   no  major  changes  was   observed  in
productivity.diseaseandinsectpesttoleranceprofiles.
Howver,  the somaclone  turned  to  be photosensitive,
which is a major advantage over C14-8 cultivation.

/n  v/.I/a screening for drouglit tolerance

Two  elite  HYV,   two   salt   tolerant  lines.   two
Basmati  varieties.   and  indigenous  local  cultjvar
C14-8  were  screened  for  drought  tolerance.   Calli
were induced and grown with PEG stress (MW 6000) .
Drought tolerant lines were  recovered  in all except
in one Hrv. The stability of the induced characters
and  their underlying genetics are being studied.

The  present  study  offers  ample  scope  for
identifying suitable  {n ui.fro culture methods,  isozyme
markers  and  RAPD  markers  for  suitable  breeding
strategies  for abiotic  stress  tolerance  in  rice.  Jn  Lj{lro
culture and somaclonal variation could thus be useful
in abiotic stress tolerance improvement programme.
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Genetic Studies on Yield and Yield Contributing Characters in
Cowpea (Vigna unguiculata (L) Warp)

M.  S.  MOTE,  V.  W.   BENDALE,  S.  G.  BHAVE  and  S.  S.  SAWANT

Department  of  Agricultiiral  Botany,  College  of  Agriculture,   Dapoli
Dr.   Balasaheb  Sawan`  Konkan  Krishi  Vidyapeeth,   Dapoli  -415  712   (M.S.)

Diallol  analysis  conducted  with  ten  genotyi]es  ot  cowpea  revealed  predomlnance  ot  additive
gene action for  length  of pod  and  breadth  of pod and  nan-additive gene action for plant  helghl,
primary  branches,  flowers  per  plant,  peduncles  per plant,  pods  per  peduncles,  pods  per  plant,
seeds  per  pod,  seed  weiglit  per pod,  protein  content,  seed  ylold  per  plant and  yield  reallzation
index. Among the parents Rev-326 and Pusa Komal were found to be the best general combiners.
The  hybrid  f`CV-326  x  Pusa  Komal  was  lound  to  be  relatively  good  specific  comblner  for  lhe
characters,  pods  per  peduncle  ancl  seed  yield  per  plant.

(Key u)ords: Combining ability, ¥ielcl realizatton index.  Protein. Coujpea)

Cowpea  (Vigna  urigu[culata  (L.)  Walp.)   is  an
important vegetable grown in many regions of India
in  the  summer  and  rainy  seasons.  However.  the

present day cowpea varieties are low productive and
genetic variability is low. There is a need  to develop
varieties  with   high   productivity,   determinate
structure  and  early  maturity.  Therefore,   it  is
imperative  to  generate  newer  gene  combinations
from  diverse  parents  leading  to  high   heterotic
combination  for  higher  seed  yield.  The  situation
nccessita.tes  the  selection  of parents with high  per
se  performance  with  significantly  high  general
combining  ability  and   screening  the  heterotic
combinations  generated  from  target  oriented  and
systematically  planned  breeding  programme.  The

present  research  was,  therefore,  undertaken  to
estimate the general and specific combining ability
effects   in   a   10   x   10   diallel   hybrids   involving

genetically  diverse  cowpea  genotypes.

MATEl]lALS AND  METHODS

The  ten  diverse  cultivars  of cowpea viz..  BCS-I
(Bhubaneswar),  Arka  Garima  (Banglore),  RCV-326
(Durgapur), IVRCP-1  Ivaranasi), RCV-395 (Durgapur),
lIHR Sel.11  (Banglore), IIHR Sel.16 (Banglore), Konkan
Safed  (Dapoli),  Pusa Komal (Delhi)  and Pusa Dofasali
(Delhi)  were  crossed  in  all  possible  combinations
excluding reciprocals  in  robi 2003. The resultant 45
F`,'s  along  with  their  ten  parents  were  grown  in
randomized block design with three replications during
summer, 2004 at research farrm of Agncultural Botany,
College  of Agriculture,  Dapoli  (Maharashtra).  Three
rows of ten plants were grown with 30 x 30 cm spacing

between  rows  and  plants.  The  crop  was  raised  with
recommended  fertilizer  dose  of 25:50:25  kg  NPK per
ha  and  other  management practices  to  ensure  good
crop   growth   and   to   maintain   uniform   plant
populations.  The  observations were  recorded  on  five
randomly  selected  plants  for  plant  height.  primary
branches per plant.  peduncles per plant,  flowers per

plant,  pods  per peduncle,  pods  per plant,  seeds  per
pod,  length  of pod,  breadth  of pod.  seed  weight  per
pod`  protein  content,  seed  yield  per  plant  and  yield
realization index. The analysis of variance of the data
for combining ability and estimation of various effects
was done following the model I and model 11  of diallel
analysis suggested by Giiffing ( 1956).

RESULTS  AND  DISCUSSION

The  analysis  of variance  for  combining  ability
revealed  that  variances  due  to  general  combining
ability (G.C.A)  and  specific combining ability (S.C.A)
were significant for all the characters (Table  I). The
characters,  length  of pod  and  breadth  of pod  were
found to have high gca effects than units governed
by  additive  gene  action  as  indicated  by  their  gene
action  and  these  characters  can  be  improved  by
selection  and  progeny  testing.  Mallikarjun  et  cil.
(1995)  and Durgaprasad and Patel  (1978)  obtained
similar  results  for  pod  length.  For  the  traits  viz..

plant height.  primary branches, number of llowers
peduncles per plant,  pods per plant,  seeds per pod,
seed  weight  per  pod,  seed  yield  per  plant,  protein
content  and  yield   realization  index   (YRI)   the
GCA:SCA ratio was found to be below I indicating the
performance of non-additive gene action (Table  I ).
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Tab.e  1.  Analgsis Of Variance for combining abilitLu in cowpea
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Sl.         Character                                                              GCA                   SCA               Error               629                6Z§                62g/
No.                                                                                                   (d,i.=9)             (d.I.=45)       (d.f.=108)                                                                 62s

I.            Plant  height  (cm)  per  plant

2.           Primary  branches  per  plant

3.           Number of pecluncles  per  plant

4.           Number of llo\\'er  per  plant

5.           Numbers  of pods  per  peduncle

6.           Number  of pods  per  plant

7.           Number of seeds  per  pod

8.           Length  of pod  (cm)

9.           Breadth  of pod  (cm)

10.         Seedweightperpod

11.         Seedyieldperplant

12,          Protein  (0/o)

13.          Yield  reali'zatioTi  index  (O/o)

53,59"               13.85.'

2,50**                     0.76**

10.79St                  26.52**

75.23**                63.02.i

0.04**                    0,06.c

43.87**                 23.33'*

8.34**                       I.03**

67.12*$                       4.93**

0.07**                     0.007**

30.35*+                  13.95*.

72.14*t                  37.53**

I.35*                       0.49*

23.71**                   20.54**

134                     3.17

0.13                      0.13

I.10                     -1.25

9.44                  0.97

0.02                   0.001

I.06                    I.64

0.11                       0.58

0.30                  4.97

0.02                  0.005

16.34                  0.002

0.94                 10.97

0.34                  0.25

9.060               0.63

12.5]                  0.25

0.63               0.20

25,42             -0.04

53.68                0.018

0.04               0.025

22.27               0.07

0.92               0.63

4.63                 1.07

0.004             I.25

0.05               0.04

133.15                 0.08

11.48                 0.02

34.02                0.01

*t  significant  at  l%  level                *  Significant  al  5t}`o  level

The nomadditive gene action exhibited by above
characters  suggests  that  such Characters  could be
improved through heterosis breeding. These results
are  in  agreement  with  those  put)lished  earlier  for

plant   height   (Ponmariammal   and   Das`    1996)`
number of banehes (Thiyagarajan et ci!..1990)I  pods

per  plant  an(I   seed  yield   per  plant.   and   protein
content  (Gupta`   1982).

In  addition  to  the  information  on  gene  effects.
combining  ability  analysis  helps  in  identifying  the
better  combining  parents   and   in   selected  best
specific  hybrid  combinations.  The  gca  effects  for

parents and sea effects of hybrids are presented  in
Tables  2  and  3`  respectively.  Results  revealed  that
rione  of  the  genotype  was  found  good  for  all  the
characters  studied.  The  parent  RCV-326  and  Pusa
Komal had highest significant gc`a effects for number
of flowers  (3.29)  and  yield  realization  inc]ex  (2.24).
The I)arents Konkan Safed,  IIGR Sel.11  and  IVRCP-
1  showed  (lcsired  gca values  for  number  or flowers

per  plant  (3.11),  yield  realization  index  (1.51)  and

plant  height  (4.51).  respectively.

Tlie  hybrid   BSC-I   x  RCV-326   (6.77)   showed
highest  positive  significant   sca  effects   for  plant
heiglil.   RCV-326   x   IIHR   Sel.11    (2.5)   showed

rna,\imum positive significant sc`a erl`ects for primary
branches per plant followed by IIIIR Sel.16 x Konkan
Safed  (1.80).  The  hybrid  IIGR  Sol.11   x  IIIIR  Sel,16

(4.60)  had  maximum  significant  sca  effect  for  the
ch{irzicter,   pedunclcs   per   plant.  The  hybricl  RCV-
395  x  IIIIR  S(`l` 11   (1.90)  sho\\.cd  maximum  positive

significant  sea  effects  for  the  character,  seeds  per

pod.  The  hybrid  RCV-326  x  Konkan  Safed  (3.36)
indicated  maximum  positive  signilicanl  sca  effect
f()r  the  charlcter,  pod  length.  The  hybrid  RCVT326
x   Pusa   Komal   exhibited   maximum   positive
significant  sea  effect  for  the  characters,  pods  per

peduncle  (13.47)  and  seed  yield  per  plant  (16.94).
The  hybrids  Konkan  Safed  x  Pusa  Dofasali  (0.96)
and  Pusa  Komal  x  Pusal  Dofasali  (0.95)  indicated
maximum  sca  effec`ts  for  protein  content.  None  of
the  hybrid  showed  significant  sea  effects  for  the
characters.   nowers  per  plant.   pods  per  plant,
breadth   of  pod.   seed   weight   per  pod   and  yield
realization  index.  The  high  sea  efreets  represent
dominance  and  epistatic  components  of variation
which  are  non-fixable  in  natural.  In  these,  hybrid
vigour could be exploited for specific characters.  In

present  study.  the  hybrid  RCVT326  x  Pusa  Komal
recorded high and positive sea effects for seed yield
and  pods  per  peduncle.

Based  on  these  studies  it  is  revealed  that  the

parents  RCV-326,  Pusa  Komal  and  Konkan  Sated
have   shown  high  gca  effects  for  seed  yield.  Tlie
hybrid  RCV-326  x  Pusa  Komal,   RCV-326  x  llHR
Sel.11.   RCV-395  x  IIGR  Sel.11.   IIHR  Sol.11   x  ]IHR

Sel.16 have been I.ound to be promising due to their
high  mean  perfoI-mance  and  high  sea  effects.  It  is
also  concluded  [hal  the  characters  pod  length  find

pod  breadth  exhibiting  additive  gene  action  c`ould
be  im|)roved  through  the  simple  progen.v  sc]c(`tion
in  the  pedigree  method  of  breeding.   [Io\\'c\'(`r,   the
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characters  viz.  plant  height,   primary  branches,
flowers  per  plant.   peduncles  per  plant,   pods  per

plant,  seed yield per plant,  protein content and yield
realization  index  showing  non-additive  gene  action
could be improved through modified recurrent selection
or repeated crossing in segregating generations.
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Comparative Economics of Rice and Shrimp Farming: The Plight of
Agricultural Labour in Coastal Districts of Tamil Nadu
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Department  of  Agricultural   Economics.   Centre  for  Agricultural   and
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Most  of  tlie  shrimp  farming   in  India  was  developed  in  the  rice  farms  situated  for  the  coastal
areas.  This  paper  analyses  the  comparative  economics  of  rice  and  shrimp  farming,  estimates
the faclor  sliares  and  study  the  plight  of  agricultural  and  female  labour  in  the  coastal  areas  of
Tamil  Nadu. Total  cost of cultivation for Shrimp was  Rs. 258449.25  per  ha  and  it was  Ps.19986.34
per ha for rice cultlvalion. Variable cost and fixed cost constitute about 96 percent and 4 percent
ot lotal  cos.,  respectively lor Shrimp and  it was 76 percent and 24 percent,  respectively for rice
cultivation.  The  gross  Income was  Ps. 457977.22  per  ha for shrimp  and  Fls.  27356.25  per  ha for
rice  with  a  benefil-cost  ratlo  of  1 :1.77 and  1 :1.37,  respectively.  Factor  share  ot  labour  in  shrimp
farms was 0.23  percent whHe it was 29.11  percent ln  rice farming,  Indicating the adverse Impact
of  shrimp  larming  on  agricultural  labour.  Women  particlpalion  ls  much  higher  ln  rice  based
cropping  system  with  43.64  I.ercenl  of  total  labour  reqLiirement  comparecl  to  33.97  percent  in
shrimp  culture.

(,KFy  wo_r.ds  :  Compar_a.t`ue  ecpnomics.  F`actor  share  analysis.  Employment  opporiunities.  Women
labour,  Rice farming.  Shrinp jtarmii`g)

The World Watch Institute has emphasized the
high   potential   for   aquaculture   in   developing
countries with about 85 percent of the fish farming
emanating  from  developing  countries.  India  is  the
second largest aquaculture producer next to China
with 6 percent of world output. Indian fishery sector
has  the  potential  for  employment  generation  and
export  earnings  and  the  rate  of return  on  shrimp
farming  has  been  estimated  at  about  600  percent
depending  on  cultural  operations.  The  experience
of  many  South  East  Asian  countries  and  their
shrimp output through brackish water aquaculture
attracted  the  Indian  entrepreneurs  to venture  into
this  industry  on  a  commercial  scale.   Most  of  the
shrimp  farming  in  India  was  developed  in  the  rice
farms  situated  in  the  coastal  areas  replacing  rice
cultivation.  In this context,  this paper analyses the
comparative economics of shrimp farming in Tamil
Nadu,  especially (i)  to  study the cost and return of
shrimp and rice cultivation,  (ii) to estimate the share
or output for different inputs,  and  (iii)  to study the

plight  of agricultural  labour  and  female  labour  in
the  coastal  areas.

METHODOLOGY

A sample of 75 farmers was selected at random
based  on  the  total  number  of shrimp  farms  in  the
two  districts  and  Union  Territory  of  Pondicherry.
Data  were  collected  from  the  farmers  by  personal
interview using  a  pre-tested  interview  schedule.

Average  and  percentage  analyses were used  to
examine the initial investment made on shrimp farm
and  cost and  returns  from  shrimp  and  rice  farms.

Factor share  analysis

Factor  shares  are  the  ratio  of costs  of factor
inputs used in production process to the total value
of output.  Factor income  of land  is  rent,  of labour
is wage,  and  of capital  is interest.  Factor share for
different   inputs   used   in   the   production   are
calculated  as  follows  :

Current Inputs  (CI)  =

Capital

IJabour

Residual

Land

Surplus

Input Prices x guantity

Output values

Interest x Amount

Output values

Numbers x Wage

Output values

loo.00 -(CI + Capital + Labour)

Output values

No. of acre x Rental value

Output values

Residual - Land



58 T.  Elenchezhian  et a/.

BESULTS  AND  DISCUSSION

General  characteristics  of the  sample  farms

Features of farm  family

It could  be seen from the Table  I  that average
size of family was 5.29 of which  19 farmers lived ln

joint family and 56 farmers lived as nuclear family.
In the selected farms 7.81,17.38 and 33.25 percent
have  completed  primary,  higher  secondary  and

graduate  education,   respectively  whereas,   the
remaining 41.56 percent were illiterate.

Table  1. Family details Of the sample shrim:pjarms

Sl.No. Particulars Number PerceDtl

I. Number of farms 75 loo.00
2. Joint family type 19 25.33
3. Nuclear family  type 56 74J7loo.00
4. Average family size 5.29
5. Total  family members 397
6. Primary education 31 7.81
7. Higher Secondary education 69 17.38
8. Collegiate 132 33.25
9. Illiterate 165 41 . 56

[Percent of family type to total number of farms and percent of

education  level  to  the  total  family members

Features  of  shrimp  farms

Total  area  owned  by  the  sample  farmers  was
470.85  ha  with  a  water  spread  area  of 321.75  ha
(Table  2).  The  average water  spread  area  per farm
was 4.29 ha while average number of ponds per farm
was  5.69.  The  stocking  density was  58266.67  per
ha  with  the  survival  rate  of  80.80  percent.  The
average output was  I.22 ha"  with an average price
of Rs.  356.87  per kg.

Cost  and  returns  of  rice  and  shrimp  cultivation

One   of   the   important   consequences   of
proliferation  of  shrimp  farms  is  conversion  of

Table 2. Selectedjeautures Of scunple shrrmpjalTns

Sl.No. Partlculars Total

I. Area  of the  farms  (ha) 470.85
2. Water spread  area  (ha) 321.75
3. Average water spread area per farm (ha 4.29
4. Total  number of ponds 427.00
5. Average number of ponds per farm 5.69
6.7. Stocking density 58266.6780.80

(number of shrimps  per ha)
Survival rate  (%)

8. Output (t/ha) 1.22
9. Average price  (Rs/kg) 356.87

Table 8. Cost Of culttoatton for shrinp and rtoe farms (Rs/ ha/orop)

Sl.  No. Particulars Shrimp % to total cost Rice % to total cost

I. Man 828.80 0.32 5740.00 28.72
2. Woman 239.85 0.09 2222.50 11.12

3. Bullock 0.00 0.00 875.00 4.38
4. Machine 2435.17 0.94 1600.00 8.01
5. Llmin8 4223.97 I.63 0.00 0.00
6. Seed 43922.21 16.99 865.20 4.33
7. Feed 125450.50 48.54 0.00 0.00
8. FYM 0.00 0.00 1315.00 6.58
9. Fertilizers 1156.32 0.45 1482.55 7.42
10. Insecticides 40562.30 15.69 140.00 0.70
11. Irrigation  charges 5145.00 1.99 632.70 3.17
12. ROu8ln8 869.42 0.34 0.00 0.00
13. Reservoir treatment 12046.67 4.66 0.00 0.00
14. Equipment maintenance 6589.19 2.55 0.00 0.00
15. Interest on variable cost at  12.50/o 5002.80 I.94 268.20 I.34
16. Total variable cost 248472.18 96.14 15141.15 75.76
17. Rent on lown land 4500.00 1.74 2825.00 14. 13
18. Rent on leased  land 3750.00 I.45 1500.00 7.51
19. Land revenue 150.00 0.06 97.92 0.49
20. Depreclatlon at 5% 1415.72 0.55 350.34 I.75
21. Interest on fixed  capital at  10% 161.35 0.06 71.93 0.36
22. Total fixed cost 9977.07 3.86 4845.19 24.24
23. Total cost 258449.25 loo.00 19986.34 loo.00
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Sl.  No. Particulars Shrimp Rice

I. Yield  (kg/ha) 1224.80 4200.00
2, Price  per kg  in  Rs. 373.92 6.00
3. Value  of main  product 457977.22 25200.00
4. Value of by-product 0.00 2156.25
5. Gross income 457977  22 27356.25
6. Total variable  cost 248472.18 15141.15

7. Gross  margin  (5-6) 208505.03 27356.25
8. Total  cost 258449.25 19986.34
9. Net  Income  (5-8) 199527.96 7369.91
10. Cost  of production  (Rs/kg)  (8/ 1) 21  I.03 4.76
lL Benefit-Cost  ratio  (5/8) I :  1.77 1  :  I.37

agricultural  lands  into  shrimp  farms.  To  compare
the  relative  profitability  of rice  and  shrimp  farms
cost  and  return  were  worked  out  and  the  results
are presented  in Tables  3 and 4,  respectively.

It  could  be  observed  from  Table  3  that  total
variable cost was higher for shrimp cultivation with
Rs.   248472.18  per  ha  while  it  was  Rs.15141.15

per ha for rice cultivation. The higher variable cost
in shrimp farm was due to the extra cost on reservoir
treatment,   liming.  rouging,   feed  and  equipment
maintenance.  Total  fixed  cost  was  also  higher  for
shrimp  cultivation  than  rice  cultivation  due  to
higher  establishment  cost  incurred  on  shrimp
cultivation.  Altogether,  total  cost  of  cultivation  for
shrimp  was  Rs.  258449.25  per  ha  and  it  was  Rs.
19986.34 per ha for rice cultivation. Variable cost and
fixed cost constitute about 96 percent and 4 percent of
total cost, respectively for shrimp, and it was 76 percent
and 24 percent. respectively for rice cultivation.

Returns

The  gross  income  \vas  higher  for  shrimp  with
Rs.  457977.22  per  ha  and  it was  Rs.  27356.25  per
ha for rice. while the net return was Rs.  199527.96
and  Rs.   7369.91   per  ha  in  that  order.   Cost  of

production per kg of shrimp was Rs.  211.03 and it
was Rs. 4.76 per kg of rice with a benefit-cost ratio
of  1 : 1.77  and   I : I.37,  respectively.

Results  of factor  share  analysis

An  analysis  of  factor  shares  provides  useful
insights  into  how  output  is  distributed  among  the
various factors of production. F`actor share analysis
throws  light  on  the  relative  changes  in   factor
incomes  when   their   use   is   shifted   from   one
enterprise to another.  Hence it is more appropriate
to  examine  which  factor  gained/lost  more  relative
to  others  due  to  the  shift  from  rice  production  to
shrimp production.  Factor shares  of one ha of rice
production  and  shrimp  production  are  presented
in Table  5.

Factor  sliare  analysis  revealed  that  in  rice

production, the residual, which is the return for the
use  of land  and  marginal  inputs  of farmers,  gain
the  largest  factor share.  When  rent for use  of land
is subtracted from  residual,  it is called as surplus.
It is the reward for the risk taken by rice producers
which  is  about  32  percent  of  gross  value  of  rice

production.  Share  of labour  in  total  value  of rice
output was 29.11 percent followed by ourrent inputs

Table 5. Factor payments (Rs/ha) cmclfactor share (%)

Sl.  No. Details Rice  production Shrimp production
Value %  to  value Value %  to value

of output of output

1. Current inputs 4435.45 16.21 233376.38 50.96
2. Capital 3255.00 11.90 12057.19 2.63
3. Labour 7962.50 29. I I 1068.65 0.23
4. Land 2825.00 10.33 4500.00 16.45
5. Surplus 8878.30 32.45 206974.99 29.73
6. Value of output 27356.25 loo.00 457977.22 loo.00
7. Residual  (4+5) 11703.30 42.78 211475.99 46.18
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(16.21   percent),   capital   (11.90  percent)   and  land
(10.33  percent).  In  the  case  of shrimp  production,
share  of current  inputs  was  higher  than  all  other
factors and it accounted  for 50.96 percent of gorss
returns   followed   by   share   of  residual   (46.18

percent) , share of operator (surplus)  (29. 73 percent),
land   (16.45  percent),   capital  (2.63  percent)  and
labour  (0.23  percent).

In  general,  income  distribution  among  factors
is   evenly   distributed   in   rice   farming.   Income
distribution was worsened with the introduction of
shrimp  farming.   Particularly  the  factor  share  of
labour in shrimp farm is very low, constituting 0.23

percent while  it was  29.11  percent in  rice  farming.
This indicates the adverse impact of shrimp farming
on  agricultural labour.

Employment opportunities

One  of  the  negative  consequences  of  shrimp
culture was dis|)lacement of labour.  Usage of labour

per   hectare   of   shrimp   production   and   rice
production are  presented in Table 6.

Table  6.  Labour itse per hectcire r{c€ and shrimp
procLuctton  (marl-daLys / ha)

Sl. Sex Shrimp Rice          _

No. production production

1.2. MaleFelnale 10.36 82.00

(66.03) (56.36)

5,33 63.50

(33.97) (43.64)

3, Total I 5 . 69 145.50

( 100.00) (loo.00)

A\'erage    labour    re(iuiremcnt    for    paddy
cultivation  was   145.50  man-days  per  ha  while  in
shrimp farming it was  15.69 man-days per hectare
under  the  existing conditions.  It  shows  that labour
requircment  in  crop  cultivation was  about 9  times
higher than  in  shrimp  production.

In  many  cases  rich  farmers  convert  their  rice
farm in[o shrimp farm to get huge profit and thereby
reducing the  employment  opportunities.  In  shrimp

faming,  digging  of ponds  was  an  important labour
intensive operation. But in sample farms. digging was
mainly carried  out through  machine  labour.  Labour
requir-ement for maintenance  in  shrimp  culture \vas
mostly hired.  Evidently` expansion of shrimp culture
in the  study area  is likely to  have  adverse effects on
employment of small and agricultural labourers.

The    most    serious    situation   was    when
entrepreneurs  acquire  the  land  from marginal  and
small farmers and convert them into shrimp farms.
creating  a  huge  number  of  unemployed  landless
agricultural labour. Further, the use of saline water
in  shrimp  culture  affects  neighbouring  rice  fields.
Continuous salinization of paddy fields would force
the farmers to abandon cultivation which may affect
not  only  the  farmers  but  also  the  employment
opportunity of landless  agricultural labour.

Women  participation  is  much  greater  in  rice
based  cropping  system  with  43.64  percent  of total
labour  requirement  and  they  play  a  major  role  ln

production. post-harvest processing and marketing.
Moreover.  much or women labour in rice culti\ration
is  hired  but  shrimp   culture   does  not  provide
employment   for   women.   Elimination   of  rice

production may severely affect the employment aLnd
empowerment  or women.

CONCLUSIONS

The  study  re\,.ealed   that.   in  general,   income
distribution  factors  are  evenly  distributed  in  rice
f`arming  while  income  distribution  was  worsened
with the introduction of shrimp farming.  Particularly
the  factor  share  of  labour  in  shrimp  farm  is  very
low,  constituting 0.23  percent while it was 29.11  in
rice  farming which  Indicates  the adverse  impact of
shrimp   farming  on   agricultural  labour.  Thus,
Introduction  of shrimp  farming  in  the  coastal  bell
of Tamil  Nadu  and  Pondicherry  is  a  threat  lo  the
employment   opportunities  parlicularly  for  the
landless  agricultural  labour  li\'ing  in  these  areas.
Conversion  of  paddy  lands  Into  shrimp  may  also
severely  affect  the  employment  and  empowerment
of women  in  these  areas.

_y,
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Characteristics and classification of coastal soils of North Karnataka

India has a coastline or 8129 kin and the coastal
ecosystem  of the  country  supports  the  food  and
livelihood security of several million rural poor. Out
of the  total  coastline  of India.  310  kin coastline  is
in  Karnataka  and  its  coastal  region  accounts  for
6.09  percent  of the  area  of the  state.  The  problem
of  resource  evaluation  and  management  in  the
coastal  region  is  strikingly  different  from  those  of
hinterland.  For the planned development of coastal
areas  reliable  information  on  soils  with  respect  to
their  nature.   potential   and  limitation  is  very
essential. In the present study an attempt was made
to  characterize  and  classify  some  coastal  soils  of
North Karnataka.

The  study  area  lies  in  Kumta  faluk  of Uttara
Kannada district of Karnataka and lies between  14°
20'  lo   140  36`  N  latitudes  and  740  17'  to  74°  41'  E
longitudes with a total area of 582 sq.  kin. The area
receives  a  mean  annual  rainfall  of 3522  mm.  The
mean annual temperature is 27.6°C with an average
annual  maximum  and  minimum  temperatures  of
31.7°C    and    23.5°C,    respectively      The    soil
temperature regime is isohyperthermic and moisture
regime  is  ustic.

Reconnaissance  survey  was  carried  out  using
survey  of  India  toposheets  and  IRS-ID  imageries.
Sample  strip  was  selected,  pedons  were  examined
and morphologlcal characteristics were studied (Soil
Survey  Staff,   1951).  Three  typical  pedons  were
selected for the detailed study.  Particle size analysis
of the soil samples was carried out by international

pipette method as described by Jackson ( 1979). pH,
electrical  conductivity.   organic  carbon,   cation
exchange  capacity,   exchangeable  bases   and
exchangeable  acidity  were  determined  following
standard  methods  (Black,   1965).  The  soils  were
classified  as  per Soil Taxonomy  (Soil  Survey Staff,
1992).

The pedons were deep and developed on coarse
textured   alluvium.   The   colour  of  the   surface
horizons of the pedons was dark brown for Kadekode
and  Honehalli  pedons  and  it  was  dark  yellowish
brown  for  Aghanashini   pedon   (Table   1).   Hue
remained same for all the pedons  (10 YR)  except in
the  lower  solum  of Aghanashini  pedon  (5  GY)  due
to the presence of deposited marine materials. The

texture  ranged  from  sandy  to  sandy  loam.  These
soils  exhibited  single  grained  structure  or  a  very
weakly developed sub-angular blocky structure. The
better developed structure of Aghanashini pedon in
comparison to other pedons was due to high organic
matter  content  a.cumulated  by  way  of  estuarine
process.  Yellowish  brown  to  red  coloured  mot[les
were  observed  in  Kadekode  and  Honehalli  pedons.
These  soils  lacked  distinct  horizonation.

In terms of physical characteristics the content
of coarse fragments was very low (Table 2) and sand
fraction  dominated  the particle  size  classes. These
fractions were inert and were ctf no consequence in
further weathering.  The clay content was very less
and  irregularly  distributed   in  Honehalli  pedon
whereas in Aghanashini pedon it was uniform. The
particle  size  distribution  data  of pedons  indicated
that  these  pedons  had  uniform  lithology  (Kaswala
et  ctl..1999)  with  lack  of the  process  of illuviation.
The  high   clay  content   in  Ap   and  A2   horizon   of
Kadekode   pedon   may   be   due   to   depositional
differences  of c.oastal  alluvium.

Table  1.  Morphological characteristics  Of the  sc>tls

Horizon        Depth        Soil  colour    Tex-Structure

(in)                (moist)         ture        (moist)

Pedon  1
tKadekode)

Ap                 0-0.13
A2              0.13-0.45
Cl             0.45-0.58
C2            0.58-0.74

Pedon 2
|Honehalli)

Ap              0.0-0.12         10YR3/3         ls            vflsbk
Al             0.12-0.26       10YR3/3          s                  sg
Cl            0.26-0.52       10YR5/3          s                  sg
C2            0.52-0.74       10YR7/3          s                  sg
C3            0.74-0.99       10YR6/6          s                  sg
C4            0.99-I.25       10YR6/3         ls            \Jflsbk

Pedon  3
|Aghamshinl)

Ap               0.0-0.9          10YR3/4         Sl           m2sbk
AI             0.09-0.14       10YR3/4         Sl           mlsbk
A2            0.14-0.23       10YR4/4         Sl             flsbk
A3            0.23-0.37       10YR4/6        Sl           vflsbk
C1            0.37-0.56       10YR5/3         Sl           mlsbk
C2            0.56-0.73       5  GY4/1          Sl             week
C3            0.73-0.82       5  GY4/1          Sl             week
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The  chemical   properties   show  that  the  A
horizons of Kadekode and Honehalli pedons and all
the  horizons of Aghanashini  pedons were  acidic  in
reaction (Table 2). Such acidic pH range was due to
regeneration  of the  inherent  acidity  of these  soils
after  washing  off  of  the  salinity  by  heavy  rains
(Varghese  ct  al.,   1970).   In  the  lower  horizons  of
Kadekode  and  Honehalli  pedons  the  pH  shifted  to
neutral range.  Electrical conductivity was less than
I.0  dsm  I   except  in   C3  horizon   of  Aghanashini

pedon. The Irregular distribution of onganic carbon
content was due to estuarine processes and the high
content   or  organic   carbon   at   C3   horizon   of
Aghanashini  pedon  was  due  to  the  presence  of
deposited  materials  there.

Cation exchange capacity was generally low and
varied  from 0.75  to  5.25  cmol  (p+)  kg I.  The  low EC
was due tc) low clay content in these soils.  In all the

pedons  calcium  was  the  dominant  calion  followed
by  magnesium,  sodium  and  potassium.  The  high
Bacl2-TEA  extractable  acidity  indicated  that  these
soils  contained  more  proportion  of  pH  dependent
changes  and  the  high  Bac12-TEA  acidit}'  could  be
attributed to aluminium h.vdroxyl compounds that
`verc held tenaciously on the exchange complex and
due  to  non-exchangeable  aluminium  embedded
between crystal lattice which came into the solution
due  to  buffenng  and  complexing  nature  of Bac12-
TEA (De Alwis and Pluth.1976). The base saturation

percentage was very low in  these  soils.
Classification of the soils suggests that because

of  the  absence  of  any  diagnostic  horizons  these
pedons  could  be classified  under the  order Entisol.
The   Kadekode  and  Aghanashini   pedons   were
characterized  as Aquents  due  to  hue  of  10 YR and

chroma of 2 in case of Kadekode pedon and presence
of gleyed horizon (5 GY) in case of Aghanashini pedon.

Both pedons were classified as Psammaquents
at  great  group  level  due  to  loamy  sand  and  sandy
particle  size  classes.  The  Aghanashini  pedon  had
an Ap  horizon  with  a  colour value  moist  of 3,  dry
value  of  5.  and  a  base  saturation  (by  NH4oAC)  of
less  t.ham  50  percent  throughout  the  profile.  and
therefore classified as Humaqueptic Psammaquents
and     Kadekode    pedon     qualified    for    Typic
Psammaquents  due  to  absence  of  gradation  in
properties.

The       Honehalli       pedon       qualified       for
Ustipsamments due to loamy sand to sandy textural
class  and  ustic moisture regime.  At subgroup level
it may be  classified  as Typic  Ustipsamments.

Limitations  and  management

To discuss on limitation and management these
coastal   soils  pose   severe   physical  constraints
associated  with  their  inherent  site  characteristics
such   as   climate.   texture   and   single  grained
structure. The coarse textured nature of these soils
leads to high percolation resulting in loss of added
nutrients to deeper depths.

The  lifting of sand  is  intensified  during heavy
wind  period  and  causes  severe  damage  to  the
standing  crops  in  coastal  dune  areas.  Adopting
erosion  control  and  other  ameliorative  measures
such  as.   stabilization   of  sand  dunes,   pasture
development,   moisture  conservation  practices.
incorporation of organic manures` water harvesting,
and control of surface crusting would enhances the
productivity.  Plantation of casuarinas on the sandy
foreshore can minimize the problem of shifting sand.

Department  of Soil  Science  & Agricultural Chemistry
University of Agricultural Science,
Dharwad,  Karnataka -580 005

M.  SHAMSUDHEEN and
a.  S.  DASOG
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Integrated zinc management for fab¢rz./rice in
coastal alluvial (Entisols)  of Orissa

Intensive cultivation of high yield genotypes
of rice coupled with continuous use or high analysis
zinc  free  chemical  fertilizers  under  medium  and
lowland situation caused deficiency of zinc in coastal
alluvial soils of Orissa (Sahu cf al„  1990) for which
rice yield is unexpectedly reduced.   Response of rice
to  Zn  in  alluvial  and  black  soils  of Orissa  through
various sources of Zn has been reported by Sahu et
a!.  (1989,1994).   Chemical  source  of zinc  is  costly
and application at high dose may cause antagonism
with  some  other  chemicals  (Navyar  and  Chhibba,
1992).    Hence,  an  attempt  was  made  to  study  the
integrated  management  of zinc  in  rice  in  alluvial
soils  or orissa.

F`ield   experiments   on   response   of  rice   to
integrated Zn application were taken up at Regional
Research Technology Station, Ranital, OUAT during
the wet seasons of 1998 and  1999.   The treatments
included  lone  soil  application  of Zn  @  2.5  and  5.0
kg   ha  I   or  Zn   integrated   with   gi.een   manure
(SesbQn{a  ciculecttci)  or  with  FYM  @  5  t  ha-I.     Lone

green  manure  and  FYM  @  5  t  ha-I  were  compared
with  foliar application of 0.1°/o Zn-EDTA twice at  10
days  interval  after  maximum  tillering.    Altogether
len  treatments  (Table   I)  including  one  control  (no
Zn)  were  replicated  thrice  in  a  randomized  design.
Rice  variety  Lalat  was  the  test  crop.     The  crop
received  a  common  dose  of N,  P  (P205)  and  K  (K20)

@   80.   40  and  40  kg  ha-I.     Full  dose  of  P  and  K
alongwith 250/o N were applied at transplanting.  Out
or the rest 750/o of N,  50% was applied at maximum
tillering  and  the  balance  25%  at  panicle  initiation
stage.     Sources   of  N.   P,   K  and  Zn  were  urea,
diammonium phosphate, muriate of potash and zinc
sulphate, respectively.  The soil of the experiment site
was  loam  (Haplaquept)  with  7.5  pH,  0.62%  organic
carbon and 0.51  mg kg.I  DTPA extractable Zn.

Application  of lone Zn  at either  dose  of 2.5  or
5.0 kg ha I  and  green  manure  or FYM  significantly
increased  the  grain  and  straw  yields  of rice  over
control  (Table  1).   The grain yield  increased  in  the
order  of  8.0,    17.0,   7.5   and   10.4,   respectively.
Application  of lone  Zn  @  5.0  kg  ha I  showed  the
maximum yield increase among the sources applied.
Similar  was   the   trend   in   case  of  straw  yield.
Integrated use of zn at either dose with green maure
or F`YM showed further yield increase than their lone
application.    Integration  of Zn  with  green  manure
showed higher yield increase than integration of the
same  with  FYM.    Integration  of Zn  at  either  dose
with  FYM  did   not  show  yield  increase  between
themselves.    Integration  of Zn  @  5.0  kg  ha I  along
with  green  manure  exhibited  the  highest  yield
increase  (23.00/o)   over  all  treatments  followed  by
foliar spray  of Zn-EDTA  ( 18.90/o)  two  times  at  0.1%
concentration .

Table  1.  Integratecl management Of Zn in terms Of grain and straw Wield. in rite

Treatments Grain yield  (q ha I) % increaseOvercontrol Straw yield  (q ha-I) % increaseOvercontrol

1998 1999 Mean 1998 1999 Mean
T,     Control  (no  zn) 30,0 28.8 29.40

8.0

35.8 30.2 33.00

9.9T2      Zn(@2.5kgha-1) 31.5 32.0 31.75 39.3 33.2 36.25
T,,     Zn  (@  5.0  kg  ha  I) 34,0 34.8 34.40 17.0 42.0 34.7 38.35\ I       .16.2

Tq     Green  manure  (GM) 32.5 30.7 31.60 7.5 39.0 31.2 35.10 6.4
T.`     C"  +  Zn  (@  2  5  kg  ha-1) 35.5 33.I 34.30 16.7 46.1 33.8 39.95 21,I
T6     C"  +  Zn  (@  5,0  kg  ha  I) 370 353 36.15 23.0 45.6 35.3 40.45 22.6
T.,      FYM  (@   5  t  ha  I) 32.0 309 32.45 10.4 37.0 31.8 34.40 4.2
Tp     FYM  +  Zn  (@'  2.5  kg  ha  I) 34.0 34.7 34.35 16.8 40.3 35.5 37.90 14.9
Tr,      FYM  +  Zn  (@  5.0  kg  h{1  I) 35.0 33.I 34.05 15.8 41.8 35.7 38.75 17.4
T„\   Zn  EDTA  (0.1%)  (Foliar  `spray) 36.0 33.9 34.95 18.9 48.0 34.2 41.10 24.5

CD  (P=0.05) I.48 2.07 3.21 lt't
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Application   of  Zn  at  either  dose   or  green      maximum  where  Zn  @  5.0  kg  ha-`  was  integrated
manuring or application of F`YM showed significant      with FYM followed by integration with green manure.
higher  uptake  of Zn  by  grain,  straw  or  both  over      Straw  part  retained  higher  Zn  than  grain  part.
control  (Table  2).    Application  of zn  ©  5.0  kg  ha-I       Highest   total   uptake   of  Zn   was   recorded   by
alongwith green manure accumulated maximum Zn      integration  of Zn  ®  5.0  kg  ha-I  with  green manure
by  grain  followed  by  soil  application  of Zn  at  the      followed  by  FYM  which  was  influenced  by  higher
same  rate.    In  case  of straw  absorbtion  of zn  was      blomass yield.

Table  2.  Integratecl rranagemer\t Of Zn in terms Of uptak:e Of Zn bg  rice

Treatments Zn uptake by grain (gha'1} Zn uptake by. straw {gha.I_) Totalul,tale(8ha-I)

1998                    1999                  Mean 1998                   1999                   Mean

Tl 45.2                     40.8                     43.0 51.3                        44.1                         47.7 90.7

T2 79.0                     76.5                     77.7 86.0                     106.5                    96.2 173.9

T3 104.7                      98.9                      101.8 96.0                      115.5                     105.7 207.5

T4 59.3                      50.7                     55.0 61.3                       71.5                       66.4 121.4

T5 93.7                      95.I                      94.4 100.7                     126.3                     113.5 207.9

T6 log.7                    122.8                    116.2 109.7                    165.5                     137.6 253.8

T7 60.0                     52.2                     56.I 60.7                      71.0                      65.8 121.9

T8 98.3                      92.I                      95.2 126.3                   123.0                   124.6 219.8

T9 84.7                     Ilo.3                    97.5 151.3                     142.1                      146.7 244.2

Tlo 80.3                     101.5                    90.9 81.0                      144.5                    112.7 203.6

CD  (P=0.05) 18.21                        11.89 22.3                  26.55

Treatments same as  in Table  I
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Effect of weed management practices in direct seeded drilled rice

Out  of 41   million  hectare  land  under  rice  in
India.  rain fed  upland  (mostly  direct  seeded)  rice
constitutes about  16 percent of the area, where the
productivity  of  rice  is  only  0.5  to  6  tonnes  per
hectare.   Severe  weed  competition  is  the  major
hurdle  which  competes  with  rice  plant  for  light,
nutrient and moisture causing reduction in yield to
the  extent  of 80  percent  (Sinhababu  €t  al..   1992).
Manual weeding is costly and uneconomical. Hence
efforts are made to study the performance of different
combinations  of weed  management  practices  in
controlling the weeds in direct seeded drilled rice under
agroecosystem of Konkan,  Maharashtra.

A field  trial was conducted  during j(hart/2002
at the Agronomy F`am, College of Agriculture. Dapoli
representing  Konkan  region.   Six  treatments  as
mentioned  in  Table  1  were  replicated  six  times  in
the randomized block design. The gross and net plot
sizes  were  6  x  5m  and   5.5  x  4.6m,   respectively.
Experimental  soil was  lateritic.  sandy clay loam in
texture.  The  available  N`  P205  and  K20  content  of
the   soil  were   297.16.12.43  and   188.64   kg  ha-'`
respectively.  After  thorough  land  preparation,  rice
variety Ratnagiri-I  was drilled at a spacing of 20cm
between  two  lines.  Well  decomposed  F`YM  @  5  t  ha-I
was  incorporated  at  the  time  of land  preparation.
The  crop  was  fertilized  with   100  kg  N,  50  k8  P205

per  hectare.  Out  of  this  40  percent  nitrogen  and
full dose of P205 and K20 were applied as basal dose

atthetimeofso     ng. Remaining30 kgNwasapplicd
at  30  days  after  sowing  and  30  kg  N  at  panicle
initiation   stage.   The   sowing  of  both  rice  and
blackgram (cv. TPU-4) was done in the 2nd week of
June.   Pre-emergence  spray  of  butachlor  and
anilophos was given next day after sowing. Hoeings
were  also  followed  as  per  the  treatments.  Data  on
dry  matter  of  weeds,   grain  yield  and  uptake  of
nutrients by the crop  and weeds was obtained and
analyzed  statistically.

The dominant weed observed were : Echinochloa
coZoJia,  Jschaemum globosQ.   Eragrostis  mcijor  and
Eragrosfis  minor.  among grasses:  Cuperus  iria and
Cyperus  dtif i ormts.  a.mong  sedges.`  Mimosa pudica,
Ammonia baccifera`  Corchorus  acutangularis  and
C€tocici arg€ri[ia among major broad  leaved weeds.

Pre-emergence  spray  of butachlor  followed  by
one  hand  weeding  at  40  days  after  sowing  (DAS)

produced  significantly  higher grain yield  of rice  as
well as total rice equivalent grain yield as compared
all other treatments under study (Table  1).  Similar
results in respect of butachlor + one hand weeding
were  reported  by  Singh  and  Patel  (1989).  All  the
weed  management  practices  recorded  significantly
higher  rice  equivalent  grain  yield  as  compared  to
weedy  check.   Performance  of  blackgram  as  an
intercrop with rice was poor due to the high rainfall
in  the  region.

Tab.e  1.  Effect Of u]eed. management practiees on the Lueecl groujth . N uptake arid
grain Wield Of direst seecled rice

Treatments Grain  yield Rice Dry WCB N  uptake

(q  ha.I) equivalentyield weightofweeds (%) (18  ha-I)

Rice Black by by

gram (q  ha-I) (q  ha-I) Crops weeds

TI      Unweeded  control 8.89

1.09

8.89 39.47

57.06

12.40 34.40

T2      Hoeing  (20DAS)  +  HW  (40  DAS) 26.48 26.48 16.95 54.10 13.16

T3     Butachlor  @   I.5  a.i./ha  +  HW  (40  DAS) 32.51 32.51 5.60 85.81 66.67 4.17

T4     Anilophos  @  0.5  kg  a.i./ha  +  HW  (40  DAS) 28.75 28.75 10.57 73.22 41.37 8.63

T5     2:I  Rice  and  blackgram  intercropping  + 16.15 19,44 21.12 46.49 44.94 17.79

HW  (40  DAS)

10.37 1.21 14.01 17.55 55.54 44.92 14.62T6     2:2  Rice  and  blackgram  intercropping  +
HW  (40  DAS)

0.62 0.63 1.09 1.75 1.18SEm+

CD  (P=0.05) I.87 1.91 3.29 5.75 3.56
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Pre-emergence   application   of  butachlor
followed  by  one  hand  weeding  at  40  DAS  also
recorded  minimum  dry  matter  of weeds  i.e..  5.6

q ha I with 85.81  percent weed control efficiency.
The  dry  matter  of  weeds  due  to  integration  of
butchlor    spray    with    hand    weeding    was
significantly less as compared to all weed control
measures and weedy control as well. The excellent

Dr.  a.  S.  Konkan Krishi Vidyapeeth
Dapoli -415  712
Maharashtra
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Effect of salinity and PEG stress on agromorphological
parameters and water relations in tomato varieties

Productivity  of tomato  may  be  constrained  by
unfavourable  physicochemical  environment.  The
major  bottleneck  in  achieving  the  desired  yield  in
tomato has been the susceptibility of crop to biotic
and abiotic stresses. Andaman and Nicobar Islands

posses about 4000 ha of saline land, which are lying
vacant owing to salinity (Elanchezhian and Mandal,
2001,   Elanchezhian  and   Mandal,   2003).   The
lowlying  saline  land  is  frequently  inundated  with
seawater  which  renders  the  area  unsuitable  for
agriculture  (Mandal,   1998,  Mandal  et  a!„   1999).
Hence,  an attempt was made to evaluate the HYV's
of tomato for their tolerance to coastal salinity. The

present  work  was  aimed  at  identifying  suitable
HYV's  for this  coastal  saline  ecosystem.

Three HYVs of tomato viz.. Kerala Shakthi, Arka
Abhjjeet and LE 3704 were grown at the glass house
of  Biotechnology  Section.   CARI.   Port  Blair.   The
varieties were stressed with t`ro levels of salinity regime
viz.,  8 and  16 dsm-I and PEG stress of 0.75 Mpa and
I.5  Mpa applied  at  30  DAP  (days  after planting),  45
DAP  and   60   DAP.   Various   agromorphological

paranieters including water relation parameter (Relative
Water  Content)  were  observed  during  crop  growth.
Standard  package  of  practices  for  fertilizer  and
pesticide application were followed for raising the crop.

Among all the varieties plant height and number
of primary  branches  decreased  with  imposition  of
salinity and PEG stress (Table  I). The decrease was
more  with  increase  in  stress  levels.  F`ifty  percent
flowering  was   delayed   with   both   the   stress
treatments. A maximum of 15-day and  13-day delay
in flowering was observed in Kerala Shakthi stressed
with 8 dsm-I . However. 50% flowering was shortened
at higher stress levels of salinity (16 dsm-I) and PEG
(I.5  Mpa)  in  Kerala  Shakthi  and  LE  3704.  In Arka
Abhijeet delay  in  flowering  occurred  with  increase
in  salinity  to  higher  levels  only.  The  number  of

flowers  and  fruits  was  found  to  decrease  with
increase  in  stress  levels.   Maximum  number  of
flowers  (13.0)  and  fruit  (11.5)  was  observed  in  LE
3704 under 0.75 Mpa PEG stress. The yield per plant
was  found  to  be  highest  in  Arka Abhijeet  (83.60  g)
under  8  dsm-I  but  decreased  to  31.48  g  with   16
dsm-I of salinity. However, Kerala Shakthi exhibited
highest yield per plant (74.50 g) with PEG stress of
0.75  Mpa.  The  Mean  relative water  content  (RWC)
of  the  varieties  varied  from  28.87%  to  72.270/o.
Among the varities RWC decreased with increase in
stress  levels  of  both  salinity  and  PEG.  With  PEG
stress  maximum  reduction  in  RWC  was  observed
in  LE  3704  (28.870/o)  at   I.5  Mpa  and  minimum
reduction in  Kerala  Shakthi  at  0.75  Mpa  (72.270/o).
The decrease in RWC was relatively less in the latter
variety  at  0.75  Mpa  PEG  stress.  At  higher  salinity
level   (16   dsm.I)   too   the   decrease   in   RWC  was
relatively less in Kerala Shakthi. However, there was
little  difference  in  plant  yield  at  higher  salinity
treatments among the three varieties. Since tomato
is susceptible to both salinity and water stress, the
maintenance of tungor as measured by the RWC may
contribute to maintenance of plant growth at higher
water  stress  which  may  thereby  lead  to  lesser
reduction in plant yield.

Similar kind  of result was  already observed  in
solanaceous vegetables viz., tomato and bell pepper
(Rao and Bhatt,  1993).  In the present study variety
Kerala  Shakthi  and  Arka  Abhijeet  was  found  to
retain  higher  RWC,  which  may  be  due  to  better
osmotic  adjustment.  The  variety,  which  tolerates
salinity and  water stress was  most appropriate  for
the coastal salinity ecosystem observed in Andaman
and  Nicobar  Islands.  In  this  case  Kerala  Shakthi
and Arka Abhijeet were  found to be sdperior to  LE
3704 and were better suited for cultivation in these
islands.



70 R.  Elanchezhian  &  A.  8.  Mandal

I parcimeters ancz  u)ater re{alions  in tomatoTable  1.  Effect Of salinitg  and PEG  stress on agromorprroLogicaL parairLc.Lc:I s  u, `i,_  LL,Lu..,  , ..u.~,_::::::::I:::=:i

Variety Stress Plant Primary 50% No.  of No.  of Yield/ Yleldton/ha RWC(%)

height(cm) brancheg flowering flowers fruitg plant (8)

Kerala Control 57.5 4.75 64.5 13.75 3.33 103.6 25.90 80.00

ShakthiArka 8  dsm I 37.38 5.50 80.0 2.80 2.33 72.40 18.10 62.79

16  dsm I 23.83 4.67 66.0 2.67 2.0 29.62 7.40 53.95

0.75  Mpa 39.00 5.90 78.0 2.57 2.33 74.50 18.63 72.27

I.5  Mpa 32.33 5.67 71.0 3.50 3.0 30.24 7.56 60.86

Control 77.67 4.00 60.0 1  1 . 50 3.0 150.80 38.0 80.00

AbhijeetLB3704CD 8  dsm-I 55.00 7.50 60.0 7.00 3.5 83.60 20.90 55.99

16  dsm I 47.53 5.50 72.67 4.00 8.0 31.48 7.87 49.72

0.75  Mpa 54.00 5.50 66.0 3.67 4.33 64.84 16.21 51. 77

1.5  Mpa 44.50 5.50 76.0 3.33 6.0 56.39 14.09 38.53

Control 47.33 4.00 60.0 15.0 4.5 120.13 30.03 80.00

8  dsm I 49.25 5.00 64.5 6.75 3.5 68.12 16.78 51.30

16  dsm I 45.75 5.00 71.33 5.5 4.0 30.84 7.83 49.17

0.75  Mpa 57.00 6.00 68.0 13.0 11.5 59.28 14.82 59.06

1.5  Mpa 4350 4.75 72.25 5.5 6.0 30.14 7.53 28.87

Var 2.28 0.22 0.47 0.67 N.S. 0.32 0.23 I.25

(P=0.05) Stress 2.95 0.28 0.60 0.86 N.S. 0.41 0.30 I.62

Var/Stress 5.10 0.49 1.05 I.49 N.S. 0.71 0.51 2.80

SEm(±) Val. I.12 0.11 0.23 0.33 N.S. 0.16 0.11 0.61

Var/Stress 1.44 0.14 0.30 0.42 N.S. 0.20 0.14 0.79

Var/Stress             2. 50             0.24                  0.51 0.73                N.S.                 0.35 0.25             1.37

NS  =  Non-significant

Central Agricultural Research  Institute
Port  Blair -744101
Andaman & Nicobar Islands
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Evaluation of subsurface irrigation system in little gourd
(Cocc{.#!.4 z.#d!.c¢ L.) in lateritic soils of Konkan region

Konkan   region   has   been   bestowed   with
diversified natural resources. Inspite of a very high
annual rainfall of about 3500 mm, scarcity of water
remains  a  normal  phenomenon  after  the  month  of
November.  The  advanced  irrigation  methods  like
drip and sprinkler systems have limited applicability
in the hilly terrain due to poor financial conditions
of farmers and erratic nature of electricity. Various
researchers  tried  subsurface  irrigation  method  in
the  past.   Narda  and  Lubana  (1999)  studied  the

growth dynamics of tomatoes under subsurface drip
irrigation  at  Ludhiana  (Punjab).  The  low  quality
water  can  also  be  used  through  drip.  Oran  et  a!.
(2001)  used surface and  subsurface drip  irrigation
systems  with  the   reclaimed  waste  water  in   a
v;neyard  orchard  near the city  of Arad  (Israel).  Due
to  poor  economics  and  electricity  constraint  the
applicability  of  the  surface  and  subsurface  drip
systems becomes limited and hence effort was made
for designing and testing of new techniques of low-
cost subsurface  irrigation  methods.

F`ield  trials  on  little  gourd  (Coce[nla  ind[ca  L.)
were  conducted  during  rabi  1997-98.1998-99  and
1999-2000  at  the  Water  Management  Scheme,
Central   Experimental   S1.ation  Wakawali,   Dist.
Ratnagiri (M.S.). The treatments included four levels
of Irrigation based  on daily pan  evaporation viz.,1]:
lmgation  with  80%  pan  evaporation  through  clay
mud diffuser: 12: Irrigation with 60% pan evaporation
through  clay  mud  diffuser;  13:  Irrigation  with  40%

pan  evaporation  through  clay  mud  diffuser:   14:
Irrigation    with    100°/o    pan    evaporation    by
conventional  method  (basin).

The treatments were replicated five times in the
randomized block design (R.B.D.). The plot size was
4m  x  2m.  The  soil  of  the  experimental  field  was
lateritic,  sandy clay loam in texture with acidic (pH
6.6)  in  reaction.  The  organic  carbon  content  was
0.72  percent.  The  available  nitrogen,  phosphorus
and potassium content of the soil were 326.66, 5.03
and  185 kg ha  I ,  respectively. The field capacity and

permanent  wilting  point  values  of  the  soil  were
estimated at 32 and  17.82 percent. res|)ectively. The

measured  quantity  of water  as  per  the  irrigation
treatments  was  given   twice  a  week  both  for
subsurface  and  surface  irrigation  system  (basin).
Pucca clay mud diffuser (pot) having 3 litre capacity
as shown in Fig.  I  with five holes at the bottom for
water to  diffuse  into  the  root zone  of the  crop  was
installed.  Manuring ©  5 kg Farm Yard Manure and
100  g  superphosphate  was  done  at  the  bottom  of
each  clay  diffuser  sc)  as  to  restrict the  percolation
losses.  The plantation of little gourd was done at a
spacing  of  2m  x  lm,  one  year  before  the  start  of
experiment.  After  establishment  of little  gourd  the
treatments  were  applied  and  the  fruit  yield  was
recorded.

`P`+J

Diftuser

All  dimensions  are  ln  `cm'

Fig.  1.  Llne  diagram  of  installed dlffuser

Effect  on  truit  yield

Data  presented  in  Table  I  reveal  that  during
1997-98   the   irrigations   at   80   percent   pan
evaporation (I I) gave the maximum fruit yield of little

gourd  (29.98  t  ha-I)`  whereas  the  basin  method  of
irrigation  (12)  resulted  in  production  of  minimum
fruit  yield.  Superficial  roots  of  newly  established
little gourd plantation might have responded better
under  higher  water  availability  with  irrigations  at
80  percent  pan  evaporation  through  diffuser.  In
general  the  fruit  yield  due  to  irrigation  through
diffuser  was  better  as  compared  to  conventional
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Table  1.  Frutt yield (t/ha)  as affected by various leuets Of irrigattor\ (1997-2000)

Treatments Fruit yield |t/ha) Pooled mean

1997-98 1998-99 1999-2000

IL 29.978 16.682 26.570 22.807

12 27.874 21.506 33,446 27.610

13 27.444 22.838 33.690 27.990

14 22.572 rrJ .Sfl2 38.282 29.473

S.E± 2.434 I . 433 2.957 I . 468

C.D  at  P  =  0.05 N.S. 4.416 N.S. 4.070

N.S.  =  Non  slgnlficant

method.   However.   the  yield  difference  due   to
different irrigation levels during  1997-98 were non-
significant.   During   1999-2000   also   the  yield
differences  due  to  different  irrigation  levels  were
non-significant.  During   1998-99  and  as  per  the

pooled data, conventional method of irrigation gave
the  significantly  higher  fruit  yield  over  all  other
irrigation    levels.    As    per    the    pooled    data,
conventional method of irrigation gave the maximum
fruit yield of little gourd which was at par with the

yield recorded due to irrigations given at 60 percent
and  40  percent  pan  evaporation  through  diffuser.
The   high  quantity  of  water  applied   through
irrigations  at  80  percent  pan  evaporation  through
diffuser resulted into production of significantly less

yield  as compared to  other irrigation  levels.

Effect  on  water  saving  and  water  use  efficiency

The  quantity  of  water  applied  in  different
treatments,  water saving vis-a-vis  basin  method  +
WUE in different treatments are presented in Table 2.
Irrigation  at  40  percent  pan  evaporation  recorded
the maximum water saving to the tune of 59.49 percent
as  compared  to  basin  irrigation.  The  water  use
efficiency  was  also  higher  (952.68  kg  fruit-1ha-cm-I)
under this treatment. This clearly indicated that the
irrigations  at  40  and  60  percent  pan  evaporation
through  clay  mud  diffuser  provided  the  optimum
moisture  conditions  for  little  gourd  which  has

reflected  into  maximum  water  use  efficiency  and
statistically comparable yield with the basin method.
However, this method (60 percent pan evaporation)
required 20 percent higher water and had less water
use efficieney as compared to irrigation at 40 percent
pan evaporation through diffuser. By using the diffuser
for  little  gourd  the  farmer  can  irrigate  more  than
double area with same quantity of imgation water.

Effect  on  Benefit  :  Cost (B:C)  ratio

The  data  on  comparative  economics  of  the
treatment  are  reported  in  Table  3.  Conventional
method  of irrigation with  irrigation  at  loo  percent
pan  evaporation  recorded  maximum  gross  (Rs.
I,76,838/-ha-1)  and net returns (Rs.  77,197/-ha-1)
with  highest  B:C  ratio  of  1.77.   Irrigation  with  40

percent pan evaporation through clay mud diffuser
was  the  second  highest  which  recorded  the  gross
and  net  returns  of  Rs.   I,67.940/-ha`]  and  Rs.
72,932/-ha-I,  respectively.  However,  as  far as  B:C
ratio were concerned this method was equally good
with  the  conventional  method.

CONCLUsloN

Three  years  pooled   results  revealed  that
conventional irrigation with  100°/o pan evaporation
gave  significantly  higher  fruit  yield  of little  gourd
over the irrigations at 80°/o pan evaporation through
diffuser in lateratic soils of Konkan region. However,

Table 2. Total quan.titu Of water applied. u]ater sowing and water use e:fficieneg uncler
different trTigatton treatments  ( 1997-2000)

Treatmentg Total quantity of Total water Percent saving of Water use
water applied applied water over emclency

(lit/vine) (cm) basin method kg/ha-cm

11 2785 58.02 19.83 394.45

12 2108 43.91 39.34 627.36

13 1409 29.35 59.49 952.68

14 3466 72.38 402.69

\

r



Subsurface  irrigation  for  little  gourd

Table 3. Comparative econoTnics  Of di`tferer..I  irTigation treatments  ( 1997-2000)
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Treatments Yield of fruits Total cost Gross returns Net returns. B:C  ratio

(t/ha) (Rs.) (Rs.) (Rs.)

[' 22.807 88.838 I.36.842 48.004 I.54

[2 27.610 95,241 I.65,660 70,419 1.74

13 27.990 95,008 I.67.940 72,932 1.77

I, 29.473 99.641 I.76,838 77,197 1.77

the basin treatment was at par with the irrigations
given at 60 and 40 percent pan evaporation through
clay  mud  diffuser.  Irrigations  at  40  percent  pan
evaporation through clay mud diffuser recorded the

Water Management  Research  Project
Wakawali.  Dist.  Ralnagiri,
Maharashtra

R E F E F] E N C E S
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maximum water saving to the tune of 59.49 percent
ac  compared  to  basin  irrigation  and  resulted  ln
highest  water  use  efficiency  (W.U.E)  of 952.68  kg
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Tel.  03218-255085,  255241                                     Fax     03218-255084                                  e-mail  :  iscar@redlffmall  com

INDIAN SOCIETY OF COASTAL AGRICULTURAL RESEARCH
CENTRAL  SOIL  SALINITY  RESEARCH  INSTITUTE,  REGIONAL  RESEARCH  STATION

P 0   Canning Town  (743329),  South  24  Parganas,  West  Bengal  (India)

lvIEIVIBERSHIP  APPLICATION  FORM

To
The Secretary,
Indian  Society  of Coastal Agricultural  Research
CSSRl,  Regional  Research  Station,
P.O   Canning  Town,  South  24  Parganas,  West  Bengal  (India)

Dear Sir,

I  am  sending  herewith  the  sum  of Rupees

)  by cash/M.O./B  D.  No Dated.....

being  my  subscription  as  a  life/annual  member  from  this  year   Please  enroll   me  as  a  member  of  the
society.

Kindly  acknowledge  the  receipt
Yours  faithfully,

Date    .  ..

Please  fill  up  the  Form  in  BLOCK  LETTERS

Name  in  full  :  Dr./Shri/Smt.

Designation

Subject of specialization  :

Address  for communication

Permanent Address  :

Signature

Telephone  ,

Fax:

e-mall  :

Subscription  Rates

Individual  Annual  Members  :

Admission  fee                              Rs   30/-
Annual  subscription                  Rs    120/-

Individual  Life  Members            Rs    1,200/-(payable  ata  timeor  upto  6  installmentswithin  one  year)

Institutions  &  Libraries
Annual  Members                         Rs   800/-peryear
Life  Members                                Rs.  8,000/-at a  tlme

Note  .   Subscrlption  should  be  sent  by  cash/in o /bank  draft  addressed  to  The  Secretar\/.   Bank  Drafts
should  be drawn  on the S  81,  Canning  Branch  in favour of "Indian  Society of Coastal Agricultural  Research"
Cheques will  not be  accepted,



ANNOUNCEMENT

The  INDIAN  SOCIETY OF  COASTAL AGRICUI,TURAL  RESEARCH  is  happy  to  bring  it  to  the
attention of all workers and students availability of the following monograph at a very affordable
price.

ISCAR Monograph Series  1

Saline and Alkali Soils and Their Management

Bar

I.  K.  BANI)YOPADHYAY,  11.  S. SEN,  a.  MAJI and J.  S.  P.  YADAV

Ft.rst Ed!t!.on                  :   November,  2001

Prtce /hczrcz  bound/    :   Rs.  loo/-(within  India)  only  plus  postage  &  packing  (Rs.  20/-)  by ordinary
post.

US$  5.00  (outside  India)  only plus postage  & packing  (US$  2.00)  by airmail.

What is it about?

The  monograph  has  been  authored  by  very  experienced  workers  in  the  field  of  soil  salinity
management ``/'ith the primary objective to serve the research and field-level workers engaged in
practical management of salt affected soils, at the same time, the students of both undergraduate
and post-graduate standards to get informations to update their knowledge on the subject from
academic  and practical points of view.

It  is handy,  though  comprehensively prepared, with  the latest of information  for

•    Students of undergraduate and post-graduate standards

•    Research workers  to formulate and  plan  future  programme

•    Field-level  workers  for  diagnosis,   characterization,  and  field  design  for  reclamation  and
management of salt affected  soils.

Hurry up and place order till the stock lasts (Order Form enclosecl)



ORDER FORM

To
The  Homy.  Secretary
Indian Society of Coastal Agricultural  Research
P.O.  Canning Town
Dist.  South 24 Parganas
West Bengal -  743  329

Dear Sir,

This is to place order for the supply of the following publication for which the relevant amount
is being sent herewith by  MO/DD/Cash.

``Saline and Alkali Soils and Their Management"
by

Bandyopadhyay and others

The DD may be drawn on State Bank of India in favour of Indian Society of Coastal Agricultural
Research,  payable  at  Canning  (no out  station cheque will  be accepted).

Number of Books

DD/MO  No.

Amount

To be  delivered  to

Date  :

Yours  sincerely,

Orders may also be executed on payment against proforma mijolce.



The  Executive  Council  and  Members  of  the  Indian
Society of Coastal Agricultural Research feel honoured
to  recognise  the  following distinguished  scientists  as

Fellows of the Society on account of their contribution
to the cause of coastal agricultural problems and their
solutions.

I.           Dr. J. S. P.  Yadav

2.           Dr.  S. B. Kadrekar

3.           Dr. A.  K. Bandyopadhyay

4.           Dr.  Mangala Rai

5.           Dr.  I. C. Mahapatra

6.           Dr.  K.  Pradhan

7.            Dr.  H.  S.  Sen

8.           Dr. S. Raman

9.            Dr.  I. V. Subba Rao

10.         Dr.  N.  K.  Tyagi

11.         Dr.  B. K. Bandyopadhyay

12.         Dr. V.  Rajagopal

13.        Dr. G. Gururaja Rao

14.         Dr.  B.  Gangwar



ANNOUNCEMENT

This is to invite nominations for the award of `Fellow
of  Indian  Society  of  Coastal  Agricultural
Research' for the year 2005-06. Two scientists will
be  awarded  the  Fellow of the  society from  among
the nominations received.

The  nominated  scientist  should  either  be  a  life
member  of the  society  or  annual  member  for  the
last  10 years.  Nominations must be  proposed  and
seconded by a member of the society.  Nominations
must  reach  the  office  of  the  society  latest  by
30-09-2005.  All  nominations  in  the  prescribed
proforma  (enclosed)  must  be  accompanied  by  a
bio-data of the nominated member and also a brief
outline of his/her contributions to the development
of agriculture in the coastal areas.

As  per existing rules,  nominations  received  within
the  due  date  will  be  scrutinized  by  a  selection
committee  headed  by  the  President  of the  society
and  the  award  will  be  conferred  on  the  selected
member at the 8th. National Seminar of the society
to be held at CTCRI, Thiruvananthapuram,  Kerala
from  21-24  December,  2005.

Homy.  Secretary
ISCAR



NOMINATION FOR THE AWARD 0F "FBI,LOW"
FOR 2005-06

To:
The  Hony.  Secretary,  I.S.C.A.R.
CSSRI,  RRS-Canning
P.O:  Canning Town-743329,
Dist:  South  24..Parganas,  WEST BENGAL

Sub  :  Nomination for fellow of ISCAR for 2005-06

Dear Sir,

I do hereby nominate

Dr./Shri

Designation

Membership No

for the award of Fellow' of Indian Society of Coastal Agril.  Research for 2005-06

+irocosedbv:

Dr./Shri

Designation

Address

Membership No

Seconded bv  :

Dr. / Shri

Designation

Address

Membership No

I  do hereby agree  to  the above proposal.

(Signature If Proposer)

(Signature of Seconder)

(Signature of noTrrinee)

N.B: All proposals must be accompanied by the bio-data of the nominee and his/her contributions
to  the development of agriculture  in the coastal areas.
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8th  NATIONAII  SEMINAR

a„
ITR^TE®IEJ  FOR  IMPROVED  F^RMIN®  AND
ECOLO®IC^L JECuRITY  OF  CO^IT^L  REGION

af

Centrfll  Plantation  CI.ops  Research  Institute  Kasargod,  Kerala
on 21  - 24 December, 2005

The  coastal  ecosystem  spread  over  about  11   million  hectare  area  of  the  country  is  Impregnated  with  a  variety  of

problems  leading to  lowered agricultural  productivity.  This calls for attention from  all  stakeholders  engaged  in  improved

productivity  in  the  coastal   ecosystem  to  deliberate  and  interact  on  a  common   platform   for  which   Indian  Society  of
Coastal  Agricultural   Research  was  founded   in   1983  at  Central  Soil   Salinity  Research   Institute,   Regional   Research

Station,  Canning  Town,  West  Bengal.  besides  a  variety  of  problem  in  agriculture  and    related  fields  there  are  serious

concerns for security to ecology of the ecosystem.  Tsunami',  for example,  was  a  horried experience  in the recent past

leading  to  loss  of  large  number  of  lives  and  wealth.  Scientists  have  very  little  knowledge  about  its  behaviour  and  the

government and other agencies engaged in this sector have no idea to mitigate this problem. These form the background
for scientists,  planners and representatives of developmental agencies to deliberate and  Interact during the 8th National

Seminar  of  Indian   Society  of  Coastal  Agricultural   Research  to  be  held   at  Central  Tuber  Crops   Research   Institute,

Thiruvananthapuram,   Kerala

VENUE

The   seminar  will   be   held   at  CTCRl,   Sreekariyam,   which   is   located   at  Thiruvananthapuram,   a   beautiful  and   small

seaside  city  and  the  capital  of  Kerala    The  city  gets  its  name  from  the  word,  Thiruvananthapuram  (Thiru-anantha-

puram),  meaning the city of Anantha  or the abode of the sacred  serpent Anantha,  on which  Lord Vishnu,  the preserver
of  Hindu  trinity  reclines    Thiruvananthapuram  is  a  Southern  most  district  of  Kerala  state  and  situated  between  north

latitudes  8°  17'  and  8°  54' and  east  longitudes  76° 41 '  and  77°  17'.  Thiruvananthapuram  has  all  the  modern  amenities

and   the   place   is   well   connected   to   most  of  the   other  major  cities   of   India   through   rail,   road   and   air  network.

Thiruvananthapuram   International   Airport/Domestic  Airport   is  well   corinected   with   other  International   Airport  and

Domestic Air  ports,  December-January  being  the  tourist  season  in  Kerala,  participants  are  strongly  advised  to  make

their  travel  arrangements  at  the  earliest    Dry  weather  sets  ln   by  the  end  of  December.   In  the  days  of  December-

January  the  weather  is  pleasant with  mean  maximum  and  minimum  temperature  being  30'C  and  22°C,  respectively

Kerala  has  a  humid  climate  and  light  clothing  would  be  suitable.

ACCOMMODATloN  (Hotel tariff tentative)

Single D ouble

A/C  (Rs  ) Non  A/C  (Rs.) A/C  (Rs.) Non  A/C  (Rs  )

Maria  Rani  Centre - 150 200

Slvada - 107  50 172

Chlnnu - - - 275

Venkateswara 805 393 920 447

Keerthi - 300 950 510

Chaithram 1035 605 1265 805

Arya  Nivas 948.75 550 1092.50 660

Regency 862  50 483  75 1035 66d



DATE

The  Seminar will  be  held  on  21-24  December 2005   The  last day will  be  reserved  for field  tnp

SEMINAR SESSIONS

Session  1  :      lnventorisation  and  Integrated  management of soil  and  water  resources

Session  2  :      Advanced  research  ln  nutrient  and  crop  management  lncluding  horticulture  and  plantation  crops  and
their  utillsation

Session  3  :      State-of-art technologies for hlgher production ln aquaculture and anlmal husbandry including Integrated
farming  system

Session  4  :      Mangroves,  forests,  agroforestry  and  ecological  security

Session  5  :      lntegrated  farming  with  resource  recycling  and  extension  initiatives  for  sustainable  economy

Bra/.n  Storming Sess/on  ..   Natural  disasters  vis-a-vis stability  of coastal  ecosystem

Sub-theme /..      Past experiences  and  future  threats

Sub-(home  //  ..     Recent  Tsunaml  tide  waves  and  their  effect on  soll  and  water quallty,  life  and  agricultural  losses

Sub.theme  /// ..   Combating  Tsunami damages  and  mitigation  options

Sub-theme  /V ..   Proactive  strategies  including  disaster warning  systems

CALL FOR PAPERS

AH  papers  ln  conclse  form  (Abstract,   lntroductlon,   Materlals  and  Methods,   Results  and  Dlscusslon  and  References,

IImitedto4neatlytypedpagesofsize8'/2X11"with12ptfont,TlmesNewRoman,and1"marginonansldeslndouble

space)  may  be  submitted  ln  duplicate  hard  copy  alongwith  CD  as  weH  as  through  e-mall  to  the  following  address

Papers  lndlcating  the  relevant  sessions  and  written  as  per  style  of the  latest  issue  of  the  Journal  of  lscAR  may  be

submltted  by  31  09  05    There  wlll   be  both  oral  and   poster  sessions    Any  paper  recelved   after  31  09  05  wlll  not  be

considered  for  oral   presentation    The  acceptance  of  paper(s)  wlH  be  communlcated  by  01112005    Partlcipatlon  is

open  to  both  members  and  non-members  of the  ISCAR   The  e-mall  address(s)  of the  author(s)  must  be  provided  for

quick  correspondence.

Hony.  Jt.  Secretary  (lscAR)
Central  Soil  Salinity  Research  Institute,  Regional  Station  Canning

P.O.  Canning  Town,  Dist.  South  24  Parganas,  WB,  Pin  :  743  329

Tel  :  (03218)  255  084,  255  085,  Fax  :  (03218)  255  084

Email:  iscar@rediffmail.com,  cssri@wb.nic,in

REGISTRATION

A  reglstratlon  fee  of  Rs  1000/-per  partlclpant wln  be  charged  payable  in  advance  on  or  before  20112005  In  the  form

ofDDorMO(outstatlonchequeswillnotbeacceptable)Infavourof"INDIANSOCIETYOFCOASTALAGRICuLTURAL

RESEARCH"  payable  at  State  Bank  of  lndla,  Canning  Town  (Code  no    1993),  West  Bengal    Late  fee  @  Rs   50/-per

person  will  be  levied  for  delayed  payment  of  registration  fee  after  20112005

Note      Papers  and  reglstratlon  fees  should  be  sent  only  to  the  Hony   Jt    Secretary,   lscAR  at  Cannlng  Town,  WB

(address  above)   For  au  other  communlcations  related  to  local  matters  (reglstration,  accommodatlon,  transport,  etc )

please  contact the  Organizing  Secretary  at Thiruvananthapuram,  Kerala  (address  below)

Organising  Secretary
National  Seminar  lscAR

C/O  Director

CTCRI

Thiruvanthapuram  -695107,  Kerala



8th NATIONAL SEMINAR
Strategies for improved farming and
ecologicall security of coastal region

To
Organizing  Seeretary,
National  Seminar  ISCAR,
C/o.  Director,  Central Tuber Crops  Research  Institute,
Thiruvananthapuram  -695  107,  Kerala

Sir,

I wish to participate in the National Seminar on .Strategies for improved farming and ecological
security of coastal  region"  to  be  held  at  CTCRl,  Thiruvanathapuram,  Kerala

I  have  forwarded  the  following  manuscript(s)  to the  Hony.  Jt.  Secretary  (lscAR)  :

Please arrange accommodation/transport from Railway Station/Airport/Bus Stand as per details
below.

Yours  faithfully,

Signature

Name

Designation

Address

Tel:

E-mail   :

Member  of  Society

(lf yes,  membership  No.)

Accommodation  required

Nature  of accommodation  :

Moderate/Deluxe

Spouse  ,

Arrival  schedule  (Train/Flight/Bus   No.)

Presentation  of  paper

Registration  Fees  submitted

Yes No

Yes NO

Single Double

M D

Yes No

Oral Poster

Yes No

please  send  this  Form on  or  before  20.11.2005.


