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IUTRODUCTION

Agriculture in India depends con varying soil types,
vater resources, temperature, surshine and labour. The
country nas an area of 165 million hectares under culti-

vation, out of this about 30 per cent of the land is

under irrigation,

The present cropping intensity 1s about 120 per_cent,
This can easily be stiepped up to 200 and even 300 per cent
if wvater is made availanle to irrigate the second or

thaird crop wnen the monsoon ceases. The entire water

reserve or about 100 mnm (million hectare meters) is exp-

ected to be harnessed in the next 12 to 15 years. At that

time, the total irrigated area woula be about 50 per cent

of the then gross cultivated area of 210 mwrllion hectares.

The total agricultural production from tne current

gross cultivated area of 165 million hectare 1s arouna

150 millior tors. This means an average vield of less

than 1 ton na—l, while China's average 1s around 4 to&xa_l,
Thas means that we also have a very high potential. To
attain thlste have necessarily to increase the cropping
intensity.

Thas can be done only by extending Lhe results

of a well plammed programme of cropping systems research.
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<erala's rice farming situations and systems, when
examinca agairst 1ts ohysical resources viz. nature of
~he raice lerds, vater resources available, intensity of
radiation 11 the major seasons ramelv virippu, mundalan
«nd puncha, reveal trotbt tnz ¢wate offcrs in_numeraple
veriability in these factors. The nature of the rice
lands or the State lends tncmselves amenable to antrocu-

ctiorn of difrerert croos such as pulses, sueet wvotato,

regetabl 3/grren manurs crors cte. 1n the summer secason,

hiale tney could be cultivated to rice in both the vira-

—»ou and lhe murda'ar seasons. Kerala's major rice tracts

are sicugted an the “1lond plains of the rivers and var -~
ous 11bbon v2llc,s rurring in east- cst direction witr
several orancres occasiorelly in the north-east cirection
2> vell., These lands have their central vallev koltors
su *able ‘or mu.lcociple crovoirng with rice-raice-rice. In
fact, ar many c¢xr these lanas croos other than rice even

1in summ=zr Jjould pe impossible. Tne frances and boundaries
cf tnese inrton va leys wh.ch arc slightly elevated tran
the valley boctoms ao not have enough water available for
-

a raice cromw in summer. Tnese «re the traditional rice fa-

T_0ois or Kerala ain summer., But they have surficient resi-

JUual molsTire ror© a sumner ~ulse Crom Or a green manure
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in a rapid turn-over of plant nutrient in

the soil plant system. In this context, the sustainability

ilgh intensive crarnning on a long ferm hasis has also.

—

to be examined to arrive at suitable cropping seguences.

fgain growing of different crops in a seguence under high
"ertility conditions mav create nutrient build-up or

cenletions with reference to particular nutrients. The

{

’

magnitude of such accumulations an

d cepletions depvends on

the nutrient involved, tvpe of soil, nature and intensity
of cropping and amount of fertilizer added. Thus, the

dvnamics of the nutrients in the



system requires to be studied in intensive cropping
sequences. Fertility management in such satuations
becomes sustainable, 1f it would make the least demand

on the soil., In this context, the nutrient balance sheet
approach of Sadanandan and Mahapatra (1973) i1s probabay

the only recourse to such studies.

For Kerala's rice farming situations, there exaists
a need To intensively study the nutrient balance sheets
and nutrient dynamics, when cropped with several seguences
under high, medium and low fertility management condations,
An attempt has been made with this objectiwe to study
some of the seguences under different fertilizer management

system in a continucous filed experiment. This study,

thus, lays emphasis on the following aspects.

i, Locating the most suitable and efficient cropping
sequence which produces the maxaimum yield per unit
area per unit time with optaimum %k utilisation of

inputs and natural energy sources.
1i., Determaning the effect of various crops of the cro-

ppang sequence on the fertility status of the soil,

1i1. Determining the fate ¢of the nutrients in the soil

cdue to different @mrops.
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Finding out the uptake of major plant nuctrient
by differert crops in the varying cropping patterns.
Wor<ing out the balance sheet of plant nutrientc

in various treatmerts and sequences.

Working out the economics O VarioOus Cropplng

sequenceSand treatments.
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Th= licerature neridininc to the vresent investi-
gation "NMitrient cynemnics in the rice based cropplng systems!

f~om the noint of views of the effects of cropping systems

on soil fertilaty, crop yielas and economic feasibility

1 revinvcead heload,

1 2larnt nutrients 1n so1l

(» Mitrocen

litroarr occurs in miny different forms in thec soil.

The inorgenic nitrormen 1s vresent as ammonium, nitrale
and nitraite forms. The amount present in these forms

constitutes less than tvo per cent of the total nitrogen,

Ltne palance being in orgarac {orm.

‘Mitsuir {1955) reportea that on aryving ihe soil prior

to flooding, ~lmost double the quantity of amrmonia is

released.

Sinba (1957) reportec thal the arplication of phos-

nhorus 1mprovea *he avalle~bilit; of nitrogen in soxrl, while

K avrlic~tion snowed o depressing effect on nitrogen

sarplying nover nf the soil.

Diga~ {(.960) revortea taist lateritic soils voor i-
tertilaity status re-~ronaed iell to the arnolication of

nitroacen, wvhoscthoras and ocganic matter.



Ponnamveruma (1964) revoried tnat submerged soils
vary widelv ir their capacity Lo produce ammonla. Soils
rich 1n orgeric matter on submergence rapidly release
amnronia wnich attarps a concentration exeeeding 300 pom

NH?uN wvithain 30 cays. Solls low 1n organic matter pDro-

ueze orly sniller amounls or ammonia.

Ponnamcerurna (1965) reportea that 0, form 1s the
mos. urstable and within a few days of submeraence, the
entire O, 1= 'o~ 135 » ~mzutal nitrocen by denatrifaica-
LLon.

Lavagachl anl Fasracni (1966) opined tnat total
ritrogen n Tro»nical rice solls was denerally lower than
temperate r-qions,

Battacnarcsac (1977) cobserved an i1ncrease in the
e.charceapn c I, " 1n many soils on wvAat~rlogging. Thas
whe ettriouten to the expansion of the ¢ ystal lattice
of clay mirerals. 2= a result of wrich wvarti of the fixed
ammonaiacal nitrogcn 153 1eleased.

Paul ara lwyers (1971) observed thai clay content
of soil had a considerable influence or the nitrogen up-
take and vield.

Venkata Rao and Badiger (1971) reported that nitro-

geneous rertilize~s were almost completely utilised,
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Appreciable increase in avarlable nitrogen content ain the
s01l could be expected due to the application of ritroge-
nous fertilizers.

Ponnamperuma (1275) reported thal denltrification
loss of nmitrogen can be minimised by keeping the soil con-
tinuously £flcoded and this may be the reason for the sub-
merged soils to be more fertile than upland soils.

Prasad abd Jha (1973) reported that due to continuocus
croppang there had been a significant loss of soi1l naitrogen

and that the loss was more with high levels of nitrogen

application.

Esakimuchu, and Krishnamoorthy, (1977)
rerorted from pot culture experiments with rice that water
soluble ammoniur was high at planting and vegetative stages

while exchangedble ammorium was high at vegetative stage.

Chandler (1979) reported that rice grows best in soils

that are coniinuously submerged from the time to planting

until crop maturaity.

Mandal et al., (1982) reported thal after five years
0Z sequential cropping of jute-rice-wheat, 2bout 18 per cent
leoss of N was seer in the control plots, followed by 15 per
cent loss in 50 per cent NP% treated plots and 10 per cent

loss 1r 100 per cent NPK treated plots.
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Subbisn and Proand Pao (1983) recorted that the

untake of nitrogen by the rice crop slowly increased

)

en 1lncrease

upto panicle initiation stage, with a s

T
D

remained more

,

r less constant at

harvest:

Mohankumar and Singh {1984) reported that

n=2n in continuously flcoded ones

Dancies ~k 50

. . 155, while zuudying the available
shus and ©H of submerged rice soils a3t vary-
environments, report=ad that there was

slight decrease in N4

n WH - content of the so0il as a result

of rice cropning. Pesponse to nitrogen application and

atter proguction was also nobed with

d the distribution

of different forms of nitrogen in the desert soils at

Nevada Test site and in the sub-surflface found that the amonr!

(O]

was greater in surface layer and usua-

1lv decressa2d very sharnly with depth.

Sharma and Mishra (1988) reported that nitrogen

arnlicotion irncreased the amount of MH, =M, whereas P and K



o
had no effect. &pplication on nitrogen caused slight
decrease in available P content of soil as well P con-

centration in soil solution.
(b) Phosrhorus

Rice 1n some soills do not regpond to phosphorus,
whereas the upland crops show a response to this nutrient.
Lack of response is due to an increase in the availability

of phosphorus 1n wet land soils during submergence for

rice cultivation.

Ponnamperuma (1955))1n a study on the phosphorus

transformations under submerged condition, dbserved an

increase in avairlable P and attributed this hydrolysis

of ferric and aluminium phosphates.

Chang and Jackson (1958) reported an increase in
the phosphorus content under submerged conditions which

may be due to the release of soluble P caused by reduct-

1on of occluded phosphate.

Shapiro (1958) reported that f£icoding increased the
avairlability of soirl P and paddy utilised P more effici-—
ently under submerged condrtions resulting in an lncre-

ased uptake.

Basak et al., (1960) reported that ipcrease in aval-

lable P ir waterlcgged conditions was through the reduction

of iron and aluminium phosphates.
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David (1964) reported that unless a soil 1s defici-
ent 1n P, yield response to P fertilizers in field experi=-

ments could not be dbtained.

Patrick and Mabapatra (1968) reported that insoluble
iron phosphates that were nol readily available to plants
in vell drained soils undergo transformation to a more
soluble ferrous form in waterlogged conditions and act as

a good socurce of P to low lard rice.

Mahapatra and Patrick (1969) reported that Al-P and
Fe-P generally increased and reductant - P decreased as a
result of waterlogging. Ca-P was relatively unchanged.

The extractable phosphorus also increased due to wateo-

lLogging.

Cholitkul and Tyner (1971) reported that Fe-F and
reductant soluble - P were the most abundant inorganic P
fractions comprising about 19-35 per cent of total P. Al-P
and Ca-P comprised about 4~5 per cent respectively. AL-P
was the major plant source and Fe~P was found to be the

next available form.

Khanna and Mahajan (1971) reported that more than
half of the phosphate added in acid soil was converted to
Al-@, 47-73 per cent at pH 4.7 and 35-36 per cent at pH
6.6 followed by Fe-P with 18-44 per cent at pH 4.0 and

17.34 per cent at pH 6.6.
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Srivasthava ana Pathak (1971) renorted, in their study
of UP soils, trat the added P in the soil kept at field capa-
city moistare for three days can almost completely be reco-
vered as snload-P, Z1-P and Ca-P. Recovery in the form of
reductant P and occluded P was very little. When the soil
v1s fractionated 100 days after P application, 1t ivas obser-
ved thAat as time elapsed, the saloid-P and A'-P changed

gr~dually to Fe-P, shich vas the least soluble among the

different fractions.

¥er (1273), an his study on the availability of aron

and aluminium phosphates irn acid soils, nas reported tnat P

release increased with increase in soil phosphorus status.

Bedrna (1974) reported that in acid soils, 90 per cent
of the applied phosphate was transformed into aluminium
pnospnate and 'ron phospnate,

Tnrkkur et al., (1975) observed that Fe-P fraction
formed the major portion of the i1norganric P fraction. Al-P,

¥Fe-P and Ca-P fractions increased at both at flovering and

narvestaing stages of raice in all the *reated plots. Maximum

transformetionr 0f anrlied P into «l-~P, Fe-P ard Ca-P was
obsarved 1n »lo-s receivinrg ine highest dose of P. There
Wwas no avpr=clable increase in the reductant soluble P fra-

ctron even where tne hignest dose of P v~As applied.



singn and Stngh (1373) reporeed thae tThe increase in

al-2 a. 1mitial staces of wateclodggliag may be due to the

transformacion of Ca-~P to this form hecause of the reduced

condicion. The decreased AL-P at the secoad and third

stane during watecslodggLng may pe Jue to the transformation
of Al-P to U'e~F because of tne lower solubility produci of
1con phosprnatce.

Mandal «nd Knhan (1977) snowed that 60 to 70 per ceat

of Lhf applicl ¥ wus found Lo remein in soals in Lired forms

as I'e~P ana ~1-P aven after the harzvest of rize plants.

Singnania znld Goswamu (1378) reported ithat the P

I

appliad wo c12e 1inc_eased the Al-2 ana Fe-~P fraccions in

laterice soils.
Sha.ma ano Trl,atni (19¢84) sioved chat Bray's metnod

entracets © muinl s from Al-DP followed by Te-P {fractaions.

Tadvsarsry et al., (1985) reported that of tne

fertilizer P lefit an tne soil after the narvest of cLops,
was founa ctransformea into Al-P (32.7.), Fe-2 (10.9%),

Ca~? (504) and reductant P (354).

Hahimairajfl, ana uayalagu {1985) reported that pro-

longed submergence caused an increase in the availabality
of 1e 1in 501%’practlcally benefitling the rice crop. This
suqgest the ndcessity to auply Fe (29 kg ha_l) along with

(62 kg na™t) to get higher yields along with d and <.



Sharma ard Misnra (1985) reported that when soils

are subwerged, tne availanle P content of soil increasec

raprdly Jduring the first 10 days, f£ollowed by a gradual

1ncreage atcaining a maximum value by 30-40 days and then

decreased slo /.

Dillen and Dave (1986) reoorced that wath lncreasing

levels of P apnlication, ihe concentrat-ion of saload P

and Al-2? in soil increasel siguificaitly. The eZfect was

worc marhed during thoe initial staqges of incubakion upto

seven days. Boun saloid-~-P and Al-P recorded higner values
under field capacity; condition as comnpared to flooding.

The concene of Ca~P continued to be hagher in soil at field

zanacily than al flooding afler seven days of incubation.

Sarkar et al., (1985) reported that due to submer-
gence, phosphate pouentials decreased with consequent incre-
ase 1n soil prd and 1n hydroxide potentials of Al3+

Fe3+

and

Yaduvanshi et al., (1985) re~orlLed chat the major

portion of the added P, unutilised by the wheat crop, gets

converted 1nco ?1-P (41 per cent), followed by Fe-P (23.1

per cen.). The transformacion into Ca-P vas of lower mag-

nitude (16.3 per cenl). Witn limng, a mcrr<ed decline in
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the conversion to Al-P and Fe-P was noticed., In the
lack of addi+*ion of ferti aizer P,depletion an Feop ana
21=P occurred in the so1l, Al-=P and Fe-P were relaled
with availaole~P an soils

Prasaa et al. (1986) reported that lowland soils
contained higher amounts of all the inorganic fractions
of P tnar those of upland soils. Among the different
inorganic fractiocns, the average relative abundance was

in the oraer Red-P>»Fe~-P7Al-P7Ca-P,

Sudhair <+ al. (13987), from their <tudics on long
term fertilizer experiments on molliscls, reported that
NPK fertilizers increased tne soloid-P, Ak-P and Fe-P,
reauctant soluble-P and availlable P status of soil.

Fe-P showed the haghest 1increase.
(¢)  Potassium

Tne gro~ing cromns require adequate potassium
supply. The potassium concentration in soil solutior is

in equilibrium waith the potasn reserve of the soil.

Ponnarmrperuma (1965) revorted that submerging the

so1l enhances the release of exchargeable potassium in

the soi1l. he also reportca that increase in exchangeable

potassium after submergence 1s highest in strongly acid

latosclic soils rach in iron. The increase in the
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solubility of notassiun under f£looded condition helps
to increese greater availlability, at the same time caus-

ing higher leaching losses.

Wwu (1960) reported that the rate of replacement
of non-exchangeable to exchangeable potassium 1s more

raprd undcr submergea conditions than under upland

conditionse.

Mahapatra and Rajendra Prasad (1970) reported
thit n escnargeanl  raota ~1um contr ol of about 0,2 me/

100g of soi1l 1s satisfacteory for raice,

IRRI (1963) report shows that displacement of
potassium from the clay complex greatly increases the

concentration of notiszium in soil solution.

Verma and Verma (1969) revorted a positiven
correlation bet een available potassium and organic

carbon ir allwwial soils.,

Thomas {(1964) shoued that in the top layers of
forest soils of Kerala, tne potash content varied from
0.18 to 0.37 per cent,

Mehrotra and Crulalae singn (1970), while study-
ing the surface soils of Himachal Pradesh, reported that
aprroxamately 61,95, 31,06, 0,18, 0.6 nd 0.1 per cert
of tne total potassium were present on HCl soluble pot-—

assmum, fixed ~otassium, respectively sere noticed in

these soils.
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Rajakannu et al., (1970) reported 1,67, 0,53 and
» 0.46 m/100g of available potassium in black, red and

alluvial soils, respectively,

Islam and Bolton (1970) reported that most of the

non-~exschangeables potassium was removed from unlimed soils

between PH 5.5 To 7.

Primaves: and Pramavesi (1971) reported that dry
so1l on subrergence 1ncreases potassium levels in soal
solution.

hwobkyan (1972) reported that the effectiveness of
potassium fertilizers was relatad more to the saturataion
of the exch-nne complet: with potassium and to the 10nic
activities of agueous extracts prepared with or wihhout

satur-taion wiln coz ara to the potential ca»acity of soil

with resrect to yotessium,

Talalx et al., (1974) reported thet epplicaticn of K
fertilizers irfluences the available and non-exchangeable
potassium content of soils.

Sreedrvi nd  17.r (1974) reported comparatively
nigh values of totcl, excnangeable, difficulcty exchangeable
ann FC1 solunle poteseium an Kari, Karspadam and Kayal
s2711ls of Kutanaa,

Pam and Sanch (1975) founo th:t available potassium

was vogitively end significantly correlated waith pH.
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fartine and Saiarez (1977) reported that potassium
fertalasarion increasea the exchangeable potassium fixed

and decreased tne non-excnanceable potassium released.

Tsakaimathu et al., (1977) rerorted trat water-soluble
potassium v 38 nighest durang floweraing stage, vhile exchan-
geaole potassi m was high auring transplanting stage. Nor-
»schangeables porac~sium wes founa to be high during post
harvvest stace,

Pamanaciar (1978) reroricd hat ritric acid ertract-

akla X 2s closcly related to plant uplake.

Pemaritnar and Subpain (1278) rerorted the influence
of nitrogen ard mhospnarus on potassium application and

potassium upralke ~s distinctly pronounced at the tillering

srage of raga.

Lichrer (1979) reported trnat the potassium content

in the dry metrer of grass sword was cependent on the amount

of available rotassium 1n soal

-

3ubbirac and Ghosh (1983) renorted that under conti-

l
ruous cronring, available rotassium sho'ed a significant

positive rel=tionshin witn yvield.

Kapur, € 1., (1984), unile studying the potassium
rcspnnse of maize and rmeat, reported tnat the crop response
to anplied potessium will pe more in soils low in available

potissium.
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Ganeshamoorthy and Biswas (1985) reported that conti-

nuous croppiag did not affect the exchangeable K content of

soxl.

Singh et al., (1985) reported that sounls of Haryana
contain 1,02 to 0.02 per cent total K, 916 to 4638 ppm HC&
soluble K, 131 to 675 ppm nitric acid soluble K (Neutral

normal Awmoniam acetate extractable K}dls to 197 ppm and

2.38 ppm water soluble K.

Singh et al., (1986),while studying the K transfor-
matlon%’reported that a large portion of applied K was
transformed to non-exchangeable forn?followed by exchan-
geable and water-soluble forns.

Sahu and Gupta (1987% while studying fixation of XK
in some alluvial soils under alternate wetting and dcying
condaitions by applying potassium at different level% found
that 31 to 65 per cent of the added K was fixed. Fixation

1ncreased with increasing levels of K application.

Gaj.bhiye (1988) reported that both Tnceptlsols and
éntisols appeared nearly identaical in the distribucion of
K 1n various forms)but there existed considerable varia-
tron at serwes level whicnh may be considered in the manage-

ment of K fertilivy prcblems when taxonomic information is

used for profitable agriculture.



IT1 goxl pH

The soil pH 1s one of the important soll properties
that controls the soil fertility. The pH of submerged
so1l has a marked influence on 1ts capacity to supply nut-
rients through i1ts direct effect on nutrient absorption,
concentracion Of nutrients in soil solution and indirect
effect on chemical equilibris as well as sorption, desor-
ption and micrdbiral activity. All these effects have mar-

ked influence on the absorption of nutgcients by rice crop

under submerged conditions.

In submerged soils pH influences the concencra-
/4

tion of iron, manganese and aluminium. At hagh pH rice

suffers from iron deficiency and at low pH 1t is affected
by iron toxic.ty {(Ponnamperuma, 1955; Tanaka and Yoshada,

1970).

Yamada (1959) reported that potassium and phosphorus

deficrencres are induced by excess 1ron.

Schatscnabel (1971) studied the causes and nature of

8011 acidity and indicated that soil pH less than was

N
governed by release of protons in soil solutions where as

high pH values are associated with anological reduction

of COZ’ Increase 1n pH of submerged soil also results in

decrease 1n concentration of Mg, Ca and Mn.
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Moore (1972) reported that nutrient absorption by

plants 1s maximum at pH 5 to pH 7. |

Boyer {(1976) concluded that exchangesble aiunanlum
was present in tropical soils wvhen the pH dropped below 6.
But toxicity develops only at pH values below 3. TheQmech—

anism of toxicity is often zndirect through the inhibation
of P and Ca and staimulation of Mn uptake.

[
Alige Abrzham (1984) studied the status of exchangea-~

ble aluminium i1n the acid rice soils of Kerala and reported

that many of them contain Al 1n toxic levels.

|
Helder and Mandal (1985) showed that lime requirement

values are generally correlated negatively with pH and

1
positively with exchangeable acidity, and exchangeablé &l

in soils of most of the regions. |

Ananthanarayana et al., (1%88) reported that pH value

can be used as a useful index for predicting the phosghorus

retention capacity and buffering reactions undergoing in

solls. |

l
|
The optimum pH for rice production 1s about 6.6. At

this pH, organic matter decomposition will be high and

l

microbial release of nitrogen and phosphorus from organic

matter will also be high.
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Pice-based cropping systemr analysis

(a) Cropoing systems suited to rice areas

Long term experiments have revealed tnatirthe soil
|
1s exhausted by continuous cropping and as such yield
!
declines. To overccme this, suitable cropping systems

have to be 1dentified for better soil management and

thereby provide a better economy for the farmers.

|
Lar (1855) reported that continuous cropping w%th
rice alcone incregses soi1l aciditye.
Mohand and Tingh (1968) have found that continous

|
cultivation with rice decreases organic matter content of

|
the sozil.

Naair ard Sangn (1971) reported that in field exp~
erizments on rice-based cropping patterns, the ava11ab¥e
nitrogen and organic matter content slightly increased.

Sadanardan and Mahapgtra (1972) reported decre%se in
501l pH in rice-jute and rice=rice Cropping patternso’
Several experaments have been conducted in different parts
of India to find out rice-based cropping systems suited to
different areas.

Sadanandan and Mabhapatra (1972) reported that the
maximum net profit was obtained from the crop sequenci
potato-rice-rice during the year 1967-68 and 1968=69 at

Central Rice Research Institute, Cuttack.
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Tripathi et al., (1973) have reported rice-rice-

maize 1s suiltable for the latecite tracts of West Bengal.

Out of cthe different cropping systems trizd, rice-
rice-caploca and rice-rice-bhindi gave the highest yield

in field experiment conducted in AICRP (1977).

Purushotnamg{1979) suggested rice-rice-greengram

on the best suited for Coinbatore.

Sasidhar and Sadanandan (1930) reported that‘amonq
the five rice-based cropping sequences, rice-rice-cowpea

gave the hignest yield ol rice.

Vedaprakash et al., (1982) dbtained tne highest

-
f1t cost ralios using
\

rice-~chick pea rocalion, followed by rice-lentil, rice-

average annual net return and beg
L4

f1eld pea and rice~wheac sequences.

Budhar ec ?}" (1985) found that growing greengram
as a pure ccop and relay growing of cotton intercropped
with covpea wes most economical than growing greeagrass-—
sorghum + cowpea in the dcy lands of Dharmapuri. For S1

and \E monsoons, the Sequence greengram-cotton + cowpea

Or greengram-sorgnumicowWped was most economicil,

Yadav and Singh (1986) dbtained an increased yield

of wheat crop after a Rnizdoiume-anoculated gresngram or

|
blackgram. |
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Sharra et al., (1987) reported that cowpea, greengram

and blackgram could be grown successfully in monsoon seasocn
|

without adversely affecting the succeeding wheat yield. The
grain yield of wheat increased when legumes were grown for
green manuring or when blackgram stoves were incorporaéed
in the soil afier picking up pods. This practice saves

40-80 kg/ha nitrogen application of succeeding wheat.

Verra et al., (1987) noticed that rotational crogplng

of rice-wheat and cowpea 1s good for maintaining fertiflty
status of soil.

|
\

Marapatra et al., (1987) showed that highest yield
was cbtained with rice-potato and was the most efficient
|

sequence. Single crop rice 1n rice-rice was the most

|
inefficient one. Highest net profit was obtained with rice-

potato in Oraissa.

|

Ganguar (1987) reported that pulses, oilseeds and
cereals performed well in residual soil moisture during
rice fallows 1n Andamans. This indicates that intensive
cropping is feasible in Andamans and cropping intensity
could be increased by 200 to 300 per cent. Of the crop
sequences studied, rice-blackgram, rice-sorghum and rlcé~

rice~greengram gave highest yields. |



Patel et al., (1987) found that rice crop (Jaya) trans-

planted 1n July after ccwpea and fertilised wath 100:50:50 Kg
NPK per hectare yielded 4 tons ha t. H
Sahu et al., (1988) reported that rice-pea nut and

3
rice-blackgram had the highest total grain yields, clcsely

followed by rice-wheat.

Selvara) et al., (1988) reported that a rice-~based

cropplng sequence with sesamum, pearl millet, turmeric

and cotton gave the highest net profit with a cost bene~

fit ratio of 1:1:5. The sequence c¢ould increase the ricel

production in the region by 174 per cent.

Biswas et al., (1988) obtained the highest yield

of rice in a potato-rice sequence. Rice after mustard

and fallow gave rdential yields.
Uttaray et al., (1988) reported that rice yield was

|
higher from rice~peanut sequence than from a rice-wheat

sequence.

(b)

Physico-chemical properties of soils as affected by

cropping patterns

Long-term experiments have revealed that constituent

crops 1n a rotation and their management have marked effect

on the various physico-chemical properties of soil.



1) So1)l organic matter and nitrogen

¢

|
Organic matter status of soil 1s considered as an

1ndex of 1ts fertility. Under tropical humid condicions,

|
calrivation and cropping exhausl the soil organic matter

I
more rapardly and che produccivity of the sorl declines.

Salter and Green (1933) reported that crop rotations

|
including legumes maintained organic matter i1in soirl at lan

optimum level.

Merchandan. and Kran (1953) have suggested the

inclusion of legume in cropping sequences for maintairing

gecod fertility level i1n soils.

l
Nijhawan (1063) reported that continuous cultlvat&on
1n a soil did not braing any change in total nitrogen contentc
|

2l f

of the
|
Mohand ard Singh (1988) reported that continuous cul-

tivation of ricr deccreased the organic matter content of

sorl. p
|
Sharma and Saxena (1970) found that under double

|
cropped segusnces, a positive balance of nitrogen could

{
be maintaiaed., ;

. |
Prasad and Jha (1973) reported that organic carbon was

srgnificantly reduced due to continuous cropping with dwarf

|
rice.



Nair et al., (1973b) obtained an increase in availa-

ble nitrogen ard organic matter content of soil due to che

cultivation of leguminous crops. |

Singh and Moogthy (1974) showed that the available

|
nitrogen was better maintained in mung-rice-wheat thanJin

fallow=bajraw-wheat or fallow=rice-wheat sequence.

Sadanandan and Mahapatra (1975) have reported a maxi-
mum decrease 1n organic carbon content of sorl due to con~

tinuous cultivation of rice as compared to other cropping

patterns.

\
According to Wivutronguania and Tivawallee (1984),

multiple cropping systems deplete the soil fertilaty &1 ff-

erently, soil organic matter being depleted under all cro-

pping systems. However, it was slightly enhanced where

|
legumes were included. |

|
Hati and Ray (1984) reported that the nitrogen con-

tent of so1l and plant yield of inter-cropped ragi was
found to increase in the study on pigean pea~-finger millet
inter-cropping systems. From the results of wheat yleﬂd
and status of soil nutrients after eight years intensivie

I

cropping. Mandal et al., (1984) showed a declining trend

in organic carpon and total nitrogen content of the soil.
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Deka and singh (1984) showed that total nitrogen and
I
organic matter content ancreased in all crop rotations

except in pure cereals (rice-wheat).

A decrease in total nitrogen content of soil after
wheat has been reported by Yadav (1985). Aaccording to

Yadav and Singh, (1986), succeeding wheat after blackgram

gave higher yield due to nitrogen fixation leading to a

saving of 30 kg nitrogen/ha for the wheat crop.

Azam (1986) proposed that growing legumes in the

cropping system can increase mineralisable nitrogen in sdil,

{
Chaudhury and Veeham (1985) reported that the total
nitrogen content of the soil remained unchanged after I

continuous cultivation of rice.
|

|
Prasad and Palaniappan (1987) have reported that when

!
the residues of the preceding crops in the cropping system

are inccrporated into the soil, an increase in yield and

fertility of soirl could be chtained. |

Sabhu et al., (1988) cbserved an increase i1n soil

!
|
3
b
E
organic carbon under various cropping patterns. The least

increase was noted in rice-wheat, sequence and highest, in

i
rice~cowpea seguence.
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11} S0l whosoherus

Cult.vat_on of crops singly or in sequence may not
have anry effect on the total phosrhorus cortent of soil.
Sadanandan ana Manawvatra (1972@)reported tnal there wis

no roticeakle gain or loss of total phosphorus in all

cropping ovatterns traieda,

~T the sare time, there are other reports which show
that continuous cultivation causes a change in available
rhosrhorus stawus of the soil. Sturgis (1957) reporied
tha* aue to contiuous cultivation of rice, the available

rvhosohoras content of soil was reauced from 12.5 to 4.5 ppm.

Grosh ara Kanzaria (1964) obtained a higher status
ol available vhosvhorus under a conlinuous cropping svystem

in »lots wnicn received suverphosphate.

Naar et al, (1973 a) reported that there was an incre-
ase otf avai.aple prosphoras i1n solls, wnen leguminous crops
were grovwn in multiple cropping.

Singh ara Pamamoorthy (1974) reported that the avai-
lable pnosphorus status of soll was maintained better under
mang-rice-wheat tnan under fallov<bajra-wheat or rallowe-
rice-whneat,

Raghavala anc Sreeramamoortby (1975) recorded a slicht
increase .n avallable phosphorus at the ena of three vears

in 2ll the rotatiors i1nvolving cereals and pulses.



Nad and Coswaml (1984) regorted that continuous apos-

‘iyawa”ee (1984} found that in'a

year exgerient, the application of P fertilisers fox
wwoe consecutive yoars gave a higher soil B for the thizd

P

Mancdel gt 2l, {1984) noticed that due to continuous.

appreclable build-up of available P in so0il has occurreds,

@

Yaduvansghi et al, (1985) reported that after f£ive
years of continucus cropping and manuring in a long-term
tiliger expeﬁim&nte the net gain in soll P progressively
Leproved with increasing dosgas of P application.

Rana et al,, {(1%84), from their study on crop yields



From his sta?y of the differenc cropping systemg

Yadav (1985) reported that the available P decreased from

)
18.4 to 14.5 kg/ha.

i
Sagar et al., (1988) nave stated that in wheat-rice
rotation, fertilizer should be applied Lo wheat rather‘

than to rice and that 1f wneat receives adecuate P appli-

cation over a period of time, P application to the rice

can be reduced. P wvas more available after rice harvest
{

than arnter wheat harves., because soil P 1s more available

1n suabmerged than in aerated soils. ‘

Verma et al., (1887) reported toat continuous cro-

onlng 1nacreased P status ovaer the initial value, when P

|
J

was applied in cthe ccropping sequence.

Gill ec al., (1987) reported thal i1n che case of
groundnat~wheal and greengram-wheat crop sequences grovn

in soils low and medium 1n phospnorus, both groundnut and

[
greengram responded w=ll to phosphate application and had

mzrked residual effect on the succeeding wheat coop.

Sahu et al., (1988) reporced tbat available P and

}
exchangeabla £ deccreased in rice-blackgram sequence, where
there was mazimum gralin production.

111) Soil potassium

i
Sturgis (1936) reported a reduction in tue exchangea-

I
ble potassium content of so1l due to continuous cultivation

of raice.
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and Mahapatra (1972 a) reported that after
completion of each rotation, the total potassium content of

the soll decreased, the maximum decreas

e
=

e being observed
continuous cultivation of rice.

i

reportaed that the available potash decre-

ased with increase in cropping intensity.
Chosh and Kanzaria (1964) reported that there was no

change in total potash in soil by continuous cultivation

with addition of motossic [ortilize

., (1973 b) found that the available pota-

lightly imnroved when leguminous crops were

N .
h) reported that in

e, the was a slight gain

found that availabls

mung-rice-whaat than

that exchangeable pota-~

'
-

ssium decreased under continuous crovping for four vears

“

Raghavalu and Sreeramaloorthy (1975) reported that

in all reotations invelving cereals and pulses, the availa-

i

ble potassium status decreased.



Cu

Verhatesh et al., (1982) showed that after six years
of cropping, rice-vheat cowpea along witbh fertilisation

the availeble £ was still the lovest in soil.

Wivutronguaria and Tivawallee (1984), from tne
resulls of fertilaty changes under arffeient maltiple cro-
pparg systers, reported that availeble K was relatively

rroher in 01l after three years.

Mandal et al., {(1984) reported that continuous 3 o-
pp1ng «nd manuring in a jute-rice- sheal rotation increased

the availeble K status of socil ir plots which weie fertilised.

Yaguvansnir et al., (1984), from the results of nutri-

ent balance studies under cropping sequence in acid hill

shoved that HC1 solible K increased wvith nigher doses of ¥

fertilisation.

Verrae ev al., (1987) reported that continruous croppinrg
conpled watlh ferlilarzer application resulted in only sliaant

decrease 1 availaole K was lesser. The decrease in plots

dhich received potassic fertilicers vas less than Lhose

vhicn dad rot receive 1t.

n

abu et al., (1988) reported a decrease ir tne availa-

ble < ard esncnangeznle £ ir rice-blackgram sequence wheie

the grain —roduct.on was maxlmum.



A change in the biotic conditions can be brought
about by the differentizal abscrption of nutrients by plants
and by their excretions into the soil. The preferential

absorption of cations and enions by growing plarts may cause

Kanwar and Prihar (1962) reported that continuous
cultivation of crops that use ammonium results in the lower-

ing cf =soil pil.

Sadanandan and Mahapatra (1972a) reported that

maximum decrease 1in soil pH was in the cropping pattern rice-

jute~rice and rice-rice,

Lal (17373) reported that soil pH decreased with

increase in crop intensity from 100 to 400 per cent,

Raghavalu and Sreeramamoorthy (1975) reported that

reduction in pH at the end of three years in all crop rotations

involving rice, wheat, greengram, maize, bengalgram, bajra,

barley and blackgram,

Juo and Lal (1975) reported that continuous cropping

or three

-h
0
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D
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resulted in decrease in scil pH,

Sasidhar (1979) reported that continuous cropping

rice sSequence causes more
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sabu et al., (1988) reported that rice-rice-cowpeal
reccrded leas: soil acidity and gave good grain productl?n.
He also reported that fallowe-rice-rice produced less acidity

in soi1l than ary other cropping systems traied.

(V) Organic carbon l

Poyser et al., (1957) reported that there was an

|
over~all decrease of 27.5 per cent organic carbon during

25 years of cropping. Doyle and Halmlyn (1960) reported1

that a reduction in organic carbon content Of soil takes

|
place as a result of continuous cropping.

Sadanandan and Mahapatra (1975) alsoc reported that %

|
there was a decrease 1n Organic carbon content of soil due

to continuous cropping. The maximum decrease was observeb

|
in rice=rice~rice sequence.

Sasidhar and Sadanandan, (1979) also reported that

continuous cropping affects the orgenic carbon content ofl

soLls. The maximum decrease was cbserved in rice-ricey

sequence. The least was noted in rice-rice-cowpea/pul ses.

|
Mandal et al., (1984) reported that continucus cro-

pping decreases the organic content in soil. !

|
Deka and Sirngh (1984) reported that organic carbon

|
and total nitrogen content decreased in soil after conti- |

ruous cropping for eiaght years. The loss was maxinmum 1n

rice-wheat roctation.
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Sanchez and Lopez (1986) observed a decline in organic
carbon in soal due to continuous cultivation. The declire

was minlmum 1n plots which were receiaving organic matter or

graen manure.

Sahu et al., (1988) also found that continuous croppirg

with cereals decreasea tne organic carbon content of soil.

Ho ever, organic caroor conlent of sorl increased with cro-

pping pattewns like rice-cowpea, rice-greengram, and rice-

pea nuc.

Nutrient requirement of crops aincluded in the cropping

seguence

Rice
(a) Nitrogen

Matsushima (1965) reported that the amount of naitrogen
absorbea at the flowering stage 1s small as compared tolthe

amount absorbed during vegetative stage.

Sadayappan and Kolendaiswamy (1974) reported that |

increase an plant height with increase in levels of applied

N1LCrogen.

Sushamakumari (1981) and Surendran (1985) also reported

that increase ir plari height resulted wilh increase in

nitrogen.



Lerka and Bebera (1967), and also De Datia and

Sur,ath (1981) reporced Lhat tiller production increases

with increase 2

=

nitrogen.

Rctbairam ec al., (1975) ooservea stead, jncrease ir

yiela wath enhancea dosc orf nitrogen and the hicnest yield

-1
was obta.red witrn 160 kg of il ha ~

Pillar et al., (1978, suggested that morc than 100
Kg 1 haﬁl necd rot be applica fcr realicing yiela potent.al

and masanar ylcla,

Srarma (1987) founrd that incrsase 1n nilrogen -ates

increaged average ylela from 1.75%

s 5,58 ¢ he and further i1trease 1in nilcrogen rates gave

S1ah and vond,al (2378) rceported that oobt.mum rate

for Jaya was 158 rg 1 na”t, Singh et al. (1978) reportea
th-t the opt.w.n «nd most profztablzs ritrogen rate for

Jaya sas 140 <g N na”t

°

Rao and Ramanajan (1971) found that incr2asiag nitro-

-1
gen lcvel from Zezo to 180 XKg na ~ increased the grain y.eld.

Vercateswa.alae (1978) staced Lhat strau yield iicreased

wath natrogen leves s aovto 230 kg hdnl, beyond whizh 1t

de._1ned.



e

Tne trials conducted at ygricultaral Research Stalion,

Lanaranady (1985) reported that incresase in yield ol rice

was observed upco 150 xg N ha™l.

(p} Phosniomus

Phosphorus 1s one of the three major nutrients essen—

tizal for planc grorth. It 1s sezond only Lo nitrogen.

Mitsa1 (1955) reporced that phosphorus applied to rice

plant 1s uritlised dur.ng the enthal l.ght to 12 wecks nf 1l s

growth.

13 xkelecn and Patrick (1968) found that rize plants
accumulate about Tio-~thirds of total phosplorus at heading
stage ana aboat 80 per cent of the pnosphorus of the entire

plant us stored in grain at maturity.

Sanu and Len'.a (1966) reported that response to P ais

incraased when 1t 1s appl.ed 1n copjuncraion with nitrogen.

According to De Datia (1970), in the apsence of phoszphorus

respons~ 0f pighers nitrogen level was negligible.

Khatua and 3zha (1970,, Tevaryi and Thakur (1976),

Mahimzirajl and daylager (1985), and Didi Asde and Wadjafa

(1988} reported that whosshorus s.gnificancly iacreasad ricc

ra.n yield,
(¢} Potasssum
Ricz plarc 2bsonbs nu~n more potassiam than nitro-

gen and pho pnaorus. Thz arount of polassiam absoirbed is
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an averaqge of 40 vg nictrogen, 30 kg vnospgrorus oand 75 kg

potasi: tron a nercare of land,

acro.ding to liakceleen anld Fatraick (1963), a crop

p-oduceng 4300 kg of grain ba—l removed 40 t> 90 kg of

pocash,

Givst (1962) foana tnat rice coop proaucing only

1330 xg of grain removed 20.6 kg or nitrogen, 10.3 ¥yg ol

b oo onorus and 292.3 g of o2casy from on heclare of land.

A 1ace crop ccolucing 8 toanz2s eech of grarn and

straw was rLound te rarmove 19. kg ol n.trogen, 80 kg of

phosphorus and 240 kg of Iotas per bcctare ( lahapacra,

13.8),

In gerecael, the nign yielding varieties of rice re-ove

110m 3011 150 g of naktrogen, 80 xg 0f pnosororus and 240 xa

of rotasn to p.olvce 7002 to 8200 g grain na”t,

2. 2 eel ~o

("

a\.‘:z

(L) Mi.rogen nucor.ann of swest potaro

Py

2eetT NOoLlTOo res onds mer~ to nitrogen Lhan to any

och=r essencial m_neral nu.ri=1t, Jhoason and «ace (1943).

Tsa10 ard Tujice (1964) obtained a fairl, close rela

Liorzhip nceveen nlocog n concellracicn 1n tac vhole plant

and lea‘® a_ec inlde ., f

-

s eet potato.
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“cecornaing to Neir et al., (1976), tuber vield ana!
total nit-oagen untake 1as increasea witn nitrogen apoli-

caticon.

Ailep {17°86) cbzerveo thet tuoer si1ze and tuber con-

cent of MF¥ 1ncreased 41tn 11Crease in PV applloatlon.'

Vabeeroth mmy ana Monankumar (198%8) revorler an
increase vine grosth with increased MPK application.

T7Y Fhoswhoris nu-rition of Sweesb potato.

worgan (1934) ceported 1nat suver phosphate in fer-

tilaizer mikture zave <ignificant increase in tuber yield.

Lanaran ano Szmuels (1857) =2-d nllen (°976) reported

1nerease 1n tuber siela due to rThosphate applicataion.

! Prasad et al., (1°982) reported that phosphorus
aprlication enhanced tuber formation when i1t 1s applied

alongwith VM and other fertilaizers.

kabeer athumra and IFohankumar (1986) observed that
pnosphate 2pnlication in the form of rock phosphate en-

hanced tne sicld.

111 Potasc.ur nutrition of Siyeet votalo

Potassium 1s required {or the formation of carbo-
hycdrates s ch 3s suanre ~nd starches and for tneir trans-

1ncation from cne part of tne »lant Lo another., It 1s
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also essertial for tne synthesis of proTein in plarct.
The cror cnality also 1s improved by notash., It also

nelps ir the developrment of healthy root system.

Scott (1950) hus rerorted tha*t votash fartilizers

influence trne si17e arnd srare oL sireet notatoes. !

Landran an?® Samnuels (1997) reported ar increase
in yvield of mrketable sweet potatross vidh increasing

rotasa aprlic~tron.

Uriyo (1373) snowea that rotash arplication sig-

nificantly increasea the yield of sweet potato tubers.

Gooc frav-Sem-Aggrev (1976) revorted that ferti-
lizers containing haigher amount of potash (448 kg/ha
of sulphate of Potasn) and NK ratio cf 3+4 gave maximum

tube~ yielc and lo er wvine vields.

Prasao et 2l., (1982) found that an increase 1in
availl-ble ovotassium 1n soil increases the uptake of nut-
rients and tuber yield.

L.ahiya and “Pestoge (1976) suggested that sweet pot-
ato removed larger guantities of potash as commared to \
nitrogen and pnosmnhorus. - crov nroducing 40 tonn's per
necrare removed 1290 ¥g nitrogen, 75 kg rnosthorus and

390 ka motesh rer hcecolare, |



¢

YUHén , {13%64) ghowed that heavy applacation

of nitrogen caused excessive vine growth. \

Thomas (1965) dbserved significant increase in yield
of vine by nitrogen application. He also reported that

maximum number of shoots was noticed in plants receiving

\
88 kg of nitrogen and 80 kg of potash per hectare.

Merita (1967) reported that escess nrtrogen reshlted

in excess to P growth,
Morita (1967) reported favourable effect of split
appliczcation of nitrogen, once at planting and again 30

days after, on moderating ctop growth during tuber forming

period and enharcing top growth during development period.

Mandal et al., (1968) observed a significant increa-

1
se 1n sweet potato vield upto 75 kg nitrogen per hectare.

\
They bave also reported a maxsimum yield of tuber by

the application of 100 kg nitrogen per hectare.

Mandal and Mohankumar (1971) found that the size of
tuber was nol inflluenced by nitrogen but higher levels{of
nitrogen resalted in an inccease in the number of tube%s

1
per plant. [

Dasharathi and Padmanabha (1972) cbtained a signi~
|

ficant resporse of sweel potato to application of nitrogen

upto 80 kg.
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Kudrekri et ale., (1973) showed that increase in
nitrogen bhevond 11 kg/ha did not produce any increase in
vield of cowpea.

zodsase and Dongale (1984) reported that on an
average the crop absorbed 1.87 kg nitrogen to produce one
guintal grain vield.

Vinodkumar et al., (1985) found that the nitrogen
content in leaves, stemsz, wods, hmsks and grain woere ocnhangad
with increasing levels of pitrogen.

Khandknah et al., (1986) reported that the crop
responds well €o H and P fertilisation and yield increase
with incresse in rate of ¥ and P.

(2) Phosphorus nutrition of cowpsa
1

Phosphorus has a definite stimulatory effzsct on the
multiplication of rhizobia which in-association with legu-
minous plants fix atmospheric nitrogen.

Robert and Olesen (1944) as well as Parr and Sen
(1948} obsgerved that the uptake of nitregen by leguminous
crop depend on phosphorus supplye

Parr and Bose (1944, 1945) revealed that cowpea res-
ronded highly to phosphate application,



e
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Bains (1955) reporced tn.t ircraasing the rate o

phosphois ancreased nodulati On .n Covped.

Sharma and Garg (1975) reported tnat gre=n and dry
matter proouction of cowpea incrzased sigeif..ancly due

to phospnorus applicacion upto 70 kg phospnorus per aestare.

The ctraals conducted at Rr ¢ Resea.ch Stacion, Pa-tambi

(Annual Report, 1976) revealed that apovlization cf 20 kg
phosphorus per hectars throuqh soil plus 20 kg phosphorus

througn foliage gave the mac.num yzeld of 1022 kg/ha.

Subramonian et al., (1977) rzporced tha= 25 Lg

-1
phospnorus na

1

e

recordsd the wacinm graia y-.eld of

1863 kg ha”

Jayarani and Ramaian (J380) saggestel “he appl.cation

of 76.% ¥g PO na~t

as tne economizall optimum dosc Lor
275 e

the ccrop.
Panaswamy ec al., (1985) fourd that apol.cation of

N and P i1ucreases the noailation it codoea.

Krasnnamoorthy et al., (1985) reporteld tha® an increase

11 NPK imoproved the yield of cowpea.

Jain el al., (1986) reportsa that at higier le "cls of

phosphorus there was a1 i1ncrease 1n dov maller producc, on,

rurber or seeds per pod, weigbt 0f pols, and jerght of qgrair.



cPotassium nutrition of cdogpea

AT

Tiwari (1965) reported that response of cowpea to

potassium has been low in Africa, although Potash applica-

. A =1 < s < - .
tion of 40 kg ha had increased nodulation in Eastern

T that this element is +trans-

ported mainly to the stem in the early stages of growth and

Worley ot al., (1971) suggest=zd that the level of

: . . < ; -1
soil potassium should not exceed 42 kg ha ~.

(

Badiger, et al., (1982} reported that fertilizer

|

potassiunm improved yield and guality of pulse.

Sadasivam (1985) found that the pulse plants having
good K status produced better grain yield and showed an

improvement with K fertilisation.

Subharamu et

3]

1., (1985) reported that foliar appli-

i

cation of K improved the yield of pulse crop and Dubey and

Shinde (1986) have shown that increase in X fertilisation
improved the vield.

~

The reguirements of nitrogen, phosphorus and potassium

have been established under specific conditions and
for specific genctypes. Jacqguinot (1967) reported



seeas harvested fro”~ one hectare of land~* Ractie

and Pobcrt (1974) reported t">at each xo~"™e of cowpea

seeus remoi cs fro a obe soils the mneial "utrients at

tne rate c¢cf ao rg marogsn, 17 kg phosphorus ana AS kg

rotas!" «



MATERIALS AND METHODS



IATE~T1AIS aAD TFfIETuODS

"tucy tied "Nutrient; aynames m the rice-
bacea con n g sysrems"™ was <carried ojt by conducting field
pcperxnems an’- torv studies® It consists oh: -
ao A2ela °\Xperinsnt for six seasons ovam two agricultural
years ®

30 ~tadies or the dynamics of nutrients N# P and K xn
soil mder infer"nt croopma seai”~nces.

Ca S”adi”~s on rnp u~tate or older nuhjpn”s oy men \rLdua'l
cope in cj<i Cionunj scgacrcp.

Do economics of mc ~"Pma patterns studied®

aQ ~ielc experiment
1o P-~per-mental site
The fmla p/ner"inerrs uere conducted continuously for
siv s”rsor”~ st jtang f on '°bnnr/ 19pl (cumrnr>r 197" 7) to
June 1982 (Suime 1932) at the Regional Research St~t”~on,

tp jp (Certmcl “one) PactomDi, Existence of faciJdmes

foe controller irrica ion os /-ell as drainage in tne eroerJ»

mental iicios i“"bled the cul tum on of various comroncnl
crcos 11 a nce-oascd cropping systenm The experimental
f-eld ~2elpci ca nr p un”~cr ncp for t o continuous

s~d”~ons pi or to m oe no flaid oitoO The sml 0 X



the experimental site is a sandy clay loam and is typical
of the wet land rice fields of the loccality. The physico=

chemical properties of the soil are presented in Table=l,

Table«~1 Physimco-chemical properties of the soil

a. Physical properties

Coarse sand (per cent) 24,0

Fine sand (per cent) 22,7

Salt (per cent) 18,0

Clay (per cent) 34,3 e

Textural Class-sandy clay loam ﬁ{;;%izz<:

Bulk density 1.18g/ml, ( \ oic“ <

\ \J} /

b. Chemical properties \QLMAg;J

Soil pH 5.06

Organic carbon (per cent) 1.6160

Nitrogen (per cent) 0.1606

Total phosphorus (ppm) 900

Available P (ppm) 18

Total potash (ppm) 1200

Dechangeable potash (ppm) 40

C.E.C. {(C mdle kg“l) 5.6

Exchangeable hydrogen 1,21

(C mole kgwl)
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Tablow-s

Metcn olcgical dats f£1om lst February 1981 to 3is™ Mas 153,

domth Ra?;i?ll Temperature 0°C Relative
Maxiram Minimum ﬂumi;%LV

Tepriar; 1981 0 35.8 21.1 87.C
Macch 1984 12.4 37.0 2.5 91.4
April 1981 66.0 36,0 25.3 97.0
May 1981 49,6 34,5 24.6 86.0
June 1981 93,0 28.7 23.3 96.2
July 1981 89,2 29.86 23.5 26.0
Aagust 1981 353.4 29.0 23.3 85.0
September 1961 14,1 29.0 23.7 92.0
October 1981 238.7 31.2 23 .4 84.0
doverber 1981 1.2.0 32.3 22,3 81.0
Decerver 1981 58.9 33.5 21.4 92.0
Jaenuany 1282 0 34,1 20.2 9:1.0
Tebruary 1982 0 36.2 21.7 39.0
March 1982 62.0 36.6 23.5 91.0
Apral 1982 66.0 36.4 25.2 96.8
May 1582 176.7 34.9 24.8 96.1
June 1982 1122.0 28.5 23.4 96.2
July 1982 549 .5 29.4 23.5 96.0
August 1982 647.5 29.0 23.2 95.2
September 1982 348,0 29.0 23.6 $52.1
October 1982 257.3 31.0 23.5 84,2
Neverber 13882 96,0 32.0 22.4 81.2
Decenber 1982 0 33.2 21.3 g2,

January 1923 0 32.2 ?2.4 8l.2
Tepreary 1983 0 36.0 21.5 90,0
March 1983 52.0 37.0 28.3 91.2
apral 1963 65.0 35.8 25.4 97.0
May 1983 52.0 34.6 24,6 96.0
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(about 100 days), short-statured and photo-insensitive

variety evolved by a cross between Annapurna and Ptb 15,

Jaya 1s a hagh yielaing, medium duration (about 125

days), short-statured and photo-ingensitive variety evol-
vea by a cross between J (N) 1 and T 143. It 1s a stable

vielocer with wide adaptability.

1L, Sweel ?otato {Ipomoea batatus)

The byorid H-A2 evolved by a crocs between
Velladamph (a local variety) and Triumph (An American

Variety) was used in the experiment. It produces medium=

sized, rink.coloured skimnmed tubers having yellowish

wnite flesh.

IXI. Coupea (Vignia sinensis)

Yew AFa variety of cowpea was used for the study.

The plants are bushy in nature and branchirg. The pods

are small. Duration of the crop 1s about 90-100 days.

Iv. Davincha

It 1s a green manure, The plants are bushy and

reslstant to drovght. At the time of flowering 1t 1s

ploughed into the soil as a greer manure. The duration

1s 90-100 dJdays.
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one-fourth at 30 days after transplantaing. Phosphorus

(as Mussorie phosphate 24 per cent P205) and Potassium
(as muriate of Potash 60 per cent KZO) were applied as
basal dose to both the varieties. Treatments T2, T3,
T4, T5 and T6 were appropriately mocdified an already

1ndicated and applied.
Trarsplancings

The variety Triveni was transplanted during the

sumrrer season (Punja). & spacing of 15 x 10 cm was
follovea. Jaya was transplanted during the Kharaiff
(Varippu) and Rabi (Mundakan) seasons at a duistance of
10 cm between rows and 10 cm between plants. Two seed~

110ys per hill were planted in all the cases.

Interculcivatlon and veeding

Gap filling was done one week after%Fransplantlngu
AN
Plets were hand weeded once at 30 days after transplan-~

ting and later arter another 15 days.

Irrigation and water management:

All Tre plots were irrigated whenever necessary
to maintain 5 cw water level throughout the growing
period. Tne water was drained out from the plots 15

days before harvest.



Seealarygs were dipped in paratbhion 0.05 per cent
soluwtion before tramnsplanting. FProphylactic planl pro-
tection measures were taken against the attack of pests

and diseacesS Whenever necessave.

Harvest.ng and Threshing:

Two border rows of plants from all the four sides
OL eacr plot vere ceroved. Tne remaining plants ZroT

<l1l thr rlols were barvested and bLhreshed separatcl ;, ana

vel %P>c
g v\d o

1.) Sweet potato.

Preparatory Lillage.

The lard sras drained out completely and che soil
tas aLlored Lo dry. 1he sorl was brought teo a fine
tilen by ocagging two a depth of 25cm. Ridges of 35 cm

height were made at a distance of 75 cm apait.
Plarting:

The 7ires ere cut ante 25 cm bits and pranted on
The ridqges at a spactng of 20 cm between vines, using
sirgle v.me culwting per bole. The vine cuttings were

plantea with the midale portion buried in the soil and

both the cut erds exposed.
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Plant protection:

Sumithion 0.1 per cent wag sprayed at 30 days
interval, after planting as a prophylactic measure
against Lhe attack of sweet potato weevil. Against
the acttack of minor pests like leaf feeders, Ekalux was

sprayed at 0.5 per cent.

Harvestings

The border rows of plants from all the four sides
were first narvested and removed. The remaining erserld -
rental area was then harvested ard the tubers and che

vires vere i1wnediately ‘reigned and recorded.

111) Cowpea:
The land vas dreaned fully and the soil was allowec
to dry. Tne soil was prepared to a fine tilth and leve-

lled ensuring deep digging prior to the preparation of

the land.

—

Seeds and sowings:

Seeds were sown 1n furrows at a spacing of 15 x 15

o and covered with soil.

Manurings:

Farm verd manure at the rate of 2 épa_l was applied

at the time oI tand preparation and incorporated into the
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four days aftlter

i gations were given once in sevan

As 2 prophylatic mermsure, 0,2 per cent sevin at
]
1 - . . : ~ ~
6500 1 ha apolicd at an interval. of twe weeks, from
orne month after wlanting.
Tyo horder rows of plants were removed. The remna-
ining area wios harvested by cutting and



removing the plants at the ground level along wity the
pods. The pods were chen sepgrated and shelled. The

grains were dried under the sun, cleaned and the weight

recorded.
iv) Dainchas

Preparatory tillage:

Tne land was drained and the soil was allowed to

drcy: ploughed twice, clods were proken, and levelled.

Seeds and sowing:

Daincha seeds were broadcasted after mixing it
with three times i1ts volume of sand to ensure uniform

coverage and harrowed to cover the seads with soil.
Manuring:
NO manucLing was given.
Intec tivat
n %_qg_l_____a; 3 0on _and weeding
No intercultural operations were carried out.

Irrigation and water management

No w.rrigation was given. The sprouti.ng occurred

using the avalilable moisture of the sowl. The soil moi-

stace bullé_up during the summer shoJvers enabled 1t to

be grown as pure rainfed crop.
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v111) Pre-harvest cbservations:

L. Rice

Sampling Lechnigue:

Rardom sampling technique was adopted to study the
agronomic characters such as height and number of tillers.
Five sample units of 50 x 30 cm were randomly selected from
each plot.

|
Brometric doservations were recorded first at

30 days after planting and subsequently at an interval of
15 days.

a) Plant height

Heignt of plant was measured from the ground level up

to the tip of the top most leat. |

b) Tillering

\
Total number of tillers of plants of the five sample

units were countea and the number of tillers per square metre

computed. The number of effective tillers was made at tﬁe

time of flowering.

IL. Sweet potato

Savpling technique s

|
Three rows were selected for cbservation from eacn plot

and five plants rrom each row, thus making a total of 15

plants for each plot. |
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a) Lepgtbh of mair shoot.

The length of mair shoot of tbe observational plenis

was measured rrom pase of the mair shoot up Lo the top or

the leaf tip.

b) YN er or brarcles.

The murper of branches was counted for each cbsecsra-

tional plant, first 30 davs after planting and subsequentl,

at 15 days interval.
ITv. Covpea.

Samplirg technicue.

Rardom samplinrg technique was adopted for selecting
rows and plarts for obsecvations. The plants gselected 11
the row was taken as the central plant of the rectangle.
In ihis way, three rectangles were selected 1p each plot.

There were nine plants in each rectargle and thu§/27 pla-

nts were tasen from each wlot for observation of the

characters.

a) Piant height

The height or the selectea planis were measured from

the grouad level upto the tip of tne top most leaf, ficst

acv 30 days afler planting and subsequently at 15 days

rnterval.
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b. I're numper of branches were counted from each sample

plant, 1arst 30 days alfter plantiag and subsecquently at

15 days interval.
L7, Daxvancha

Samplirg technique.

Random sampling tecrnigque was adopted <o selcect
obscrvatacnal plants for measuring the plant height. Tive
sample units of 50 420 cm each were selected rrom eacn

plot and trne heignt was recorded first 30 days afiter sow-

1ng and subsegquently at 15 days incerval.

Plent bheignt.

311 tne plants from each selected samples were tarxen

feor measuwsirg ithe prant height. The heicht was measured

zrom the grounu lerel upto the tip of the top.most leaf.

I, PRost-harvest observations

1. Rice

a. Yield of grain and straw.

The plot-wise yicld was recorded after cleaning and

arving to 14 per cert moisture level. Tne straw was dried

in the sun ana itbhe yield was recorded. In botn cases}the

per nectare vyviela gas then corputed.
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Il. Sweet Potalo

Q. Y1.eld of tubers.

The weight of lubers vas reccraed immediatel , after

the narvest. The yield per hectare was computed.

D Grecn veirght of vines:

The grecn weight of vines was recorded immelrately
after the harvcst and Lhe per hectare yicld was also

comnputed.

Z.I. Pulse {(Cowupeda)s

a. Yield of grain.

The viela of greir after air-drying was recorcec

plotewise ard per nectares yield was calculated on tnis

basiz.

b. vield of haulm.

The sun-aried weight of haulm vas recorded ploteiise
ano per hectare yield was cormputed.
Iv. Daipcha.

N rrield of green manucge

The cxow weo barvested plot-vise ard tne weight ol
green martee ooth stem ana leaves included was recorded.

From tnece @ata/per hectare yield was computed.
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B. Soil studies

Studies on the changes i1n physico-chemical proper-

tres of soil due To cropping sequence vere made. The soil
from each plo. was analysed ror the various physico-chemL-

cal vroperties pefore the commencement of the various seg-

uences and treatworeacs and after each component crop.

1. Collection of soil szacles.

For the parpose of collection of soil samples, eazh

plot was daivided anlo four equal parls.

wob

collected Trom the ploagh layer usin

From eazn pasi,

one s$011l sawmple

a soirl muger and four samples taus dbtained vere mirsed

togecner thorougnly and the composite sample was arr.A.icd
11. Processing of sorl samples for chemical anal,sis

The a_r-~ared sawles were poudered and passca

tarough a tvo wnn sewrve,
3

ITI. Aralyrical methods

The methods f£ollowed for the analysis (phys.cal and
cheri.cal) of soll samples ace given below:
a. Mecien.cal analysis.

fecranical analysis was carried out by Internatioral
o
pipette retnod (Pdper, 1950).

. pH

Tne pH was deterrined using @ Perxin - Elmer meter

with a soil. vates ratio or 1.2.5.
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o Orgaric carbon

walkley and Black's rapid titralion method was used

for the determi-alion of orgaric carbon (Jackson, 1967).

¢. Total natrogen

I'nc conventional Kjelaanl's metnod was used rors Lhe
deterrunation of total nitrogen (Jackson, 19%?)»
Aveilaole nicrogen -~ Determared by the alkalirc perman-
garat distaillation method (Supoiah

and aAsija, 1956).

e. Total .rospnorus

The precipitation method of Jackson, 1974@

!
°
+3
Q
¢l
@
}‘_)

potassium by Flame photomcter method. (Black, 1985)

g. _Avalleple phosphorus

The availaole phosphorus was extracted by Bray No. 1

extractant (0.25 ¥ HCE and 0.03 N NH4F) Ammonium phospho~-

molydo plue colcur developed was determined by the method

or Dictman and Bray (1940).

Avalleble potassium. This vas determired by extraction

yvath neatral normal ammoriur acetate and determined Flame

photometrically (Black, 1985).

C. Studies on tnc uptale of plant nuktrients

1. Collectiogr and preparatior of plant sarples
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frter air-drying the

nlants, the grains were separated
C 4

from the atraw, Straw

into small bits and thoroughly mixed. The

Train and chooned straw samples were then nven-dried at

The marked plants selected for recording the obser-
vations were also usad for plant analysis. The vines, after
sun-drying, ware oven-cri=d, ground . to fine powder in an
2lectric arinder and used for chemical analysis.

‘ The tubern woara cleansd thoroughly, cut

niants athter harvest -iere sun-¢ for

It
L
D
Ll

and ground into fi

e



The sun-dried pods w~ere shelled and the grains powder-

ed and used for cnemical analysis.
Iv, Daincra

The sample plants after narvest were sun~dried for a

few acays. TLhey were then overn-dried, powdered and used for

chemical analysis.

II. Methods of analysis:

The plant sarmples were analysed in duplicate for
nitrogen, phospbhorus and potassium using standard analy-

tical procedure as outlined in Piper (1950).

Statistical arelysis

The various analytical data collected from the experi-~
rents were subjected Lo statistical analysis by the tesc

of slgnlflcance;df53ﬁjaﬂb{
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RESULTS AND DISCUSSION

A, Field experiments

Tables4d to 24 present various biometric cbserva-

trons of the different summer crops in the various sequ-

ences experimented.

Tablebd and 5 present data on the height of the
rice plants 1n cm at successive stages of growth (Summer

1981 and 1982) of variety Triveni. From these resultil

1E can bz seen that the treactments and periods have sig-

m.ficant effect. 2mong the creatments Tl, TS and T6
have max.mum effect. Maximam plant beight 1s dbserved

O be attained on the 60th day in all treatments.

From the above data, it 1s clear thac plant height
1s sigrafacantly affected by nitrogen. The treatments
where the nitrogen supply has been decreased (TZ' T, and

T,) recorded sigmificantly lower herght than the trcat-

ments with the full dose of fercilizer. In treatmenits

T5 and TS only/the level of P and K respectively have

been decreased to 75 per cent of the quantaty as 12 T

1

and therefore the heiagnt of plants urder the treatments

are not significantly lower tnan in the full dose of N,

P and K 1e. Tl. This shows that height 1s more influen-

ced by nitrogen. The effect of nitrogen in sicnificantly



Table=4

derght of plart in o at successive stages of

-J
[

grostn raice var. Triveni - Summper 1981
1l reavrents Days &t harvest Mean T
eaop s L
30 45 60
T, 42,8 60.4 69.1 7C.1 60.6
T7 41.4 59,7 8.5 69.5 59,7
T3 39.6 57.3 68.5 69.0 58.6
T, 41,5 59.9 69.32 69.5 60.1
T 42 .4 60,4 68.7 62.5 60.2
T6 475 60.4 63 5 73.8 61.3
Mean 41.7 58.6 68,7 70.2
CD = for treatwenits = 0.664
CL = £for pericos = 0,771

[5’/“ /K(,U/JC/’)



Taple~5

Height of plant 1n cm at successive stages of

growth rice veriety Trivenli - Summer 1982

<

Treatments Davs 2t harvest Mean T
30 45 60
Tl 38,0 52.0 70.0 68.0 57.0
T2 38.0 50.0 68.0 68.0 55.0
T3 34,0 49,0 68.0 67.0 55.0
T, 36.0 50.0 69.0 68.0 56.0
T5 38.0 51.0 70.0 68.0 57.0
T6 38,0 51.0 70.0 67.0 56,0
Mean 36.0 51.0 69.0 68.0
CC = £for treatrents = 0.6543
CD = for period = 0.27

(5. 1wd)



Table=6

Number of tillers abt successive stage of gcowth m“2

rice varievy Traveni -~ Summer 19381
— Days N Vi

Treab~cnts 30 45 60 t harvest Mean
Tl 543 578 446 408 490.7
T2 £20 502 530 321 ag5.7
T3 510 489 429 378 45a4,C
Ta 5.7 504 430 390 460.0
Lo s2e 509 439 396 46847
T6 530 512 440 398 £7.0

ean 524.6 577.3 452.2 393.5

CL Lor crcatrwrenis

CD for per_-ods
5/ Jewl)

/r
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Tabln=7

~ -2
number ¢l tillers at successive stage of growth m

rice variety Triveni - Summer 1987

e

Treatmwents Days
30 45 60 At harvest Mczn
T4 335 520 438 380 47G.7
T2 %35 440 390 335 £12.5
T3 410 425 380 327 400.5
L, 495 465 410 350 430.0
'I‘b 210 495 425 380 452.5
T6 490 478 415 372 430.7
Mean 497.0 470.0 409.0 359.0

I

CD for treatments 1.272

CD ror veriods

0.52
5 Ll



enhancing plant height in rice is vell known. The lack
of effect of both P and K in increasing the plant height
15 also equally well documented (Surendran, 1985 and Barnes

Ee_‘E ..‘1!;“ 1986)0

Tables 6 and 7 represent the number of tillers at
successive stages of plantgrowth of summer rice, variety
Triveni during the years 1981 and 13982. The periods and
rreatments have a significant effect, The treatments T1
and T6 show maxamum tiller number than other treatments.
The maximum tiller number have been expressed in all the
treaiments by the 45th day. Beyond the 45th day an aincre-
ase 1in tiller number has been recorded only in treatment
T,o At harvest, a decrease in the number of tillers has

been noticed in all the treatments. This Observation re

lates to the number of effective tillers under various

treatmerts, The number of effective tillers is signa

ficantly more for Lhe treat
eatments '1‘1 and ’I‘.2 than for alj

the other treatments,

It 1s very clear from the effect of treat
mentsthat

dec
reasing the level of phosphorus 1ty 75 pa
T Ce
Tecommended level as in creatments r " of the

the number of tillers. However ° decreased
&

tillers in +
reatments T3 was sign
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Table-8

Height of Cowpea plan. in cm ak successive

stages of growth - Summes 1981

Number of days
Treatvment. - - - e e e
30 45 60 At harvesu Mean
T1 34,8 49 .8 63.5 75.0 55.7
T? 31.9 4643 60.2 69.5 52.0
T3 31.5 45,2 59.0 68.1 50.9
PA 32.5 £3.0 61.6 71.8 53.5
T5 32.9 49,8 62.0 72.5 54.1
T6 33.1 47.3 62.2 73.1 54,0
Mean 32.8 47.8 6l.4 71.6
CD = Treatments = 0,610
CD = Periods = 0.249



Table~9

Height of Cowpea plant 1n cm at sucgessive

stages of gcowch - Summer 1982

Numper of days

Treatment — .
30 a5 60 At harvest Meap
Tl 29.0 43.5 56.8 68.0 49,3
22 26.2 41.2 54.8 64.6 46.8
T3 26.2 40,0 53.5 64.0 45,9
T4 27.2 41,5 55.4 65.0 47.2
PS 27.5 42,0 55.9 65.4 47.7
T6 27.7 42,2 56.0 65.5 47 .8
Mean 27.4 41.7 55.3 54.0
CD = Treatments = 23.5612
CD = Periods = (0,237

el )



Table=10

1987 Summer

c. of nooules

rod chalract

ers

T At ra-- pe: plant (Cosmea) seed wel jht -
T 2. 0 Nnaule No. of “No. of Length 100 sn&F"
noAul = welo;t héO/ seed/ rad 2 ah
=3 {zn g) mlant pod (in ev) (ain @
T, 20,F 0.8 10.4 15,9 15 .8 7"
T, 1..5 0.6 9.2 15,0 15,0 0ed
~, 7.2 0.0 9,0 14.9 14.5 10,6
”4 19.5 0.0 9.4 15.7 15,2 10.9
T5 19,8 0.0 9.8 15.7 15,4 2 0,.°¢
P6 201 0.0 1062 15.8 15.5 RPN
C D, = 0.104 Lz GP 0,745 C.D-0.767 BD.0.252 33 C,
{07 level)
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In the treatmqulthe NPX doses applied were only 1/2 of

that in treatment Tl.

The dbservations on tiller number show the vital
role played by phosphorus in maintaining the total number
of tillers and also the effective number of tillers. It
s all the more so 1n intensively cropped seguences accor-
ding to Tewari ana Thakur (1976). The presen. cbservation)

are i1n agreement with the earlier observations.

Table$8 and 9 present the height in cm of the cowpea
plant (summer) at successive stages of growth during the
years 1981 and 1982. It is evident that both the treat-

ments and periods have significant effecc. The maximuam

plant heigpt 1s observed at 75 days in all the treatments.
This corresponds with the grand stage of vegetative growth

viz. flowering. among the treatments Tl e,

g 1e. full dose of N and P and 3/4

full recommen-

ded dose o WP and £ and T

dose Oof K record the maximum plant hexght.

In the cowpea plant)the role of P along with initizal

booster dose of nitrogen in the marntenance of plant height

has been brought ocuc. The significant action of P 1is due

to 1ts indarect effect on root nodule activity and consequ-

ently the mitroger fixed by rhizcbial associat.on (Ramaswamy

gt al., 1985). This 2s partially substantlated by the data



Tanle~l!

1982 Sunmar

0, OL Nnoc iles Pod crnaracre s

™y aumert —rp ~lant (Cot L) ard sr~8 ve1iht
NOoo. CE 1"odule WNo.of No.0f wenath 100
nreLl s ci10nt  vod,/ sp=cd/ of rod vie.a t

plant pod

ey (1n cn) (ar oy
T, 18,7 0.0 9,9 15.6 15.8 11.2
T2 567 0.0 8.4 14,5 14,2 13,8
Lo LB,.5 0,0 8.0 14,2 14.0 10.7
T, 173 0.0 8.8 15,2 14,6 10,9
Tq 17,2 Nn,7 9.7 15.4 15.7 10.9
FG ~8.2 0.7 9.5 15.5 15.3 11.9
CoeDo = 0.183 NS D=0,462 GD=0.246 C.D,= CoDe=

0,253 0.771
Y level)
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Table-12

fumbe. or orancnes of cowipea et Mfferent stages

of growlh - Summes i381

- ———— e

Trealment 20 days 45 days 60 days At harvest Mewun

fl 3.3 4.5 4.5 4.3 4.4

T2 3.3 3.7 3.9 4.2 3.7

T3 3.0 3.5 3.2 4,1 3.6

T4 3.5 3.9 £.2 4.3 4.2

Is 3.5 4.2 4.5 4.5 4.2

T6 3.0 4.3 4.5 4.5 4.2
Mean 3.4 4.0 4,2 d.4a

T T T e T e e e e

C.D for Lreatment = Q.212

C.D zor per old = 0.40
)/ \/

A el )



Table~13

Murper 0° branches of coupea at different stages

of growth - Summer 1932

-

Treacmenc 30 days 45 days 60 days At harvest

Mean
Tl 3.4 3.9 4,39 4.L 4.0
I, 2.95 3.4 4.1 4,1 3.6
T3 2.8 3.3 3.2 4.1 3.5
T4 4,3 3.7 4.1 4.2 4,0
35 3.2 3.7 4.2 4,2 3.8
P6 3.3 3.8 4,4 4.3 4.0
Maan 3.3 3.6 4.2 4,2
C.D ror treatmcnt = (0,20
C.D for per.od = (.38

(59 .



on nodale nambers nd nouuls weight prescnted in the Table
10e. 11, I- may oe secn wvnat both numoer of nodules and

nodule weaight .s arcreascd by the recauctior of phosprorus es

seen in trcatments T7 ~3 Tg.

[a])

Tables 10 anc 11 a’so vwreseni the observetion on

nuomrer of —ods ~er wlant., lencth of vod «nc 100-~seed wel-

Q]

gr . A ge zral trend observed Prings ©Jat tie 1mMrortance

Or P =*ra £ ur 7= maintenance of cod drameters that contri-

botes o a hirn se=d [ 1clo. Thus, trestun~n~s thocn  erc

loiwr o v s )l owy of P oanc K accls cithetl margirell
as 'n t.eatbtnents 1., T% ard T6 Or sansteéntially as i1n *reat-
-1z T, Pa € 1 er or accre <o¢ atcriniy-os zor the pod

-~

~naracte~s,  Jsrvlar observalions or wne effz~L P on pnd

cnatactors, T mitny ORECCU TiOMs Oon tre offect ™ 21 noo

C PpOCTErs 0 ChIoRa i erT ot of n rher Levels {0V oon

scac 0% Uh orf oM

(o

ced charec rr1st 3 10 cogpen hevo

be™n aotim™ 1=,

Tabl s 17 ona 12 rerrecent “re numbrr oxr br nchec

O.L ~C 2a  or cirmexr 1947 and L8872, Tarec 1ae 5 o figconc

A1c  Ionce -7 o ecem ot tradtme s pd v 1005, The tre -

mone ”2 . m, Nere noth o o ogalats ar~liec 0o ke v T oard
~t

K Pove bee” cocrfece sAgh1fic nlly Lecrocses tae nurmoer

Cs Frengre~, T Sl iadel ~1 12 notc that the numb~r of

01 reree bz ¢ ner P o~n 3{fectec 10 Tree tresyms T oard T

5 c



Table-14

Lengcth of mein shoot of sweet potato 1n cm at

different stages of grovth variety f-42

Summer 1931

In days
Treatment — e
_ At
30 45 60 harvest Mean
Tl 56.3 120.3 150.0 160.5 121.8
T2 52.2 1123,.1 140.5 155.0 114.4
T3 48.8 105.8 138.2 152.0 111.2
T4 51.8 129.0 138.7 154.0 113.3
TS 53.2 110.8 142.0 156.5 114.2
T6 56.2 120.4 150.2 161i.2 122.0
Mean 53.0 112.5 120.,2 156.5
C.D. for treatment = 3,10
C.D. for perzod = 1,27

(59 lwel)



Table-~15

Length of mwairn shoot of sueet potato in cm at

d.'terent stages ol grouth Vvariety H-42

—~ Summer 1832

In days

Treacment 30 45 60 At bharvest Mean
Tl 54,1 120.9 150.0 156.0 120.2
T, 50,0 110.2 145.0 152.0 114.3
T3 48,0 128.0 142.0 150.0 112.0
TA 43,5 178.0 144.,0 152.0 113.3
Tq 50.7 112.0 146.0 153.1 1in2.7
T6 54.1 122.0 122.2 156,4 120.9
Mean 51.0 113.5  146.3 133.58

Co.D. for trealtmcnc = 3,120

C.D. for perrod = 1,267

{
51 (el )



whersin one of the nutrients viz., P or XK-havs been appli cdd
at a lower dose. In fact, such a trend has beén discovered
for zod cheracters also. It has to e emphasised that as

the numoer of hranches increase so will be an increase in

leaft nodules and hences incrzase in leaf area index. This will

enhance the photosynthetic rate. Thus, in the maintenance

oft a higher yield, the role of N and K has been brought out

nted. Similar cbhservations have teen made

by other workers such as Sharma and Garg (1975),
Taples 14 and 15 represent

the length of main shoots

of sweet potato in cm at different stages of growth for

U)

’e The result shows that the treatments

r: significant., The treatments

3

6 and T1

e maximum shoot height. The maximum shoot helght is
noticed at the harvest pérﬁod in all the tre=atmentz. The
and P at recommended levels are
\aintenance of optimum shoot grdwth‘through

period. Thus, decreasing marginally the amount

of &prplisd potassium without changing the levels of 1T

o}
@]

P (T,.) deoes not significantly affect the shoot growth. 1In

all cther treatmenis, when more than one nubtrient (T2 and

qe.

TB)’ or a criticel nutrient such as ¥ or

(T4 and TS) has
§
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Tabie-156

Number of brancnes of sweet potato at drfferent

™

stages oL growth - Sumner 1982

Days
Treacvment 30 45 60 At harvest Mean

Tl 6.7 8.7 i0.6 11.2 9,21
37 6.3 7.9 10.4 10.6 8.8
T3 6.0 7.8 9.5 10.2 8.3
T, 6.3 8.2 10.3 ¥0.8 8.9
T5 0.6 3.4 10.4 10.9 2.0
T6 6.8 8.5 10.4 11.0 9.1

Mean 6.4 8.2 12.2 10.7

C.D, for Treatment = 03.234

C.D. for perriod

(& lwd )

0.510
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Table-17

Nurber of branches of sweet potaco at different

stages of growth. Summer 1982

Davs
Treatment 30 45 60 at harvest Mean
Tl 6.4 8.3 9.8 10.3 8.7
T2 5.8 7.5 8.9 9.6 7.9
T3 5.7 7.5 8.2 9.5 7.9
T4 6.1 7.9 8.2 S.7 8.0
T5 6.2 79 9.3 3.8 8,3
T6 6.3 8.1 10.1 9.7 8.5
Mean 6.9 7.8 9.2 9.8
C.D. for treatment = 0.236
C.D. for per_od = 0.492

(57 |owed)



Prant height in cm at _sugcessive stages of

gro th oz Daincna - Summer 1981

Table-18

Ip days
Treacment e e e s e e e —-
30 15 60 At harvest Mean
Tl 30.0 50.0 69.0 108.0 64,2
T? 30,0 52.5 67.0 105.0 63.5
T3 32.0 50.0 65.0 170.0 62.0
L, 31.5 49,0 63.0 120.0 62.1
TS 23.0 47.2 68,0 69.0 60.5
D6 23,0 47,2 63.0 124.0 61.3
lean 29.8 49.3  69.3 67.%
C.D. Zo- Treatment = (0.620
C.2. for period = 0,360

(59 loued )




Table-19

Plant height in cm at successive stages of

growzhh of Dairocha - Summer 1982

9

L)
J

Tn days
Treatment 30 45 60 At harvest Mean
T, 32.5 53,2 74,5 120.0 70.0
T, 30,2 50.2 72.0 110.0 65.6
T, 29.0 49,0  71.5 108.0 64.3
T, 31.4 51.0 72.8 115,0 67.3
T 32.1 51.8 73.4 117.2 68.4
T, 33,0 52.2 73.5 117.5 69.0
14
&
Mean | 31,3 51.2 72.2° 114.6

C.D. for treailm

C.D. for period

(8 lovdd )

enc

0.643

I

1

0.352



Table-20

. ?1 nT Pe.ght ar cm at success.ve stages oz growvtbh
(Pooled data Vir.ppl 1°981)
Seque~ Treatmre <s Per.oas in aavs
ncecs T, f2 T3 2, T5 T6 z0 45 00 90 At harvesc
(c,) (c,) (€y) (c,) (cg) Mean A
Al 67.530 66.560 65.930 67.183 67.080 68.030 54.400 63,533 71 003 74.516 71.941 67.210
A, co.-21 66 050 o00.200 67./74 o7 086 68.286 54,820 65,985 71 ©93 74.701 72,091 67.499
\J 70 232 69.-24 68..62 69. lo 09 835 70.028 54.97. 67.008 7 .%v> 77.060 73.338 09 270
A 72..80 71.708 70.6%c 72.192 77 192 72.316 56.71c¢ 67.885 77 25 80.053 77.185 71.893
Ag 72.670 71.858 70.388 72.522 72.522 72.452 56.31. ©7.728 77 765 50.855 77.860 72.1653
MOAN C

<y 5c,0/9 57 906 52.002 55.07? 53 @34 5c 030

C2 6o ©50 65 600 61.313 60.150 ©0.428 06.482

Cs 75,524 74 730 75.520 74.3.8 75.078 75.334

C, 77.09) 77,292 76.166 7/.5.8 77.832 78.070

Cs 75.240 74.232 73 570 74.590 74 976 75.140

TNl 70.1%0 CHl 55.4-40

Tmz 69.292 CM2 6o 018

TD3 68 415 CM3 74.752

TM €9.757 cM, 77.437

TDS 70.0f9 CI\"D 74 604

— 2
/71b /03
CD VALUEs () G /qu/)

b
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cbgervations on the effectiveness of more than one nutri-
ent 1n the maintenance of a high level of yield as well

as yield contributing parameters have been worked by,Mandal
et al., (1976), Allen, 1976 and Prasad et al., (1982).

The present cbservations are 1n agreemenl with these

findings.

Tables 16 and 17 present the number of branches of
sweet potato at different stages of growth for the summer

1981 and 1982. The data again bring out the necd for bala-

nced NPK fertilisation for maintenance of high number of

branches for sweet potato plants.

Tables 18 and 19 present the plant height in cms. at
successive stages Oof growch of daincha for summer 1981 and
1982. t the time of cultivation of summer daincha, ro
treatment had been given and therefore the observations
made 1n 1281 on the intial daincha ccop did not show the
treatment effects. In 1982, the observed differences in
the plant height have to be atczibuted to the previous
varippu and mundakan crops, wherein differential treatmencs
had been appl:ed. It has been indicated 1n materials and

methods that for the daincha crop, no manuring had been done

and only the rice crops 1n the sequence had been fertiligea.

Table-20 presents dacta on the height of rice plants

(Faya) in cm at successive stages of growth (pooled data)
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for the varipou 1981, The plant heighct in cm have been
recorded from the 30th day at 15 day intervals till har-
vest. TIhe results indicaie that the sequence daincha-~
rice-rice (A5) and fallou-rice-rice (A6) recorded Lhe hi-
ghest mean plant height and were on par followed by the
sequence pulse-sice-cice {A3). The sequence A5 and A3

are on par. The least plant heigbht has been recorded for

rice 1n sumner (Al),

The ccmbination betwecn trealmentl and sequence
reveals thel among the sequences,the daincha-rice~rice
gave the maxemum berght 1n all treatments followed by
the sequence pulce-rice-rice, sweet potato-rice-Iice ana
rice-rice-rice. However, 1in all cthe sequences the treat-~
ments have a significant effect on plant height. The
trezlments with the full recommerded dose of fertilizer
(Tl) and a fertilizer dose of full N and P wich three -

fourth of the reccommended dose of K (TG) recorded the

maximum plant height. This was followed by Tl‘ T4, T5
and T3. The least plant height was recordeo on T3 in
all the sequencec. However, the treatments Tl’ T6' Tz,

’I4 and TS were on par.

In a nut»snelljlt 15 worthy to ncte that the sequ-

ences comrrenc.ng with a legumincus crop namely Jalncha (Az)



cr o pul oul"~ as cowoee {(13) raz teen able to c_fecta-
el , ral.e 2r increcse the mee ne_onT of Lice mlant an
the cabscou noe va Lhpu ~ron. Lhoo Y2s parpened hotn an
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