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Ihocphorus is an eEtcnuial nutrient element 
directly aileeting crop yield. Iu  i s  also one of the 
nutrients found to be deficient over largo areaa m  the 
country. Addision o.i phGBphoru& by way of fertilizer has 
thus become a noces' ity under most conditions for augmenting 
ciop yield. However, fertilizer phosphorus is a costly 
input. Shis and its relatively poor utilization by 
individual crop end fixation ~ immobility nhenonone in 
the soil are noae of the principal factors which hoc 
promoted attention of the planners, scientists and for ere 
siile torards most efficient management of fe_tilizor 
phosphorus.

In large parts cf the country where irrigation 
facilities esust b*o or even three or more crops are 
raised on a year. It has been recognised for sometime 
that fox efficient ure oi fertilizers, fcrcilizer 
rccounenactions should tahe into account the cropping 
cistern as a whole runner then individual crape. Shis 
aspect jc particularly important in the ecu e of phosphorus 
where the percentage utilization of phosphorus by the 
crop to which iv i s  applied is rather low and t here
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there is eonsideraM e residual effect. In a cropping 
ystar1 re"!oval of phosphorus '03 the fir t crop normally 
dotx nijZ exceed 10 — 20;i ol the added phosphorus and the 
rest ousys on the -oil (landon, 1 9 7 6).

{The 1II - SAO Sep-Lpcr on 'Gptxmricp; agi 3 cultural 
production uudei Jirsxted avail anility o£ fertilisers' 
inter alia reeonuendef that 'Soil test should be linked 
n t h  noil topography, soil texture anc cropping system 
lather- than individual crops'. Jr furuher rscoriiended 
that 'fertiliser recoirrersdatioa should be nade taking into 
cognisance the cropping cy&tejp as a whole rather than 
individual crops'.

Short. &e-xfc to be five major lines of rnvesti- 
gat ons < ith regard to deterciniut, the need for 
fertiliser phosphorus by laaxvntdual cro^s in a cropping 
sequence or the iaitci as a »hole. Thoj are 
(1 ) experiments designed to study t' e direct, residual 
and curulanv^ efface*1 of fertiliser nutrient: ip a single 
year ^ixcl t* o crop sequence (ii) expdrxnents designed 
to study the residual effect alone of the nutrient applied 
to a crop on the succeeding one. (iii) rypennents 
designed to study the impact cf cute in recomendcd 
fertiliser dosoc through adkoe apportioning oi the total



available rertilizer to various crops in the sequence 
(iv) investigation to elucidate the role of specific 
nuvxxent fractions for individual crop or crops (v) investi­
gations relating to availability and brancfoxcation of 
phosphorus in soil end linking this xitfa the specific need 
of fertilizer phosphorus by vhe crop. The fir t three 
are agronomic in approach and the latter tuo arc of 
importance to soil chemistry and soil fertility, (Cosuari 
and Ciagh, 1976)•

She fertilizer need of a crop in cropping syovom 
mainly depends upon the characteristics of the proceeding 
crop and the kind and quantities of fertilizers applied 
to them, fhe management of fertilizer phosphorus could be 
vievod Iron still anorher angle namely, from the point of 
viei c f  root activity and soil versus fertilizer phosphorus 
feeding eapaeiuics of different crops. Cheoc too phenomena 
viz., the residual effect of phosphorus and rhe differential 
capcities of planus to utilize soil and fertilizer ho suborns 
have been taken advantage of in fozxiulating fertiliser 
phosphorus recommends n o n  s for cropping systems. (Hoy _et el_. 
197S). Prom uhe bulk of rhe long term neld experimental 
data ensnaring £zvrr the Ail Indian Coordinated Agronomic 
Kese&rch froject of the Indian Council of Agricultural 
Hesearch (IOAiQ , it night ho inferred that phoaphare 
application may be favoured m  Pabi (dxy) season crop (whcvt
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in a maize - wheat, sorghun - uheat, psarlciilet - x heat 
(Goc ami and bingh, 1976) and- rice (zlodded) - wheat 
(Singhania and Gocxomi, 197^ and Joshy, 1974) rotations.
This is because wheat cannot utilize the x’esidual phosphorus 
in the form of le ~ P which i& the major transformation 
product of phosphorus after rice but rice can utilise re - ? 
besides A1 - P.

Inclusion of deep rooted crops and legumes in 
particular in rotation nay be most effective in making 
phosphorus available to succeeding crops in the rotation, 
(lehcja, >1966). Srivastava and Psthak (1976) reported that 
total response to phosphorus in a padly-gram cropping 
sequence uas higher when phosphorus fertilizer Mas applied 
to gran crop ana the residual amount of phosphorus was 
utilized by the succeeding paddy crop as compared to its 
application to paddy crop and obtaining residual effect on 
gram crop. I'hus .inclusion of legumes in a crop rotation 
helps in improving the soil fertility resulting m  higher 
yield o£ the succeeding crops as compared to precetding 
exhaustive cereal crops. She common rotation followed in 
the rice fields under Kerala condition includes a legume 
crop like cox-pee or a non legume crop like sesanom during 
the third crop season, therefore the present study was 
taken up x ith nce-rice-coupea/sessmum cropping system
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uith the following objectives}

(1) To find out the possibilities of skipping phosphorus 
application in say of the rice season in a rice-rice- 
legume/non legume cropping system.

(2) To assess the residual affect of phosphorus application 
in a rxce based, cropping system uith legume/non legume 
during the third crop season.

(5) To find out the siuitable phosphorus management in 
a rice hased cropping system.

(4) To assess the economics of the different treatments.
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2. fiMlEti OF

It has been recognised that for efficient use 
of fertiliser nutrients, fertiliser recommendation should 
take into account the cropping system as a whole rather 
than individual crop, l*his aspect is particularly 
important in the case of phosphorus where the percentage 
of utilization of phosphorus by the crop to which it is 
applied is rather low and where there is considerable 
residual, effect. Considerable amount of research wciic 
has been carried out in India to increase the efficiency 
of applied phosphorus by crops. Broadly spooking 
research effort’s have been directed towards 
(a) management of fertilizer phosphorus in a cropping 
system and (b) phosphorus forbilizetion in low land paddy.

dome of the salient works in this field arc 
reviewed here under.

2.1* lsky£deo~chemieal properties of rieo soils

Because rice is grown primarily in a lowland 
(paddy) soil, the physical properties ai the soil are 
relatively unimportant an long as sufficient water is 
available (Kawaguchi and ICyuma, 197?)*
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In cuonorged and completely saturated paddy 
profile^ all poreo are Tilled ' ith water so that aeration 
id drastically or totally curtailed. She water in the 
soil also refer ofi to as soil moisture constitutes the 
soil solution. Considerable characterization ol lou land 
n c c  soils is done by doteiEining the kinetics of nutrient 
eleii.on.ts in the soil solution (Ponnempciuma, d9?S).

(She productivity of lou land rice soils is 
heavily dependent on soil fertility or the chemical nature 
of the soil. Soil tilth which is considered highly 
important for an upland crop is generally considered 
unanportazrc for low land rice. Hoi ever, there are a 
nunber of physical properties of soil that are of importance 
for growing m e  ox xor rice based cropping system 
(Do Batta, d9S 1 ).

2.S-. Phosphours transformation in rice soils

Many workers have reported that the behaviour 
of phosphate in uatei logged coals is renarkably different 
fron that an upland soils. She unique soil conditions 
created by water logging influence the fcrsnsfomstion end 
availability of both native and applied fertiliser 
phosphate.



She cuggcntion that submergence of a soil causes 
an increase in the solubility of phosphate was first made 
by Bartholomew (1051) who observed that Arabansas rice 
shox ed no response to phosijhate fertilizers even an coils 
low in phosphate.

She nechanisn of phosphate release m  a flooded 
soil nay be explained by (1) reduction of insoluble f e m e  
phosphate to mors soluble fonous phosphate (Islam end
1.1 ahi, 1954). (2) release of occluded phosphate by 
reduction of hydrated f e m e  oxide coating (Chang end 
Jackson, 1950)* (3) displacement of phosphate from f e m e
and aluminium phosphate by organic anions (4) hydrolysis 
of fer ic phosphate and (5) anion exchange between clay 
and organic anion QJussell, 1962).

tlosi ot al. (1973) concluded that lo ’ land rice 
was not likely to respond bo the addition of pbosphetie 
fertilizers as upland crops which say be due nor so much 
to a lower nutritional requirenent for phosphours but duo 
to the release of soil phosphorus under submerged condition 
Bedrna (197*-) observed that in acid soils 90 per cent of 
the applied superphosphate was transformed mio Al-P and 
i-e-P, but in neutral and calcareous coils only 50 per cent 
of the apylioc phosphours va^ transformed into these form.
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Kombleva (19?4) observed thsi. lo-£ and Al-P a-c the 
predominant fractions in acid Hood-plain coals. Between 
CO and 65 per cent oi the phosphorac applied as diccleiux 
phosphate is fixed in the Soxx? oi sparingly soluble non 
phosphates,

Gupta and Singh (19??) observed that the poor 
response o j  ncc to applied phosphoreo i  as attributed to 
the inors-cce in labile phospho^wo uuzirg flooding.

2.5« Uptcho of phosphorus by rice plane.

Kehrotxa et al. (1968) found that the rate of 
phosphorus absorption ccnfexnuocl to ancroooe throughout 
the grouth period, ifephacU (1569) le.ortcd thou the rate 
of phosihorus absorption uas nueh higher at 40 to 90 days 
after transplanting than at other period.

All and nor^chan (1973) r^poittd that In iheld 
o'operinont̂ , the uptane ox phosphorus by rice plants i;ao 
higher at the early stages of groafch. throughout the 
crop grouth total uploLo of «horphoruD nar greater under 
subnorscd conditions. £iuthus,;amy et al. (1 9 7 3) found that 
50 per cont of the total reeuircnent o._ phosphorus tan 
absorbed Decuecn panicle initiation and flouarxng. 
Alexander et al. (1974) obceived that there l a s  a gradual 
increase m  the phosphorus uptake fron raaxinun tillering
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bo f l o  e2* io ^  a n J  t h e n  a  ^  i ->tl r c i c a c5 l'\  o..

i l o  ^ x a  „ t c  h a i v ^  t .

e o x e e a r n a  (1976)  r - , ,  o x u c J  t h a t  t i e  r  t o  o f

u/tc.he irrcr-acw frc.. one to tlux "onth^ a_’ : to -a
a  jo . i a s  t r ^ x :  i u  t h t  «,hoa 3 .  i*nc l o  j - l o I T i

c u l i  t v c  r o .

xrutirvEcaj ana cure nan (1f>’0) found that 1Sao 
upt tire 0 1 t haf £liorti vz, hi0hc ,. t h-r\ t eta irha a  a >.
(1930) ob^rvnl tlut apt lie ox tot 1 uho^fioxu c id
fertxliacr ^ho-.phoz'u ina eaectl „-o 0 to '.I1 it' t x
bhiie Uoj.i_aati»n xrsinocji o tb>. erpiic^ iho. .jboruu 
€ c arrOo Jnoi-cc x robe iru ■> e. pcaly
sad at„a; .vx'dC .'.'i.. <leci»_a..c a_ ioFo of .oil t ho pho j s ,

ror lo _,x et g_i. c (19VJ) occprvoc ui„*t mtieacL.\
l o Vih of afi 1 b e f h o  ..pho-ru 'lexer,. -...d the total u^t o 
end pnorfho'tt- tr'tclu , bat icciu'Oi. ainaxloot''
coil paotphome uptake ana uo ilxcution i C ’cenfec o of uho 
azh li-«- _ noc „ n o m  c v  i.ii-' til'o j jK * , _ l o ^ t  xj_„ n t

E ” JUEY u K E  It [- .

< .  d o l e  o  p h o s p h o r a -  o”  r i c e

P. .1. Tlkeofc ,K- _jl'3 ~ n c  oi j o  tii chaisebcr^.

1 .  1.1. Plant xaji o

X 'e  n x v ^ c a l u  t a a  1 b a r  (1955)  rcioafi t h a t
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phosphorus has no effect; on the plant heighr at any of 
the growth stages.

Hair et al. (1972) observed that plant height 
was unaffected by phosphorus application. Alexander et al.
(1973) reported that phosphorus had no influence on plant 
height. Kalyanikutty and Horachan (1974-) reported that 
phosphorus did aoe have any marked eifoct on the height.

2.4.1.2. 2illei' number

KohantatfflEr (1967) reported that phosphorus 
application increased tiller production. Hair (1968) also 
reporuod similar results. Hair and Pisharody (1970) 
reported that villering was markedly influenced by 
phosphorus application.

Alexander et al. (1973) reported than phosphorus 
had no offset on the number of tillers per hill. 
Kalyanikutty and Horachan (1974) reported that phoschone 
acid did non seen to havo any marked effect on the number 
of tillers. Shiga (1976) reported that in rice tiller 
number increased until the P content reached about 0.£ 
per cent PpO^. Guseelan et al. (1977) reported that 
phosphorus had no effect on tiller production.
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2*4 *2« Effect of phosphorus on yield attributes*

2<d-*2f1* Productive tillers and panicle

Haee et .al.» (1970) reported that the number of 
panicles were increased with increase in levels of phosphomo* 
Uair et al*- (1972) reported that the number oi o r o d u c t i v G  

tillers per hill was highly influenced by the phosphorus 
application* Ishattacharya and Ohatter.jee (1978) reported 
that application of I aided early tillering which resulted 
in more saniele bearing tillers*

Alexander et al* (1975) found that application 
of different levels of phosphorus did not have any positive 
ofloot on the percentage of productive tillers* Badanandon 
and Sasi&h&r (1976) also observed that increasing rates of 
applied P had no significant effect on the number of 
productive tillers per- hill*
2*4*2.2* ITuotber of gx'eius per panicle

Aaron et al* (1971) reported that increasedw rn iir  a M M  *  *  *-

dressing of phosphorus incrossed the numb;;.: of groins per 
panicle* .Ulugh -end Yosua reported an increase
in the number of grains per panicle with higher hates 
of phoophoiniG application* Sasaki and. tads (1975) reported 
that lot levels of phosphorus increased tho peroentage of 
sterile grains said cars be altered by the level of 
applied phosphorus*



Alexander et al. (1973) reported that the gram 
nunbei'/paniclc lias unaffected by phosphorus application. 
Kalyanikutty and Horachan (1974) shoved that phosphoric 
acid did not have any marked effect on the number of grains. 
Sadanandan and Sasidhar (1976) found no significant 
effect on the number of filled grains per panicle with 
increased rates of applied phosphorus. Suseelan et al.
(1977) reported that phosphorus application did not 
significantly influence the percentage of filled grain.

2.a.2»3. '-thousand grain weight

Haj under (1971) observed that thousand grain 
weight wan increased with increase in phosphorus application. 
2handspani and Eao (197S) reported that phosphorus levels 
increased the thousand gram weight. Choudhury et al.
(1978) reported that thousand groin weight increased 
uith increasing P application.

Place et al. (1970) recorded e decrease in 
thousand groin weight with increase in levels of phosphorus. 
Alexander et ol. (1973) observed that different levels 
of ohosphoruc did not have any positive effect on the 
thousand grain weight. Bao et al. (1974-) reported that 
the thousand groin weight was not significantly influenced 
by the levels of phosphorus. Kalgremilcutty and norschan



(1974) observed that phosphoric acid did not have 
any narked effect on the thousand grain ueight.

Effect of phosphorus on yield 
2.^.3.1. Grain yield

Khafcua and Sahu (1970) roportod that application 
of 40 kg phosphorus per hectare resulted in increased 
paddy yields compared to no phosphorus application. 
Hojumdai' (1971) also observed increase in paddy yields 
uith incronental doses of phosphorus applies Sion.
Increase an grain yields i ith phosphorus application xas 
also reported by Kalyanikutty and Horachan (1974). 
According to Gopalakrishnan et al. (1975) grain yield 
uas influenced by phosphorus application. Choudhuxy et al.
(1978) reported that phosphorus application influenced 
paddy yield significantly. Ittiyavarah. et al. (1979) 
reported than yields uere adversely affected by onitting 
the application of phosphorus in alternate years.
Shiota et al. (1980) observed that uithout phosphorus 
yields uere reduced by 4-0 - 50 per cent.

fcood et al, (1969) reported that grain yields 
uere not significantly affected by phosphorus application. 
Sundsrac et al. (1969) reported that there is little or
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nitrogen. Loganethan and Had (1971) reported that yields 
of padey were not affected by the application of phosphorus. 
Studies conducted by Hajendran et al. (1971) showed that 
there was lach of significant response to phosphorus at all 
centres with medium to me-druri high available phosphorus 
status. Ho significant effect on grain yield was observed 
by the application of different levels of phosphorus by 
Alexander et al. (1973).

Scfionandan and Sasidhar ('!976) observed that there 
was no signiiicant difference in the yield of grain due to 
various levels of phosphatic fertilisers. Suseolsn et al. 
(■1977) revealed that the grain yield t as not influenced by 
phosphorus application. Krisbnanoorthy et al. (1979) 
reported that in rice cultivar IR-20, out of dg crops tried, 
applied phosphorus increased the yield of only six crops.

Dargan ec al. (1980) reported that applied 
phosphorus had. no effect on the grain yield. The results 
of 20 field trials by Rojas, end Alvardo (1982) revealed 
that phosphorus had no effect on the yield.

2.4.3.2. Straw yield

Place ov al. (1970) observed that increasing 
phosphorus application increased straw yield but decreased 
the plant height. Supta et al. (1975) obtained higher straw
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yield uith 60 ppm phosphorus. Singh and Prakash (1979) 
reported that the crop showed significant response to 
phosphorus application. Sinha et al. (1930) also reported 
increase in straw yield uith phosphorus application.

However, Loganathcsn and Haj (1971) reported 
that cbrat; yields were not affected by the application 
rates of phosphorus. Alexander et al. (1973) observed no 
significant dffect on straw yield by the application of 
different levels of phosphorus. Sadonandan and Sasidhar 
(1976) found that increasing the rate of applied 
phosphorus had no significant effect on the yield of straw. 
Grain and straw yield wore not influenced by phospnorus 
application as observed by &usealaa eb. al. (1977)

2.4.4. M'fcet of phosphorus on the uptake of rajor nubrients

flohecakutnai' (1967) observed a decrease in nitrogen 
convent with increase in phosphate application in rice.
Vai-na (1971) reported that n uotake in grain ond straw 
increased with increasing rtrccc of both IJ and P .  Cingh 
and Prekash (1979) found that the application of P increased 
the uptake of K significantly over cuntrol. Agarwal (1980) 
recorded an increase in the untake of nitrogen fron 34.2 
to 51*8 kg from 0 to 180 kg dosea of phosphorus application 
up to tillering stage.



Kalyanikutty and Horachan (1974) concluded that 
increased application of PgO^ did not have any influence 
on the nitrogen convent in the plants.

Uohankumar (1967) observed an increase in the 
phosphorus content uith increase in the rates of phosphorus 
application.

Serman and Allen (197C) reported -chav the 
percentage of plant phospboru" iron labelled fertiliser 
and the uptace of fertilizer phosphorus increased in all 
situations uith the amount of applied phosphorus and 
decreased uith increase in soil phosphorus level.

Alexander et al. (1974) reported that tko effect 
of different levels of phosphorus uas not significant in 
increasing the phosphorus uptake by the plent at any of 
the growth scages. Suseeian et al. (1976) reported that 
there was significant increase in the uptake of phosphorus 
oy ine plant with iaer asxng levels of phosphorus,

Singh and Prakash (1979) reported that £> ppplicatior 
brought about increased uptake of P. Eastogi et al. (19S1) 
showed that increasing levels of applied phosphorus 
incx'eased the total phoenhoiuc uptake and fertilizer 
phosphorus uptake, but decreased available phosphorus
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uptake and utilisation percentage of the applied phosphorus 
at tillering, flowering and maturation.

X&ggrrsathan and Sa^ (1972) reported that levels of 
phosphorus did not influence potassium uptake by grain* 
i'iiandapani and Rao (1975) found that applied pfcocphox-us 
had no effect oa the potassium content of plants and 
grain* Agarv/al (1978.) found that increase in the uptake 
of Ut P and K vea highest with applied II followed by i
and K* £»ingh and Prukash (1979) reported that addition
of i was beneficial for K uptake and a consistent increase 
in li uptake was observed ugto 80 kg P^Oe/ha. Acarv/al (1980) 
reported thst increase in the potassium uptake was from 
35-9 to 129*9 kg/ha due to phosphorus application.

2*5* hole of phosphorus in cowpea

2 * y . 1 *  kx.CwOu oa jj 11 o iioi. tia o n  pro..

iieward and ke.-d (1969) pointed out that in
ccvpau, plant growth was significantly increased by
increased aorlication of fpQr-. The 'response oi corn oa

a 5
tc different t' levels was studied by Malik et al. (1972)*• nb»<cv» mmm

and he observed that forage production increased with 
increasing levels of P upto '90 kg PgOy'ha* ho effect on 
grcenmatber end urymattor yield, oi cowpea by increased 
application ol r was noticed by dun&araE et al* (1975)
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Vegetative growth of cowpea was studied at three phosphorus 
levels and it was noted that increasing level oi applied 
P enhanced growth and increased flower, leaf number and 
leaf area (iarila et al* 1977)*

2.5*2* Effect of phosphorus on yield

Singh and Lamba (1971) studied the effect of 
three levels of PgC^ on cowpea and found that highest 
yield of cowpea was obtained with 4*5 kg P^O^/ha* Johnson 
and Evans (1975) observed that cowpea yield was not 
affected by P application in soils where the P content 
was higher* Sub&assnian et^al*(1977) found increased 
number of pods per plant and number of grain per pod in 
cowpea due to app3.ieation of 25 kg PgGy'faa. Ahlawat et al* 
(1979), reported that application of phosphorus had marked 
effect in increasing the yield attributes dumber of pods/plan* 
pod length and 1GO grain weight)and grain yield in cowpea*

2* 5* 3* Effect of -phosphorus on nutrient uptake

iswaranet al. (1969) reported that plant uptake 
of total P, fertiliser P and soil P were significantly 
higher in inoculated plants of Vigna sinensis. Phaseolus 
aureus, and Phaseolus nmngo by the application of SO kg

.a*
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Sahu and Bekera (1972) reported that in cowpea* 
nitrogen content on shoot and grain increased significantly 
by 3? nanuring at the rato of 22.4 kg/ha. In cowpea, 
application of 5° kg PgO^/ha increased the uptake of 
phosphorus. (Sharaa et al. 1974). Bollin Bhaskar (1979) 
observed that the uptake of K, P and K in greengrom was 
higher ^ith increased levels of phosphorus.

2,5.4. Effect of phosphorus on soil fertility .̂vatus

Khare and Hai (1968) showed that in a feu 
legurfliaoue crops like soyabean, cowpea, dhaincha, iaung 
and und, application of P increased, nitrogen con font of 
soil exgniiieantly. Garg, et al. (1970) iron tri-cls 
conducted i ith cowpos indicated that V application at the 
reto of 57» 74 or 11"> kg PgO^ha caused increases in 
residual nitrogen and phosphorus convents in soil. Sahu 
and Behra (1972) ob^erv^d that application of phosphorus 
(22 .41 kg/ha) increased the soil nitrogen content by 58,
29 and 20 per cent over control in crops of cowpea, 
groundnut, greengran respectively,, Applieacion of Io0^
to leguieo at the scto of 35 and 70 kg PpOc/hs increased 
the nitrogen concent of the soil significantly. Jhe 
nitrogen content oj the soil * ith 70 kg 12/)_ vac 
significantly highe c tnan that i ith 35 &G SgO^ha 
(Ghundai at, 1972). Cha^na and Yadav (1978) reported that



iu field expeiaments conducted 3th gram, the available 
PgOjj content of soil lccrea&ed n t h  the addition of FpO^ 
upro 34.8 kg/ha in 1972-73 and 52»2 kg in 1973-74.

2.6. Eiolo of phosphorus on sescmua

2.C.1. Ifft-et of phoeishorus on plant gro.th

fianires et al. (1975) fdund that placement of 
phc -.phonic mcxc-eetd plant height in seeanun. Pahran 
cv al. (1978) also indicated that the number of bronefaae
par plant in oafflo <er increased uith ircreared levels 
01 P. A cool'd m g  to bxriy e£ al. (1978) xaercosc an cho 
rate of P application, increased height of plant ia 
ceeannin. Itanirea et al. (1975) reported that application 
30 kg Jb,0^/ha placed alone with seed _ , * .no 6 cn beloi 
increesed the drynatter oi socanc. ’icdenhorcn and 
Garocaxo (1975) repoitad that I applied in t.aid £—4 cn 
below se.d increased height and dry matter of sesame. 
Daulay and faugh (19S0) noticed e linear increase m  dry 
natter production with an mcroc.ee m  J? level. 
Jalaludeenkutty (1985) rej.ort._a that P end K along \ ith 
£T had a positive eifeet on dry - eight of plants.
Reveen&r til) Zlc’Xi' (19S7) I’cport'-d that applied phosphorus 
could extent significant influence on the muabe- of leave 
per plant in all stress of fgrovth of sess mum. Kaonphorur
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had significant influence on leaf area index at 4-0 and 
60 days after saying and on total dry ostler production 
ac oil ctages of grouth.

2.6,2, iiffcet of phosphorus on yield and yield attributed

rsimian e£ al. (1973) found thac uhe number of 
head cf scfflo'./er increased with iner^a^od level of 
applies ■cion of P and obtained aarmun heads a _th the 
application of 30 kg PpO^/ha, Gixija Bc-vi (1935) ’•cported 
tnau there vas significant influence for P on a eight of 
pod/plant, number of seed/plant* 1000 scud ' 'eight and 
.finally the seed yield of seoaajm, JalaliidcenKutty 
(1S&5) also reported significant influence i ith 1 cn 
100 coca j03 gnu of si Stjnjn.

Eai end Orxv&rtva (1968) condaci»-d orielo in 
ccsanun on rod loan coil and found tlî t che.e i ac not 
nuch r:s, on&e uo P application i ith reppoct co seed yield. 
Gear and Irehan (1973) found uhut ceod yield t ss higher 
u i t h  90 hg PgGjj/ha m  Kherif serson in seca&uin. Gouda (l97iA 
pointed out that seed yield w s  highest -uith 20 kg B^O^/ha 
(•'i»v4 t/ha). i^ingh and Kaushal (^975) ^Oidied uhc 
response of raiafea sesemua to fertilizer levels and 
found that api-lication of 50 kg I^G^/iia along uith N 
increased yield, from 431 kg/ha to 617 kg/ha.
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Oennaiyen and Arunachalan (19?8) pointed out that 
application of 2 5 kg PgO^/^a to gingclly vam&ty 5SIV-3 
gave highest yield.

Kachapur et al. ("1979) reported that average 
seed y i e l d  of 4-05 Its/he ' ’as  obtained uith EC kg pfaofthoruo 
in aiger coape_£>d to 22,5 kg without fertilize.!.. fctndancnda" 
sad Scsidhcr (1979) reported that seed yield df occanum 
variety EajaamilsH-l grown in _cd lorn ^oii ; „a oigri ’icanclj 
influenced b y  ? application et the rate of 0 -5 5  Sc/ha•

K a i t i  e t  a l . (1981) po in ted  out th a t  seed y i e l d  o f  s i x  

DecetnHP c u l t i v a t e  as iacri. s by tbs a p p l i c a t io n  o f  r  

a t  tn c  r e t  c i  ;j-0 k g /h a .  G ir iy a  L ov i (1SS5) p o ii -ted  out 

■chat a p p l i c e t i o n  o f  a o i g a x i i c a n t i y  m c r o a c c d  vho weed y ie ld ,

2 . C . 3 .  IS ffset o f  pho sp aortic on the uptake o f  n u v i ie n ts

Karirez et al. (1975) reported that TS uptake 
vos highest ,;bare the P '"as placed 2 or l\ caifê lov, ac..df 
Eegresolon coefficient calculavel for P uptake and day 
*, eight ' re ''igniiicanv iudrearing thu effect cf 2? on the 
grot th conponont, Vir and Voma (1979) conducted bri<JLs 
on phosphorus- oonter b and ohear uptsjio m  ruinf cO msiord 
ard found these application of S 50 kg/ha increased
seed 3? concent and uptake of I* and P. Gariga Devi (1925) 
reported that J? uptare was increased oigrifxcanrly \'ith 
applied 3? and highest uptake was recorded <ith highest 
level oi 1?«
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2.7. ilioaphorue availability in rice based cropping system

Rotation oi rice and upland crops is one of uhe 
important cropping systems in rice producing countries of 
the tropics. In the rotation of rice and upland crops 
the soil undergoes alternate submergence end drying and 
ac such the soil P status xe also changed considerably 
during these processes. Several studies have been conducted 
on the change of coil P durin0 the conversion from dryness 
to submcrgerce of soil (Ilahcpatra and Patrick, 1569;
Islam, 1970; I'andal end Khan, 1972; Gup^a and Kcnal Sayan, 
1975; ond Singh and ’Gam, 19765* Excellent rvsnei ^nicies 
x;ere also brought out on ulna aspeco by reputed. ccxonuists. 
(Patrick end Jlahapetra, 1°C5: Pcniuiccru’~c, 1972 cud Sandal, 
1979). She trcrsfomation resulting from alternation of 
dryness and subnergencc induce^ an mcrracod availability 
of soil P. Gosuani and. Banerji (1973) considered bho cause 
01 ocas increase to be due to (x) zeleasc of 1 fro® organic 
P (ii) merest,'* in solubility of P resulting from 
decreased &0 1I pB due to the aceumulacion of COp in 
calcarccuc oOil (ill) reduction of I’e P0^« 2HgO to 
S HgO 1 iuh higher solubility (iv) higher soluoilitiec of 
Pe K),p 2 Ii-G and Al PO^. 2 il-,0 resulting from hydrolysis 
due bo the increase of «oil pH in acid end strongly acid
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soils (v) release oi phosphate ions from the exchange 
ie-svrê n organic sn x a n  end phosphauo 2.0ns in lo, Al phosphates 
and (vi) incxxaoed  diffusion of 1 under submerged conditions.

It ij gaaeinlly known that factor- that may 
increase the availability of P disappesu with the change in 
soil condition ±ro~ reduction no oxidation. However, some 
investigator^ havo also found chat bh_s process eon .increase 
the availability of soil P (Savant et al. 1970). In this 
case bho m e  rear c in available P may x-esult from the 
mineralization of organic P in soil while the availability 
of iron and aluniniun phosphebe may bo decreased.

It is clear that m  a rice based cropping system 
including upland crops* -she soil P availability pattern 
changes. Iseroase 113 1 avaa lability occurs with Gubnorrenc c 
ond \hen soil changes to the dry upland condition i 
availability cay be decreased.

2.8. Barnet efface of phosphorus on growth and yield of 
system eocponen bo.

On high P fixing soils a loi er doso night not 
givo a rpK.sons^ and the coil hunger remains, in acute 
P deficient ar̂ -cs rt^nonsv, to J? alone hao boen corn arable 
or even bet-cr than tnat to U az equal rates of application. 
Supply of P to crops is usually nadc through the medium of
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soils and a t  as Ksct free the P p resen t  in  the s o i l  and 
thet supplied 07 th e  a p p l ie d  phosphate f e r t i l i z e r  the 

adequacy or deficiency o i  tha i ' o m o r  a or crop production 
determines the need 01 the  l a t t e r  (G o sv e c i ,  1975)»

Be Batta and Goaez (1975) reported that whan 
one rice crop per yoer was grown uith adequate. H, rcseponse 
to B Eight toe Earcmol, but response night become rarhed 
under intentivo race cultivation. Pat&l (1975) oboerved 
that low land rice scale (Bandy loam to uandj city loon) 
have lot P fixation capacity end on submergence the 
availability of native $ increased and shooed significant 
correlation with P uptake by rice though there acts no 
isjponoe for fertilizer P on gram yield and P concentration 
in grain. Pathak ct al. (1975) observed a loo re£4 once 
of applied P toy n e e  crop. I'hxs is prinamly becaueo of 
the submerged condition obtained in rice tfcieh snakes the 
Pe-P and occluded P available to rice crop. Application 
of P aided in early tillering capacity and early tj.llor 
gave more panicle end percent of filled Ejiteelets in nee 
(Bhattaeharya ond Chatter;) ee, 1978). Response of crops 
to P application in India has been reviewed by Kanzaria 
(1979) Ke^lu et al. (1979) end Venkata Boo and fubba Kao 
(19 7 9). Kaavar et si, (1982) observed that to prociuce 
6 t/ha of grain yiold, a rxee oroo renoved about 60 kg P2°5*



Hatzel (1982) proved that P deficiency during the period 
of tillering of cereals required in a reduction of the 
number of ear bearing culms and grain yield* B’roa tillering 
to shooting cereal plants set high demands to the relative 
P uptake under field conditions.

Joshi (1974-) reported that the utilization of 
applied P in a vheat—rice cropping system is more vhen 
phosphate is applied to wheat than to rice. Prasad and De 
(1975) at IARI reported the results of a three year 
experiment involving a multicrop system of 5 crops in 
a year namely 1 ;heat-moong-bajra and concluded that if 
60 kg PgO^/ha vere the annual budget the entire quantity 
would go to uheat and if 90 kg P^O^/ha, it v;ould be equally 
divided between noong and bajra crops in the sequence.

In the agronomic studies on fertilizer phosphorus 
requirements of fixed crop rotation, Ooswaci and Singh (1976) 
found that in kharif race-rabi rice cropping system data 
over three to four years available from seven centres of 
which an four centres, application of fertilizer P to any 
or both the two crops seamed to be of doubtful utility.
At the resc three centre^, application of P at 60 kg PgO^/ha 
vo only one crop (either kharif or rabi) appeared to be 
adequate. In rice—wheat system, results from seven centres 
showed that fertilizer P used no be applied to only one 
crop in the sequence.
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i'andon ('1976) observed that the removal of V 
by the first crop necessarily does not exceed 10-20 per cent 
of "she added P and the rest stays on the soil. In a rice 
based multiple cropping experiment conducted at Coimbatore 
(Burushothamn, 1979) the yield data revealed that reducing 
the fertilizer application to each crop to 50 per cent of 
the reconncnded level caused a considerable reduction is 
the yield of all the crops, ceicais being the most affected. 
However, application of H to each crop and P and K only to 
cummer upland crops gave s-uniler yields a- application of
recommended level of IIPK to each crop. ffhuc P can be
restricted to only the cummer crops saving about 100 
kg tgO^/ha/year. Ve.nkatesi<arlu and Bhaskara Hao (1979) 
pointed out that sloe gracing deep root crop (castor) 
respond lee., to B while shallow rooted quick gro zing cereals 
(Sorghum, penrlmielet) require higher doses or P.
Similarly n  c legume (Go. pea) ic taken up as the first 
crop in sequence all f0^ for the system to be applied to
coupca while the 11 would be supplied to the planting
cereal > ith reduced phosphate dose.

Fertilizer use- in xice-nce cropping "ysten 
was locor&ed by Hahapacea ot al.(l9Sl) from the results 
of field studies conducted m  different centroo xn India 
under the All India Co-ordinated Agronomjc Binperxmento 
Project (AICAEP). In a douolc crop system with modem
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to the proceeding wheat crop* Thus application of P 
fertilizer (26 kg P/ha) to wheat only was sufficient to 
meet the requirement of both crops, Datta and Gupta (1984) 
reported that in acid soils of Ifagaland, both wheat and:-rice 
responded to P application, Phingra et al, (1984) from 
their f our year study on. maize-wheat* bâ ra-wheait?, 
groundnut-wheat and greengram~v;heat cropping systems under 
Punjab conditions observed that wheat responded significantly 
to direct P application* ■ In wheat^riee, wheat-maiz e-riee 
and beroeem-riee cropping systems, Rekhi and Heelu (1984) 
found that rice didinot respond significantly to direct P 
application in all the three rotations* Singh et al,(1905) 
got a direct differential response of 3*9 and 7.3 q/ha 
due to 30 kg and. 60 kg PgQ^/ka in rice, fihe response- pgr 
kg of P showed declining trend as its level increased in 
the direct series*

It is generally accepted that response to applied 
P is lesser than the applied crops* IMs is primarily 
because of the submerged conditions obtained in rice which 
make the Re-B and occluded P available to rice crop. On 
the contrary under upland condition there is likely to 
be more response to P application if the soil is low or 
medium with regard to available P content. Hence in a 
multiple cropping system, it is only rational to apply 
the nutrient to the most responding crop (Palaniappan, 1985)
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to the proceeding ihcat crop. Thus application of P 
foi uiliaor (26 kg P/ha) to ukeat only uas sufficient to 
Eoeu the rec;uiresn&nt of both crops. Dafcta and Gupta (1984) 
reported that in acid coils of Nagaland, both cheat and '-ice 
responded to P application. Dhingra et al. (I98i;) fron 
the.r four year study on sciES-oheat, bajra-uhoat, 
groundnut-uheat ond grecngraza-v heat cropping systems under 
Punjab conditions observed that wheat responded signiiicontip 
to direct 3? application. In cheat-rico, wheat-naazo-nee 
and bcrceen-rico cropping oystens, kokhi and Itewlu (1984) 
found shat rice didmot respond oicnificantly to direct p 
application m  all the three rotations. Singh ot al.( iS0 5) 
gor a direct differential response of 9.9 end ?„3 n/hs 
due to 3C kg ond 60 kg -pOc/ha in rice. The ro-penso asr 
kg of P showed declining trend as itc levol increased in 
the direct series.

It is generally accepted that response to applied 
f> i» lesser than the applied crops. B u s  is primarily 
bucau^e of tho submerged conditions obtained on rice chi.ch 
nolie the Pe-P and occluded P available to rice crop. On 
the contrary unde- upland condition theio is likely to 
be more response to P applicotion if the soil is Iqu or 
nedium with regard to available P content. Fence in a 
multiple cropping system, it is only rational to apply 
the nutrient to tho nest responding crop (Palanieppan, 1985)



2.9. Residual effect of phosphorus on growth and yield 
of system components.

Mikhail ana (1972) observed marked residual effect 
of P earned fron proceeding crops on wheat;, barley, pear 
and soyabean.

Sekhon (197ZQ  in vie./ of the large residual response 
to fertilize!' P and the observation that alternate applicatxor 
of phosphorus to kharif ond rabi crops *tas nearly as good as 
its application to both advocated the use of fertilizer P 
to be limited to only one crop in the rotation.

Singhania and Gocnanl (197*0 reported tnab there 
was little residual effect on iheat of the P applied to 
the preceedxng rice crop and suggested that in ncc-wheat 
sequence, the fertilizer P bo appliel to wheat only talcing 
advantage of the residual effect on nee. Shis might haie 
been suggested for 5 reasons (a) wheat removes higher 
amount of fertilizer P than rice (b) wheat could not utilise 
the residual P in the form of Fe-P which vrae the Ea,j or 
transformation product of P after rice and (c) rice could 
utilize Fe-P besides Al-P.

In field trials ith double cropping of n c o  ond 
barley, application of P to rice gave no response on the 
succeeding barley (Chang et al. 1976). Srivastava and
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Pathak (1976) reported that total response to P in a 
paddy—gram cropping sequence was higher when P fertilizer 
i/as applied to gram crop and the residual amount of P vas 
utilized by the succeeding paddy crop as compared to its 
application to padoy crop and obtaining residual effect 
on gran crop.

Ramamoorthy and Bisen (1977) also observed rh'fet 
rice had a greater capacity than wheat to extract P from 
Fe-P. In rhis context the results obtained by JJupta and 
Virmani (197*0 are interesting. Ihey determined the surface 
aenvity (isotopically exchangeable) of xnoriganic P 
fractions viz., Al, Pe and Ca-P in about 45 paddy soils of 
Haryana growing mainly rice-uheat in sequence and observed 
on an average 580 of the Al-P was isotopically exchangeable 
with added ^~P while that of Pe-P was 640 and Ca-P 110 only.

Eao and Sharcciwaj (19S0) investigated the response 
of greengram to residual fertility of nutrients applied to 
maize and wheai in the previous seasons. Haulm and grain 
production of green-graa was improved on account of the 
residual effect of fertilizers supplied at higher levels 
to wheat gro1 n  in the preceeding rabi season, fertilization 
of naize in the kharif season 'with Similar higher levels 
also carried sufficient residual fertility showing than in 
a eereal-eereal-legume-sequenee, the legume is benefitted
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from the P applied to the preceedxng crops. Chohal (1983) 
stated that while crops in the colder rabi season 
(wheat-rabi rice) benefitted more from a direct application 
of P, crops in the ’warmer kharif season (rice, sorghum, 
pearl millet, maize) could use the residual P more 
efficiently. Similar findings were obtained by Gill and 
Meelu (1983 a and ,1983 b). Batta and Gupta (1984) however, 
obtained significant residual effect of P on wheat in 
a wheat-rico sequence.

In rxce-wheat system m  the alluvial soils of 
Ludhiana, in rice—rice-syscem an medium black soils of A.P. 
and in red and yello. soils of Orissa, studies have shown 
that P applied to the rabi crop had great residual effect 
and that fertilizer P need not be applied to the kharif 
crop (Meelu and Moris 1984). Such observation were 
reported by Eekhi and Meelu (1984) in s.heat-rice, nheat-fodde 
maize—rice and bersecn-rice system, Biswas et al. (1985) 
also observed that m  potato*jute-rdce sequence P applicatior 
to potato alone was sufficient. Singh et al.(1985) obtained 
a residual response of 1.3 and 4.0 q/ha to P in rice.
The response per kg of P showei increasing trend as its 
level incresed, Bahama and Sinha (1985) obtained maided 
residual effect of P applied to proceeding legunie-. on 
wheat gram yields. In pot trials \ ith a wheot/greengraffl/
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rice sequence 50, 60 or 90 kg P as diammoniEon phosphate/ha 
was applied to wheat end it*. residual effect on the two 
subsequent crops was studied. Dr? matter yield, P uptake 
and the residual P uptake in both crops increased with 
increasing P rates, !Phe average utilization of the applied 
P by tke cropping sequence was 21.42# of which 11.850,
4.830 and 4.730 \ ere utilized by the let, 2nd and 3rd 
crops respectively. (Kundu et al, 4986).

2.10. emulative offoct of phosphorus

Gill and Me'flu (1983 b) observed that rico and 
wheat constitute a common cropping sequence. Pice did not 
respond to direct application of 60 kg PgOj/na, but wheat 
did. Application of P to both riee and \ heat gave no extra 
yield indicating absence of a beneficial cumulative effect. 
In a four year study on Maize-wheat, ba;jra--whdat, 
groundnut-wheat and wing toean-i/hcau cropping system under 
Punjab conditions, Dhomgra eu al. (19S4) reported ttat 
cumulative effoct of residual and direct; phosphorus doses 
of 30- 60 3% PgOj/he to kharif and wheat crops respectively 
uas equal to 60---60 and 60+30 combinations. Chaudhary and 
Eavhla C1985) reported a cumulative yield response of
11.CS q/ha of wfce_t grain m  Pearmillet-what sequence 
which was much higher than that obtained with direct or 
residual effects. Singh et al. (1985) Observed cunulativ®
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Prasad and Be (1973) at lAlil reported results 
of a two year experiment involving a multicrop system of 
three crops in a year namely liheat-moong-hegra and concluded 
that if 60 kg Po0^/ha were the annual budget, the entire 
quantity should go to wheat and if 90 kg lUG^/ha were
available, the extra 30 kg P^O^/ha could bo equally<«?
divided between mooag and ba^ra crops in the sequence.

•The fertiliser need of a crop in a cropping 
system mainly depends upon the characteristics of the 
proceeding crop and kind ond qualities of fertilisers 
applied to them. Inclusion of a legume in a crop rotation 
helps in improving the soil fertility resulting in higher 
yield of the suceefiing crop as cospar sci to proceeding 
exhaustive coreal crops (Tiwari et ale i960). Plant speciea 
have different capacities to use native and applied P 
and the residual effect of applied j? will also differ. ' 
Therefore attempts are being made to recommend a dose 
of fertiliser for a cropping system rather than cue crop.
It is also. an. advantage uith the phosphate that applied 
amount of f is not lost out but remains in the soil. 
Efficient fertiliser management is possible with greater 
understanding of direct, residual and cumulative effects 
on different crops grown in sequence.
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Paa_..ci and l)a (1975) at; r e p o ; ^ , : u I o
o i  a  t  o  y c c x  K i C . ’ i i . i 'a i ,  i .n v o3v j i i  „ >. n u l t x o r o p  o j c c - r .  o f  

t h r o *  o i ’o  k  xi £ r i c n c l y  h c * l - i .  con,. -b c p jr .. c a d  c o i C l u d e d

cyst *n ncirOj dcponon u ion she chcj. c,t* 3 tic-, 01 tlic 
p - c c e  <±m Cj-Of a iu  L i r e  end u I c a i e r  01 f a x  t i l* .  o r "  

a p c l - e d  1,0 them. In o la a x o n  01 <_ 3a_aro xu -i cro io>o_txo ‘‘  

h e l_  in  _r p r o ' i n p  I hr _,oxl ik. • t x l x t y  r c j u l t x n _  i n  hxrhr 

y i e l d  o_ th *  o u c „  c x i  ^xe.j c c  jo -^ itree .  co pjcee<-dj.m 

c m v  u~ c i v  c " r o a l  c r o  (GL’i B a r i  c ,  a l .   ̂3 8 0 ) .  d i e  n r  '~pe-oxe

n eve  u i f  1 J ! i  c c p a c i c x o *  t o  ii'. .. r o t a y *  an* appla 0. P

e c .  oh,. r e s i d u a l  n  c o t ,  o op* l_ i P x i l l  a l  o  l i_ _  *_ .

I h r  ■'e .̂oj.a 01, , o l i  ou c c e  b  ^ O e  x o  r  conecnu a  o r e

o x  f e r t i l e  e i  j-O- «  oro^ o i n  ^  t „ o  1  t* 1*,, tL a n  c i c  c _ o p ,

I , i .  a l  o  an  c a v x ’C '..-,^  1 i t l i  t i c .  h o r p ’i e t e  c h * t  a  x L - e i  

a n c a iiu  o_  ̂ 1  t o o  l o  1 onfc Lire - c c a x a ^  n  t h o  ' ' o i 1 ,

*  i i c i  nfc . o i u l i - s . ’  on > j t  0 j.* pccixbie • xth e e*fc r
Ul Jc^^i^ndi 0 1 direct, 9 z-eduel a v  ousiuli. oxy,, „xi sis
or, t'l^A.roau c_o>o rio rt _s eiu.roo.

I n e  f e r t i l i z e r  nr oe] o r  n c r o p  iz , a  c r o  o z n t



MATERIALS AND METHODS



3. tlAEEHIAL AMD MLTHQDS

Field experiments were conducted to develop 
en appropriate phosphorus management practice an a rice 
based cropping system involving rice-rice-legume/non legume 
from June 1934 to September 1986. The various materials 
used and the methods followed are given below.

3.1. Materials 
3.1*1. Field location

The ejrperinent,. we_e laid out. m  the rice fields 
oi the Instructional raxa, College oi Agmculcurc, Vellayani 
The Instructional Faim is located at a latitude of 8° N 
and at an altitude of 29 metres above mean sea level.

3.1.2. Soil

The soil of the e^jseriEienral area belongs to 
the textural class of sandy clay loan, medium an available 
nitrogen, medium in available phosphorus and nedium in 
available potassium. The details of the soil characteristic 
are given m  Tablo 1.

3.1.3. fooason

The experiment was conducted ror seven seasons 
starting from the first crop season of the year 1984-85
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Tablo i« toil characteristics cf the experimental field

I .  i’.e cb o n d ca l  Analyc i f

Coarse sand 
Tina s^nd
c u t
Clay

II. Chenxcal Analysis

Available I? (ba/ba} -* ACS 
Availaolo (fcg/hc)'- A5

Tot >1 ipGpOcr'/iia) -  725

A v a i la b l e  FpO (r r /h s . )  -  230

pi! <1:2 aoi3 . jt.r
oUuptnsion) - 5«2

<#) -  -"9 .2

la) -  24.9

0 0  - 7-3
(#) - °5-7
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to the first crop season of the year i936-87. She details 
of the seasons are ac follows:

y I crop season Ii crop season III crop season
*ear (rice) (rice) (coepea/scsamum

1 9&i_85 Juno to Sepcomber October to Jan- February to May
uary

■1935-86 June to beptember Oc cober to Dec- January to Aprember
19£6~S? June to September 

3-1.*'. Climate,

The tract enjoys a warm humid cropreal climate 
and receives a good amount oi rainfall through South-Uest 
and ITojtch-East monsoons. During the cropping period a 
local rainfall of 455 mm was received ( m  40 days) for 
tne fir-t crop of nee, 389 mm (in 2 5 days) during the 
second crop of rice, 80.6 mm (in '17 days) during the third 
crop period of cowpea/eesamum, 414.8 mm (in 50 days) daring 
the fourth crop of r-s.ee, 960.4 mm (in 37 days) during the 
iffch crop of rice, 3 5 2 .2  inm (in 19 dpys) during the sixth 
crop o.. ccupea/sessmuio and 870.4 mm (in 52 days) during 
tho seventh crop of rice, The mean maxmun and minimum 
temperatures were 29.8 and 23.5» 30.2 and 22.8, 32.8 and 
2 3.7 * 28.9 end 23.1, 30.8 and 22.6, 32.8 and 21.8 and
30.5 and 22.8°0 respectively for the first, second, third,
fourth, fifth, sixth and seventh crops. Tho meteorological
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data xor the cropping period arc. preeeirced in Figure 1 
and in Appendix i.

3."••5. Croppmg history of she experimental site

She experimental area tas under a bulk crop of 
riee during all the previous seasons,

3,-1,G* Crops and varieties

The n e e  variety used for the. experiment (fxr&t, 
second, j.oartli, fxf-ah and seventh seasons) i.n Trxvcni, 
b hick yielding, phoco~msensitive, shore duration (90-100 days 
variety. iriveri lias been evolved at Pice rtcsearch Ltat->on, 
Patv.wjebi by crossing 
tall ineica 
during the third and 
Kanakgxony (JrTB-i) , 
which ic a pure lane

3.1.?, 1ex tilizcrs

Fertilizers 
for the experiment.

Urea
Super phosphate 

Ilurxa.ee of potash

uho dwarf ind-ca stiaxr Aanapuroe to 
'The eotyea ana ncsrjsui i sre raised 
oirth seasons. Cc> pee variGc-y u-ed ’ os 
The sese'-um variety us w  * cs £urga (W V-S .)  

s“3esticn from a ’'e-t-Eengrl type.

ibh the following analysis were used

-  kgfj N

- 163 p 2 o 5

-  6 0 3  iio0d
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FIG-. 1 WEATHER PARAMETERS DURING THE CROPPING PERIOD

---Relative Humidity 
.Maximum Temperature 

Xr-x-k-Mimmum Temperature 
_Rainfall
.^-Number of rainy days

8d 86
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3*2*2. litperimontal design and Layout

Tho e^Dexdoent i-;as laid out* in a Bondo&ir.ed Block

4  Q

4 . 3 3  sc 3 . 4 0

i-,0 x  3 . 0  o
fl“*:* ■--- »-• ■*' X»• 8 \
V 10 cm

z 013
£0 OAjT~̂J cm

Besign i,ith three replications.
Gross plot size 
JHet plot else lor rice 
Net plot sise lor cowpea 
ITot plot size lor sesamun ■*
Spacing for rice ~
Bracing for covpea -
Spacing for seGamua -

Baring the .first crop season of rice itself ti:o 
identical plate of groos plot rise 5 s 4 is each having 
the same treatment vas formed is order to avoid d.iatux-hancc 
uhile foiling auto plots during the third crop season lor 
raising both cowpea and sasasiiim under each treatment, 
for the rice crops end the third crops of legroE.e (ccvoea) 
and non legume (seaosum) the reconunended doses of nitrogen 
and potassium for the respective crops for the respective 
seasons sere applied uniforsly, phosphorus vac applied 
according to the treatments based on the package of 
practices recommendations of KAU. The ric e—rie c-co; - pea/ 
sesasuia soguonec vas conducted lor tx.o year;? and a seventh 
crop- of rice wac taken to study the rooidu&l and. cumulative 
effocts*
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For the coxroea crop, the recommended dose of 
20 kg N/ha and *10 kg KgO/ha as urea and muriate of potash 
respectively were applied uniformly to .all plots., $0$ S' 
and full dose of K^O was applied as Das si dressing and 
the rest ,§0$ N at 20 days after sowing. Phosphorus was 
applied according to the treatments at the rate of 30 kg 
PgOyha as basal dressing.

For the sesanrum crop the recommended dose of 
30 kg W/ha and 30 kg KgO/ha as urea and muriate of potash 
.respectively were applied uniformly to all plots.- 75$ N 
and full, dose of KgO was applied as basal and 25$ JSf at 
30 days after sowing. Phosphorus was applied according 
to the treatments at the rate of 15 KS PpO^/ha as basal 
d r e s s i n g .

3.2.5* Seeds and Sowing

For the first and second cron of rice,. IriveniM • WCMMMMMMn

seeds obtained from the Instructional Farm,. College of 
Agriculture, Fellayani were raised in wet nurseries and 
healthy seedl&tgs of 20 days old were transplanted in 
the main field at 15 x 08 cm spacing. During the third 
crop season, cowpea seeds of variety Sanakamoni obtained
from the State Meed Farm, blloor were treated with the
appropriate rhispbinm culture and dibbled in the field



For tho coupes crop, the recommended dose of 
20 kg N/ha and -10 kg KgO/ha as urea and muriate of potash 
reepeccivaly ucxe applied unixomly to all plots. 50$ Sf 
and full dose of K^O ras applied as "basal dxeceirg and 
the rest $0$ H at 20 days after sowing, lhosphorus ras 
applied according to the treatments at the rate of 30 kg 
PgOy'ha as basal dressing.

lor the sesanrum crop the recommended dose of 
30 IT/hr and 30 kg FgO/he as urea and muriate of potash 
new actively "ore apoJ i^d unifomly to all plots. 75f % 
and full dose of KgO vas applied as basal and 2 5$ K at 
30 days after coring. Phosphorus uas applied according 
to the treatments at the rate ox i5 Kg PgOy'ha as basal 
drcs-mg.

S«2«5» Seeds and To nng

Por the first and second crop of ixce, Irivoui 
seeds obtained fron the Instructional inc, College of 
l'gneolture, Vellayani vece rsisecl m  .et nurseries and 
healthy seedlings of 2 0 days old T ere wansplancod an 
the main field at '15 x 3© cm spacing, luring rhe third 
crop season, corpea seeds of variety Kanakamoei obtained 
fron vhe State Seed Farm, IJlloor rero trusted n t h  the 
appropriate rhispbium culture and dibbled in the field



Adequate plant protection measures were taken 
as and when the occurrence of pests and disease v;as 
noticed according to the reeomaendations- of trho Kerala 
Agricultural tfaiversity.
3.2. 9, Harvest and threshing

For all the 3 crops, two border rows all around 
the plots, one line for destructive aaxipling and its 
adjacent line wore discarded. 9?be ero-. in the net plot 
area was harvested. The grain and straw yields were records 
separately from each net plot after threshing, drying and 
cleaning. Ihe grain yields uere recorded after reducing 
the moisture content to 14 per cent by sun drying, iho 
strew was sundries ond yield i-Gcor&ed.

In t h e  case o f  coi/pea fearv'esting ess doho twice 
by picking matured pole from the not plots. fFhe picked 
pods from each net plot were dried, threshed and grains 

” "iaal icict nice yields wore recorded.

3?he husk obtained from the not plots wore 
weighed and recorded, T h e  hauls from the net plot uis
also pulled out, sun dried for three days and weight 
recorded.

lor the seuaniia crop, the plants in the not plots 
cere harvested uoparetoly, by cutting the root portion and at



the plants in bundles for four days till the leaves fell off* 
Thej were then spread in the sun and beaten with stiehs to 
break open the capsules* Repeated this for three days*
She- seeds obtained were cleaned end yield recorded* ‘Hie 
bhusa weight was also recorded*

3*3* Biometric observations

Rive plants from each net plot were chosen by 
random sampling and tagged.* Shese plants were used for 
recording all biometric observations at different stages 
of' crop growth as given below;

3*3*1* Growth components

The observation on growth characters for rice 
were taken at 30 day after transplanting* at flowering and 
at harvest* For cowpea at £0 BAS* flowering and at harvest, 
and for sesemm at 30 BAS, 30 BAS and at harvest*

3.3.1*1. Plant height

Plant height /was measured in (cm) from the base 
to the growing tip of the plants*
3* 3*1*2* 'filler number . , '

i‘ho number of tillers .(total and productive tillers) 
per Mil was counted for rice crops*
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the plants in bundles for- four days till the leaves fell off* 
'ihey -were then spread xn the sun and heaven with sticks to 
break open the capsules, kepestea thxs for throe days.
2he seeds obcanned were cleaned and yield recorded. The 
Dhusa weight \ ’as ©Iso recoxded.

3»3« Bxometrxc observations

]*ive plants from each net plot uere chosen oy 
rendora sampljnr, and taag-d. Ihese plants  ̂eie used for 
recOjdiJs al-u biometric observations at different stages 
of cxop gioi A  as given belouj

3*3*1* Growth components

Che observation on growth caar.ec oĉ r, for xxco 
• 'ere taken at 30 day after cron splan ting, <?t flos crxng and 
at harvest* Tor coi^ea et CO I)*!*?, flowering pad at harvest, 
and fox sesemum at 30 iiibO, 50 I*fo end at harvest.

3.5.d.1. Plant height

Plant: hexgnl \ as sneasanc on (cm) fron the base 
to the yro -iny txp o_ the plants.

3.3.d.C. 'Pillor nunbex

I'ne nunbor ox tollers (tob~l and prodt x ex ee tillers) 
per mil i as counted for rice crops.
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3 .3.1 *3. Number of leaves per plant for cowpea and cesanutr

She total number of green leaves present v,ere counts

3.3.1.a. Leaf Area Index (LAI)

Leaf area index was computed by measuring uhe total
area using leaf area never. Lor rxce, the second vop most
txiler i.'as selected and the area of leaves of tne txller
iias measured xn a loaf area neter. Ihxs area a c multiplied
by vhe number* of txilera xn tne hxll jhxch &x\e tne tobal 
leaf area per hill. Iron; thus leaf cues inde>- 1 as
calculated by the formula Leaf area as sugeeoued by

Land area
'.atson 094?}.

For covpoa and eeramum, "he rctal srea of all the
leaves xn a plant were mcusuxcc using the le f area meter
and LAI calculated a- suggested by 'arson (194-?) by the
formula Lerx area 

-U aai area
3«3.'.5« Number of branches per plane

The number of prxnary branches "■ero counted and 
recorded xn the case of coupea end sesamum.

3.3.1.6. Dry maton’ productxon

From the dssuruebxve ror, plants were removed at 
various stages specifxed for each. crop. Thes-= samples



were first air dried and then over dried at 60°0 to a 
conttent ueignt. Dry matter coateat was computed for each 
treatment and dry matter production worked out and expressed 
in kg per hectare.

5.5.2. Yield components of rice crops
5.3.2.'!. Humber of panicle per square metre

The total number of panicles from all the sample 
nil"ts icrc counted and divided by the ar~a occupies by the 
cample hills end recorded as number of panicles par square 
metre.

3.3.2.2. number of filled groirr/pnnicJe

iron each Gcmrlc ini’ thr centre or miaale panicle 
vac separated frooi the rent of the panicle, !‘he groins 
fron the c vitral panicles from all sample h-lls aero 
threshed end bulk of, Tho f 113 ed grams wore separated 
from the unfilled grain ■s. Ilu nrifck"- of filled g. m s  (A) 
nere counted and ' oighc of tho filled grams i as recorded 
(B) ihe grains frcr the rest of tho panicles oi ell sample 
hilir i m e  fchrochea and filled grains were separated from 
the unfilled grains and ’’eight of the filled grains 
(0) was -ccorded. 33ast number cf filled grains/pan tele 
' as calculated using the formula A x Cl^O) where D is 
the total number of peridot. (Como?, 1 0 7 2).
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3.3.2.3. >.'eight of 1000 grains

She 1000 grain weight was calculated using the
formula 3 x 1000 (Gomes, 1972).

J

5.3.3. Yield components of Coupca/Sesaamm
3 .3.3.1 . Number of pods/capsules per plant

She total number of pods/capsules produced by 
tne souple planus were counted and tne average recorded.

3.3.~.2. Length of pod

■lea pods "eve selected randomly fron the cample 
plants, their length measured and averas*® ’ orked out and 
expressed an ’em'.

3.5.3.3. Hunter of grains per pod

Ehe uotal number of grams obcsmed fron ten 
pods -ero counted and average worked out.

3.3.3.^. Shoiiiand erain weight

10 0 grains obtained from the sample plants were 
eounred and weight recorded in grata.

3.3.iJ. Yield 
3.0.4.1. Grain yield

She gram yields of race, cc pea end cescmum were
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Available potassium
This uas estimated by AaijoniuE) acetate method 

({jaekeon, 19S7) a&d earpxwssed in kg K ^ 0 / h a o

lotal phosphorus

The total phosphorus uas estimated !rj tin; 
perchloric acid digestion method (Jackson, 1967) sad 
expressed in kg î Oe/ha*.

et p

Plant analysis

‘The plant samples i-orcovocl for dry mot ter estimation
were chopped and ground into fine powder in a ailley mill. 
The pou&ercd Duteriol uas used lor chemical analysis and 
to find out tho uptake of reader nutrients*

3*4*2.1, Nitrogen
{ih© 1 content of plant samples uas estimated 

by modified microK^eldahl method (Jackson* 1967) end uptake 
was estimated by multiplying the content ulth yield of 
dry. mat L or and expressed in lig/iia*

3.d*b*d« fhosphorun

9?he P content of plant samples uas estimated 
coloriBotrically by Vanado-molybdo piic.'?y boric yellca colour 
method (Jackson, 1967) and uptake uac estimated us an tho 
case of nitrogen and expressed in kg/ha*



3.d.02 *2.a Potassium

2?he K content was determined using Flame Photometer 
(Jackson, 1967) and uptake calculated ao in the cose cf nitrogen 
and phosphorus and expressed in kg/ha*
3*5® Total grain yield Tor the- xdce-xdoe-coupGa/sosar.um cyc-teo

Total grain yield oi first and second crop oi rico after 
coupes and soaseiuia (t/h&) and total grain yield lor the rice—riee- 
covpea/sGsnnua system in tonan of kilocaiories (grain equivalent) 
were computed and statistically analysed®

3*6. Economics

The gross and net return pox* hectare for each trertront 
based co the pro rant market price oi the produce and inputs i;orc 
i.'orkca cat* the behofit-cost ratio ' or- calculated for- different 
troatmenc-n by dividing ttv. grosa return 'by cost d  cultivation* 
me ones ice ..-no also or.r,?d •■.•at for too s;-star, a of rio >r:dc - mi: ;ea 
and ric-c-rico-aesram separately*
3.7* dvatisticar analysis

Tho data for the characters studied. under different 
trontr.cuts rero analysed statistically aslper iBl) tmiI rigni.tie.nflc© 
uas toe’r...f by to lag *F* loaf* (Cochran ana. Cox, if63)»
Import an b c orrelrfcions uex--:.- also worked out*

lha analysis of net return,benefit-cost ration, total grain 
yrc-id and. grain ogu-ivaloiit v;erc uGrhej. out ioj/ botn the ayatoms 
bis*, rice—rie&«-coupoa and T i c e-riee-sesasum cystc-tt sepai-c tely 
as toll as together (2 s b « i6 treatments) spileting the troatnents 
into three coenocteutc v;i.bb respect to :. ye fori, treatise?, t? and
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their i.nti.x-action*



RESULTS



(iv) First crop of second year '1985—86
and first crop of third year

1986^87? First crop of rico 
after cornea and
SQSSTRMu •

4*1. Effect of phosphorus a n  the first crop of rioo 
(Direct effect of phosphorus.) 

4*1*1 * Growth attributes
4*1.1,»1* Plant height

!ihe observations on height of plants aero recorded 
at 5 0 -days after transplanting (30 13A1)? at flowering and at 
harvest* She data on eeen height are presented in fable 3,

She data revealed that phosphorus treatment did not 
have cmp significant influence on height at any ox the growth
O ij L ' g  O S «

4*1.1*2* Humber cf tillers per hill
ihe observations or. tiller number v/ere recorded. • 

at 30 BAlo at flowering end -at hoxvect* She data on mean 
tiller mint or are presented in Sable 3.

Proa the data it could 'be seen that there was no 
significant difference between the treatments at 30 DA’i, 
floverinpr and at harvest*.



Sable 2. Height of plants of first cx*op of rice (cm)

56

treatments 30 BAT flowering Harvest

Oh

i.

T

T,

2 ,

T.

•T
6

7

8

Mean (Ho P )

■^test

S B

4 0 * 3

4 4 . 5

4 5 . 4

44**7

Mean (with P) 43*7

45.2
44.2
43.1
45.1

44.4

HS
1.38

63.2
66.6

68.1

67.1

66.2

69.1 
66.6

66.2 

65.4

66 .8

H S

1.17

73.2
73.8
75-5
74.4

?4.2

76.2

73.4 
72.9
78.5

75.2

HS
1*04

NS - Hot significant.



56

Sable 2 . Hex,’ht of planto of j.xr'st cxop of n c o  (cn)

Treatnents 50 DAT Ilou ci-inc Harvoit

C 1

* 2

%
5?X4

4-0.3 
44 .5 
45.4 
*4.7

6 3 . 2

6 6 . 6

6 8 . 1

67.1

75.2 
73.8 
75.5 
74 .*

Dean (xiivh P) 45,7 6 6 . 2 7 1 1 .2

*5 45.2 69.1 76.2

% 44.2 6 6 . 6 73.4

~7 43.1 6C . 2 72.9

Ta 45.1 65.4 78.5

"ean (Ho P) 4 4 .Z1 6 6 .8 75.2

■̂ iesfc US U3 i?S

S_ 1.38 1.17 1.04

US - Hot significant.



Sable 5 . Humber of tillers per lull of first crop of race.

Sreatmentc 30 DAS Flowering
Harvest 

Sotal Productive 
tillers trllorc

$ 1 6 . 2 6.5 6.9 6 . 8

T2 6 . 1 6 .? 7.2 7.0

0 5.6 5.5 6 . 1 5.7
ZL 5." 5.9 8 . 1 7.8

Hean (uith ±0 5.8 6 . 2 7.1 6 . 8

6 . 1 6.3 6 . 8 6 . 6

2 6 5.6 6.5 6.7 6.5
fp7 6.4 6.5 6.7 6 . 6

roa 5.5 6.5 7.0 6 . 8

Mean (No P) 5.9 6.4 6 . 8 6 . 6

■^tost SJS HS KS 5JS
£l',n 0 .2 2 0.19 0 . 2 1 0 . 2 1

PS « Hot significant.
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4.I.!.3. £eaf area index (1AI)

Ihe observations on leaf area index (ZAT) u-re 
recorded at 30 BA® and at floi'ering* Ihe data cf nean loaf 
area index are presented in Saele 4.

Bit data revealed that there uas significant 
difference between treatuecti' both at 30 DAI end atv\oglowering. At 30 DAl'̂  phosphorus ajsglawn treatment gave 
the naxonua leaf area index of 2.04 which uas oagnii icantly 
superior to a® phosphorus treatment. At flo-. oiing, 
phosphorus applied treatnent gave the EiaxunuE leaf area 
index of JJ.44 t hich uas significantly super lor to no 
phosphorus treatment.

4.i.i.4. Dry natter production

She observations on dry latter production «sre 
recorded at 3C DAS, at flowering anS at harvest. She lata 
on mean dry natter production are presented in lable 5-

It is seen that the treatnents had no significant 
effect on dry v.ptter production at any of tho growth stages.
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Table 6* Yield attributes of first crop of rice

Treatments Ho* of poBide/^ Ho;aS L K ains/ JS& fSS

4 455-3 69.0 25*1
*2 468.9 64.6 24.7

S3 982.2 69.3 25.8

\ 522*2 68.3 24.8

Mean (with P) 457.3 67.8 25.1

% 442.2 59.6 25.3
% 493.3 61.3 24.0
ffly 442.2 60*6 25.1
%  '

451*4 54.6 24.2

Mean (Ho P) 44-2.2 59.0 24.6

T*1test HS • S Oo

C9(0.05) - 3.84 0.49
SB 14.41 1.79 0.23

NS - 
S -

Hot significant. 
Significant.
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Table 6 . Yield, attributes of f u s t  crop of rice

Treatments Ho* of narticWm2 No* of E^ins/ 10 0 0 grain Oi pcHic±e/m panicle weight (g)

5 1 455.5 69.0 25.1

* 2 468.9 64.6 24.7

S3 3 8 2 .2 69.3 25.8

*4 5 2 2 .2 68.3 24.8

Clean (wiuh P) 457.8 6 7 . 8 25.1

*5 442,2 59.6 25-3

% 433.3 61.3 2 * .0

ri'? 442.2 60.6 25.1

% 451.1 54.6 24.2

Clean (No P) 442.2 59.0 24.6

^test NS s CtO

o d (0.03) - 3.84 0.49
SL 14.41 1.79 0.23

NS - Not significant.
S - Significant.
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Sable 7, Grain and straw yield cf first crop of rice (Kg/ha)

Treatments Grain yield Straw yield

OVj 5082.7 3782.9
T2 3189.9 3598.2
1 ' 5  3 W . 8  3 6 8 8 . 0

3088.3 3965.8

Mean (with P) 3126.4- 3758.7

1'5 3161.7 3693.1
S6 277^.8 3325.6
2? 2975.4- 3394.6
S8 3144.7 3889.6

Mean (Mo P) 3014.2 3700..7

■ S t e s t  HS ®
SB 115.91- 136.61

HS - Mot significant.
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Sable 7. Grain and sbrai yield ci Iirat crop oi lice (Kp/ha)

Ireatmentc Groin yield Strav yield

A1 3082.7 3782.9
m
■“•2 3109.9 3598.?

3144.8 3688.0

3088.3 3965.3

Eloan (wiTch E) 3126.4 3758.7

^5 3161.7 3693.1

*6 2774.8 3?25.6
2975.4 3894.6

SeCJ 3144.7 3889.6

item (Ho IJ) 3014.2 5700.7

^test US US

BE 115.91 136.61

US - Hot sj.Gnij.ic:ant.
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(Table 9* Phosphorus uptake by first ci’op of rice (kg/ha)

(Treatments 50 DAT Flowering Harvest

*1 9*1 18.7 52.8
Ea 10*1 26.3 33.7
*3 6.3 17.9 32.3
®4 9*9 22.7 31*8

Mean (with P) 9*0 21.4 32,7

3?c5 7*7 15*9 35*9
$6 5*1 19*2 . 36.8

12.4 29.7 37.8
% 6*9 ' 17*2 35*3

Mean (2© P) 8.0 20.5 36.5

^test s ■ US B

03 (0.05) 0.?S 0.28
SE 0.57 0.99 0,13

US - Hot significant* 
S - Significant,
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Sable 9. Phosphorus uptake by first crop 01’ rice (he/ha)

Sreatiaents 50 DAS Flowering Harvest

T1 9-1 18.7 5 2 .8

$2 1 0 .1 26.3 33.7
% 6 .8 17.9 32.3
“it 9.9 22.7 31.8

tJean (with P) 9.0 21.4 32.7

2 5 7.7 15-9 35.9
% 5.1 19.2 36.8
IV, 12.4 29.7 37.8
% 6.9 17.2 35.3

Hean (US P) 8 .0 2 0 .5 36.5

^test s HS 3

o o • o VP 0.7S - 0.28
( T 0.27 0.99 0.13

US - Hot significant. 
- Significant.
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Table 10. Available nitrogen, available phosphorus, total 
phosphorus, available potassium and phosphorus 
fixing capacity of the soil after tho first crop 
of rico (kg/ha).

Available
phos­

phorus
Total
phos­

phorus
Available P fixing 
potassium capacity

S1 530.3 77.2 786.7 236.0 159.8

% 533.7 72.7 823.3 242.7 159.9
rp3 534.3 76.9 758.3 237.7 160.5
ClRi­ 532.5 59.4 723.3 240.0 159.3

ncon (uxtfc P) 532.6 71.6 772.9 239.1 159.9

25 490.3 58.5 791.7 202.3 166.1

26 487.0 62.1 756.7 204.7 166.2

27 488.0 50.5 718.3 199.3 165.2

2S 490.7 50.6 616.7 200.? 166.0

Hean (Ho P) 489.0 55.4 720.8 201.7 165.9

i’toot *3 & 3 3 S

GD (0.05) 0.76 7.87 5.78 2.14 1.14
3Ij 0.36 5.67 2.69 0.99 0.53

Significant.
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1‘hex’e was significant difference in the available 
pofcassiutt content of the soil citlf treatments, Phosphorus 
applied plots recorded significantly higher value of available 
potassium content than no phosphorus plots*

4*1.0* Correlation studies*

Sisrplo correlations were worked out involving 
the variables phosphorus uptake, dry r-atter yield., grain yield, 
available phosphorus content of the soil, nitrogen, uptake
3UO, i.-'O O !. ■ ..CUi-i \Xp ei

From the Sable ii, it could be seen that 
phosphorus uptake at harvest v;as significantly and negatively 
correlated with grain yield, available phosphorus content of 
the soil a a d  nitrogen uptake at harvest but significantly 
and positively correlated vrith potassiua uptake* Dry ratter 
yield at harvest ,;as oigoifi-contly and positively conela tod 
with nitrogen uptake and significantly end negatively 
corivlot-u with potassium uptake, Crain, yield ••. as signifi­
cantly and positively cor.vclotod with nitrogen uptake, 
Available phosphorus content of the soil i'as ;s i g nif . X c c m r l y  
and poor, oivciy co-prolatcd vith nitrogen uptake at harvest 
and nogativoly correlator- ith potassium uptake, nitrogen 
uptake acxs significantly and negatively corrw-latm3 i. ith 
ootassiun uptake.



Table 11* Intercorrelation matrix involving: the variables P-nptake, (X^)» dry matter 
yield (X0) grain yield (X,) available phosphorus contents of the soil (X^), 
N-uptake (Xpj) and K-uptake (Xg) - first crop of rice.

Variables X1 X2 X4 X^ X&

X1 1.0000 -0.3015 -0.5356** -0.7420** -0.9087** 0.8671**

X2 1.0000 -0.2778 0.3371 0.4077* -0.5442**
1.0000 0.3153 0.4241* -0.3091

h
1.0000 0.8951** -0,6508**

h 1.0000 -0.8694**
1.0000

* Significant at 5# probability level. 
** Significant at 1 $» probability level.



Table 11. Iniereorrelation matrix involving the variables P-uptake, (X^)» dry matter 
yield (X^) grain yield (X,) available phosphorus contents of the soil (X^), 
H--uptake (x^) and K-uptako (X^) - £iret crop of rice.

Variables X1 X2 X3 X4 X5 X6

X1 1.0000 -0.3013 -0.5356** -0.7420** -0.9087** 0.8671**

X2 1.0000 -0.277S 0.3371 0.4077* -0.5442**

% 1.0000 0.3153 0.4241* -0.3091
x4 1.0000 0.8951** -0,6508**

% 1.0000 -0.8694**

X6 1.0000

* significant at 5?t probability level.
** Significant at 1j6 probability level.



Table 12* Height of plants of second, crop of rico (cn*)

I’reat- 30 BA2 'Flowering Harvest©eats* I year II year 1 year II year I year II year
1964-85 1385-86 1984-85 1985-86 1984-85 1985-86

42.1 50*5 66*8 66.5 64*1 70*3
*2 42*3 49*8 64.5 66*4 62*8 71*3

Kean (eumlativePlff-2.5 55VS
y?a3 43.9 54*8 70.7 70.3 68*8 74*0

4 42*5 52.9 66.8 65*1 65.3 74.3

Mean (Residual P) 4-3*2 68.7 67.1

*5 41*1 31.2 . 64.1 64.7 6-4*5 ?1*4

% 41.7 50.5 64*5 65*9 63.3 70.8

Hesn (Direct P) 41.4 ! . 64*3 63*9

41*3 54.4 66*2 65.1 66*0 71.4
t q 42*8 48.3 64*7 68*8 63*0 69.1

Mean (Control) 42.1 65.4 64*5

j?test SB S HS HS HS HS

c b < 0 *0 5 ) - 2*50 ««r MM* m -

SB 1*82 1*1? 2*06 2,78 1*89 1*75

HS - Hot significant* 6 - SignIff
Cumulative 1? - P applied to- "both first and second crop.
Residual F - P -applied to only first crop*
Direct P ~ P applied to only second crop*
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Table 1 2 . Height of plants of second cror of rice (cn.)

Treat- 50 DAI Flowering Harvest
neats. I year II year I year II year I year II year 

1984-85 1985-86 1984-85 1985-86 1984-85 1985-86

S 1
42.1 50.5 6 6 .8 66.5 64.1 70.3

% 42.8 49.8 64.5 66.4 62.8 71.3
[<ean (eunulativefcl^. 5 S335

*3 43.9 54.8 70.7 70.3 6 8 .8 74.0

*4 42.2 52.9 6 6 .8 65.1 65.3 74.3

tlean (decidual P) 43.2 6 8.? 67.1

% 41.1 51.2 64.1 64.7 64.5 71.4

% 41.7 50.5 6“-. 5 65.9 63.3 ?0 .8

neon (Direct P) 41.4 64.3 63.9

T? 41.3 51.4 6 6 .2 65.1 ss.o 71.4

% a-P.S 46.5 64.7 6 8 .8 62.0 69.1

Ilean (Control) 42.1 65.*- 6*’ .5

■̂ tect RS 3 m US US m

CD(0.05) - 2.50 - - - -
SB 1.82 1.17 2.06 2.78 1.89 1.75

RS - Sot significant. S - Significant.
Cunulamve P - P applied to both first end second crop.
Residua! P - P applied to only first crop.
Direct p - P applied, to only second crop.



Table 13. Number of tillers/hill of second crop of rice

30 DAT Flowering Harvest
Treatments 2otal tillers Productive till ora1 year II year I yc ir II year I year II year I year II year

1984-85 1985-86 1984-85 1985-86 1984-85 1985-86 1984-85 1985-86

*1 5.7 4.9 6.5 4.6 5.4 5.5 5.3 4.8
*2 6.1 5.5 5.6 4.5 5.5 5.1 5.3 4.7

Mean (Cumulative E) 5.4 6.1 5.4 5.3
t3 5.9 4.9 6.0 4.1 5.3 3.9 5.3 3.1
24 5.7 4.8 6.4 4.8 5.9 5.7 5.8 5.3

Mean (Residual p) 5.8 6.2 5.6 5.6

*5 6.5 4.6 6.1 4.5 5.9 5.3 5.8 5.0
*6 5.9 5.2 6.1 4.9 5.9 5.5 5.8 4.9

Mean (Direct P) 6.1 6.1 5.9 5.8

-:7 5.8 5.4 6.4 4.9 5.7 5.1 5.5 4.7
*8 5.7 4.8 6.2 4.4 5.6 4.4 5.5 3.9

Mean (Control) 5.8 6.3 5.6 5.5

^test NO b Eu Eu H- H8 as
C3>(0.05) - 0.45 - - - - - -
uN 0.25 0.21 0.32 0.58 0.38 0.85 0.40 0.72

W - Hot, significant. 3- Significant.
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The data revealed that the direct* residual and 
cumulative effects of P had no significant effect on tiller 
count at any of vhe growth stages of tho rice crop in the 
first year.

In uhe second year there was sigrificant difference 
in ti1ter number at 30 DAT. She highest number of 5.5 was
recoji _d by the treatment Tg whlcn was on par wrch Tg &
and significantly superior to all the o^hcr tr atments.
At flowering and harvest stages there was no significant 
difference between -ere atm onto.

4.2.1.3. Leaf area index CLAI)

Tne observations on leaf area index was recorded 
at 30 DAT and ot ilav ering. The data on mean leaf area
index are presented ir. Table 1 A.

It was seen that there was no significant variation 
in LA! at 30 DAT ana at flowering due to the direct, residual 
ard cumulative effects of phosuhorus during both the ve?re.

4.2.1.*+. Dry matter proouction.

The observations on d ry matter production were 
recordea at 30 DAT, at flowering and at harvesu. lne daxa 
on mean dry matter production are presented in Table 15.

The cata on dry mattar production revealed tnat 
the direct, residual ard cumulative effects of phosphorus
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1‘able 14*. Iieaf arQC. 1X13.&Z oi second crop oi race

Sreatmonts 30 m s
1  year XI year 1984-85 1985-86

Ploi.ermg;
I year XI year 1984-85 1985-86

51X1 1.1? 1.11 1.24 1.73
x2 0.57 1.15 1.15 2.75

CIosb (Cunulafcxvo j?) 0.93 1.19

2 1.09 0.99 1.17 2.51
0.59 1.05 0.77 2.04

Mean (Residual ±9 0.84 0.9?

I15 1.19 0.83 0.92 2.5?
®6 1.12 1.68 0.79 2.84

Mecx (Direct P) 1.15 0.86

2? 1.19 1.48 1.22 1.88

*3 1.02 1.30 1.23 2.81

Mean (Control) 1.10 1.22

F t G 3 t HS ns HS OS
SB 0.1G 0.26 0.16 0.60

NS — Hot significant.
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Sable 1 5 . Dry nattci' proauceion of coeonl crop of rice (kf/hs)

.■p n  30 flA'I Flot.-erj.no Harvestrroaumenus x yeai, lx yoaI> x year XI yG£_r x yecr IX yQCT
19S4-S5 1985-86 1984-85 1985-86 1984-85 1985-86

1611.0 1855.? 2500.0 5000.5 4961.0 4?36.3 
T2 1444.3 144A.5 2W . 3  3778.3 4837.0 4541.7

Hean (Cudulctivo £-) 1527.6 2472.1 4899.0

T5 1 5 5 5 . 8  1277.7 2166.7 3055.7 5695.0 4695.0
0?4 1500.0 1805.7 2166.3 2694.7 5066.3 6139.3

flcan (> cejGual f) 1527.9 2166.5 5520.C

1273.0 1361.7 £5333.3 291C.7 *-515.3 4750.3 
\  13Cq.S 2139.5 1666.6 3750.0 4-’90.0 4931.0

Hean (Direct F) 1333.4 1359.9 4502.6

1889.0 2333.7 2777.7 2883.0 **-00.0 4431.0 
Iv 1277.8 14-"-.’t.? 2333.3 3055.7 4259.3 4?22.3

Pean (CoiPbiol) 1585.4 2555.5 4 353.6

I t C £ t  ATo J  Lt -X  !U<

hb 282.16 39^,97 233.58 5 7 1 . 5 9  '61.1* 7 2 0 .0 8

.or SAuna._ic'n'3.



table 16. Yield attributes oi second crop oi rdce

No. Oi panic!e/a No* oi grains/ 1000 graintreatments panicle weightl (g)
I year II year I. year II. year I year II year1984-85 1985-86 1984-85 1985-86 1984-85 1985-86

355.8 316.6 , 82.6 36.1 23.5 22.1
Ts 353.1 311.1 64.9 33.6 23.6 19.6

Mean (Cumulative P) 554*5 - 73.7 23.5

T3 . 354*6 205.5 80.4 36.5 24.2 20.8
> 386.2 355.5 73-2 40.8 23.5 20.0

Mean; (Kesi&ual P) 370.4 76.8 23.8

*5 389.1 333.3 56.8 32.1 24.2 21.7
*6 389*1 327.8 59.2 31.8 23.6 20.4

Mean (Direct P) 389.1 58.0 23.9
*p7 369.6 311.1 76.8 46*6 24.5 18.8
mJ‘8 369.6 261.1 66.1 45.8 23.9 23.3

Mean. (Control) 369.6 71.4 24.2

^test m EB . BS KS HO HS
BE 25.99 " 48,19 ’ 7.52 5.58 0.41 2.10

BS - Not significant.
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Sable 16. Yield at oritwtee oi second crop of rice

OHo. of panxcle/n Ho. of grains/ 1000 grain Sreatments panicle weight'’ (g)
I year IX year I year XI year I yc^r II year1984-85 1985-86 1984-05 1985-86 19E4-85 1985-86

*1 355.8 316.6 82.6 36.1 23.5 22.1

®a 353.1 311.1 64.9 33.6 23.6 19.6

Ifean (Cumulative P) 354.5 73.7 23.5

23 55*1.6 205-5 80.4 36.5 24.2 20.8

% 386.2 355.5 73-2 40.8 23.5 20.0

tlean (Residual F) 370.4 76.8 23.8

IV 389.1 333.3 56.6 32.1 24.2 81.7
*6 389.1 327.8 59.2 31.3 25.6 20.4

[lean (Diivcc P) 389.1 58.0 23.9

S7 369.6 311.1 76.8 46.6 24.5 18.8
S8 369.6 261.1 66.1 4-5.8 £3.9 23.3

Kssn (Control) 369.6 71.4 24.2

11 test US iIB US Ki no :is
sr 25-99 48.19 7.52 5.5& 0.41 2.-0

HS - Hot significant.
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Sable 17* Grain yield and straw yield or second crop of 
rice (kg/tia)

Grain yield Straw yield treatments X year XX year I year XI year1984-85 1985-86 1984-85 1985-86

*1 4252*0 1438.6 1307.8 4286.3
*2 1545*4 1328*5 1991.9 4293.1

Kean (Cumulative P) 1288*7 1649*8
t~ 1425*1 1288.4 2221.9 3845.9
V 1517.8 1417*7 1608.0 4060.5

Mean (Residual P) 1571*4 1914*9
m5 1546.6 1349.9 1645*4 4096.7
ta6 1521*1 1465*7 1697.2 4139.6

Mean (Direct P) 1553.8 1671*3
*T?7 1461*2 1385*5 1669*2 4916.5
*p8 1296*9 1274*8 1361*2 3665.3

Mean (Control) 1379.0 1515*2

F* 4vest TvTO HS s MS

GB(0.05) - 336.42 -
C'TJ' 78,68 128.12 156.84 693*46

’MS - Not significant.
. S - Significant,



Sable 17. Gram yield and straw yield of second crop of 
rice (Jcg/lia)

8°i

Grain yield Straw yield 
Ireatments I year II year I year II year

1984-85 1985-86 1984-85 1985-86

21 1232.0 1438.6 1307.8 4^86.3

*2 1345.4 1328.5 1991.9 4293.1

risen (Cumulative P) 1288.7 1649.8

*3 1425-1 1288.4 2 21.9 3S45.9

*4 1317.8 14-17.7 1608.0 4060.5

tlean (P.esidual P) 1371.4 1914.9
rna5 1346.6 1349.9 164 5.4 4096.7

o 1321.1 1465.7 1697.2 4139.6

nean (Direct P) 1333.8 1671.3

7 1461.2 1385.5 1669.2 1 916.5
% 1296.9 1274.3 1561.2 3665.3

Mean (Control) 1379.0 1515.2

Ftest MS I'a L> MS

c d (o .05) - - 336.4 2 -
r; 78.68 128.12 156.84 693.46

HS - Hot sign:Lf leant.
S - Eignii'icant.
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FIG. 6 GRAIN YIELD OF SECOND CROP OF RICE
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Table Vi* IJitroQon aac „^tcs i aji u ;tri:c  < „ h a rv e s t b, oool r*

ciop c i r i^ c  (kg/lia)

. K J T t^  TOfcsr^o,- « «  * T  te c  te  .at-»a*Jte icS* ft«* afcw * ts.-7*r-~ « .

I rv p u e n ts XTa tro£  
I y e a r

,0a uytoke
1 1  J3  T
'i9^>5-L6

iOu &S1L
I  ye_i 
-10L4-&5
d ip j ■ 1 ■ > ̂ i i nfn.T -̂xi 1 ‘ti. j

ut 
IE J t
1C 5 -

'"r
"C

i 9̂  .6 77. j 6r*»3 5 .5

I ,( 95«^ 5 7 .2 5 7 ,9 5 7 .1
nhni 0 îJHH ■ 11 <*

lican (OitauIcl^¥c i ) 75."i i nCJirfHiij >miuii nxj tp 6 0 .1

r i*-v<■J 8 9 .5 ; i . 5 7 1 .7 5 V3
T‘ 76 . A 7 5 .? 5^ .3 t a r, 

<■? 1 «■ J
%rv —ttdtf W- ô .ixJ "tfir.. ( u

iiCĉ n (i xCaal iO
yighYr*Ffif_~*THir® —f j~* <■.jptei lte£)te *i -tfc- !dP̂ 4CkSAcss

r-'i r>oudsU
isa mi |I ■' ii ■■ I < 'UH if i»— te

6 3 .0

i.v5 5^ .5 5 2 .9 5b*^ ¥*~ ̂  ^

*- - ■ fc. ■ i ■ ■ i >i. ■ J..-f * rr «  ̂« ril ' T-rt ■■ 1 *X ■ ■.. *— r -'-wl ■■ ■ ~i ~ •»-“- —_ . -t-

CA.5
. T-<» •*— -».- -» guPtJ-lF.1 ..

59 .2 6b* 4%C
im—p— n^v t mm Tim • *—»• ■** —  ■«— -—«  •« ™ - —

\BcM (E i__ct P) 5 3 .0
ni ■ ■■ iibii >1 i -tinmen *ii-» m  r itn_ii iimi ■ i ■ i ............. ...  n ■■ mi 11 ~ 11 te nf«~*i

6 1 .0  
iBtfli I nlpi 'ii >»' ■< *'P»

Av 81» i C3./! LT>- 5C*^
T>

o 6 3 . r 5 2 .5 f o >**-
ffg, iCfc ■■ ff -. m̂r. M. 1 1

93*5

bean (oonu^olj 7 4 .9 5 0 .0

1 t^ ct j o i b

0 ,j(0 .0 5 ) 9 .7 “ .-I'- r; » £ - <* O 9 .5 1 *

c . 5*£2 4-.4-3

i***j *®» _Tob r xgcû 'L*  ̂ — * x^-Jine a n t.
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•Table 19. Phosphorus uptake by the second crop of rice (kg/ha)

Treatments 30 DAT F l o v e r i n g  .Harvest
J. year J.I year I year II year I t v - .. '■>V Mr'C ,1. I I  yoa:1934-85 1985-86 1984-85 1985-86 1984-85 1985-0

9.0 5*0
x 7  ii©wr

Mean (Cumulative P) 8*2
8 .8
r-> r->O *  f'ITS

swa rjr,V6-? «=? weati

Keen (Control) 7,9

v e s v

Oil*

5 * 2

4 . 5

6.7

IMGS22 (C S oXCulClL P) 6.8

T$ 6.5 5.1
Trb 7.9 7.3

Hern (Direct P)
my ’ m~i1— ’.triBag*

7*2

T - 8.9 6*3
2 ,..O 6.9 5.6

I'iC IvX

1.65 1.28

1 0 .4

1.86

T-1rr, Hot significant,

11.5 12*2 24.5 20.7
10.7 15.4 21.1 16.9
«Betbw»weic» -=fc
11.0 o**i «■ *)

itd + <J

10.8 12.5 30.0 15.1
11.8 11.1 26.8 22.9

11.3
Hya.vtt.-
or /i c.o

11.9 12*5 23.3 18.7
7.4 14.5 O  O 1}dkr • *v 17.9

CKtWUM*:̂

9.7
mr/aŝ acaa

/*; Ocf/., • a

11*6 11.8 p i  7CT. i « / 80.5
o  ^■* J a ; 12*4 T»Vs "v 18.7

*"7
4- » f

^ , y Q or-c . O J
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X'evble 1 9 *  P b v  y h c x U b  u tJ&Q b y  olae c c c c  tcL e r a *  u c g  ( I  / l i a )

Agoapfeacy tê BntfcacCgtfmcw »» i■ ntmrrf.v̂r-im. ■ <»»̂«»., ̂cĉ sâ s. m ĵ. -*r̂j9

Ircp l/nenss
50 BAX ilox GizjiQ Harvo.

r̂ rX y e a i  I x  yc.f~* I  s?e . r  I I  a  p  X ^  ;  X I  ip 
1 9 8 4 - 8 5  1 9 8 5 - E 6  1 9 6 4 - 0 5  ^ 9 8 5 - 8 6  1 9 8 4 - 8 5  ^ 9 8 9 ^  <

X,
9.0
7*4

been (C5ui-ulctj vg P) 8*2

n
o»8
r- f>O* f

Kjiv- 5* jr -=s. «

1 c. sal C-*- 3̂_u8ticiX p } 8*0

'C

6*5
7*9

. 1  (D_j» r i P) 7*°

xr: 0.9
X 6*9

e-%  y S ^ 1 z Z ~ - * a r * * 0 * .C !& - o» £*2- «•;>' <ttK*pcnu»^j-‘

ican (OonjLol) 7 .9

rA. ■Lecc U,

5.0
5*2

4*5
6.7

'v»r-3
5.6

11. > 12.2 
1 0 . ?  1 5 . 4

11.0

''9,8
11*8

1 1 .3

rr /f • '■ r

9.7

f> - ^ ^

10.4

1 2 * 5

11*1

14.3

11*6 11*5
yy /**% f >1 -V*

"»/ r; -» * j
21.1

<■ *>
cLcZ + ̂j

3 0 .0

26*8

or /i c v -  « r

i l .9  1P.5 23.3
t C . *

O £ c / # 0

P*̂  /r * /

O#

"0*7
1 6 .9

15-1
2

i r * 7

1?*’

K W H

■«* »«» ^*._#.*X>!S!J*.J**. .Sas^ T*-**. «* -Cf=- B i -r* .^ 5  j* 2  «rr>£, K X i

1 . 6 5  " . 2 6  1 .< 6 2 .3 9 y-4 r~>
<2 a O ^ f>r• O  )
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3?at>le 20. Available nitrogen and potassium content cf the soil 
after the second crop of rice (kg/ha)-

Iroatments Avail a' 
I year 
1984-85

Ol & 21 -i. uj? Gtp ̂o’Ia
II year 
1985-86

i iViiiiso,
1 year 
1980-85

!e potasi 
II yea: 
1985-66

i 439.3 437.3 202.0 199.7
T 2 442*3 440*0 199.0 197.3

Kean (Cumulative P) 440*8 200.5

01, * "N 474. 3 472,3 259.0 O&ll -z,*- .v' ♦ • ̂
% 465.7 464.0 256*0 256,6

Mean Ole s iciual P) 470*0 258,5

4-19*0 417,0 , 300.0 303*6

% 4-19.7 417.7 297.0 299.6

Kean.urni.» (Direct P) 419.3 296*5
rn
~ ni 415*0 413.0 319.0 315*6
•T1c 417*0 415.0 317.0 312.3

Mean (Control) 416.0 318.0

Ftest S s B r»

OB(0.05) 3.29 5.06 r- ̂2.5^ 2.42
SB -9 _ 2.36 1*66 1*13

S Significant.
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Tabic £0. Available nxtx-ogc j end aoiassiur conceit o£ one soj1 
site- the t ccond <,~op o£

Treatment,: n^.lzQLai £vi3.j.a^lc oic^ inn 
I year II year 1 year II yec
l9Sfi-cS5 1985-4 6

^39. 3 437.3
442.3 4' 0 . 0

Hecoa (Cumuia'cive r)

T
J./

»1eon (iitcifiacl I)

%
aoon (Err cu ?)

roan (Gonarol)

iftest
ijii(0.05)

iwbQ«8

*7*1.3
*65.7

h ?2.3
464.0

470.0

4 ^9 . 0  *-1 7 . 0

419.7 417.7

419.3

4 -1 5 . 0  /L1 3 . 0

417.0 4 1 5 . 0

416.0

3.29
<«93

5*06

1964-03 1 9 0 5 - 6 6

209.0 199.7
199.0 197.3

POO. 5

"55. 0  13'i.3
25S.0 256.6

55&.5

jOO.O 510 a . 6

297.0 293.6

29t,.5

”19.0 5 1 5 . 6

3^7 . 0  pl2.3

316. 0

•’.66
Z J  2 

1.13

i1 5 c.1 I ie rut.
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phosphorus which was significantly superior to ail 
the other treatments.
4.2.4.4. Phosphorus firing capacity of the soil

His data on soan phosphorus firing: capacity of 
the ssoil arc given in Sable 21.

-Shere was significant difference between 
treatments during both the years.

ihe control plots, recorded the highest values 
which VMS significantly superior to oil the other tror-tr onto.
4 . 2 . 3 * Available potassium

iho data on available potassium content of 
the soil are given in ‘fable 20*

.Significant difference between treatment:.; arc
observed curing both the years. Xn the first year control
plot and in tho are cud year trsafcaent fn Recorded the highest/
value oi' available potasaiisr which u'c.rj a is nific :.*u t iy su yoricr 
to all the othor treatments*

4.2.G. Correlation studios

It could be seen iron the table 22* that phosphorus 
uptake was significantly end positively correlated with dry 
ratver sield and nitrogen unbare during both the re and
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liable 22. Intercorrelation iaatri§£ involving the variables P-uptake (X^ )• dry letter
yield (X,,) grain yield (X^), available phosphorus content of the soil (X^)» 
R-uptake (X^) and K-uptake (Xg) - second crop of rice .

Variables X1 X2 V
X4 Xc5 X6

*1 0.8190*'5 0.0963 -0.0088 0.5618** 0.5086

0.5947 0^1419 0.2442 0.5210* 0.7034**

x3 0.6558** 0.3993 -0.4081* 0.0138 0.0232
x4 0.5156* 0.4579* 0.5913** 0.60S9** 0.2438

% 0.7631 0.3419 0.3626 0.1124 0.3156

x6 -0.0838 -0.5173** -0.5554** -0.4391* 0.2359

Figures in the upper and lower diagonals are respectively the correlations for 
the First (1984-85) and Second (1985-86) years.
* Significant at 5# probability level.

* * Significant at i% probability level. qo
CO



Table 22. Inter correlation nutria: involving the variables P-uptake (X̂ ). dry ipatter
yioltt (Xg) grain yield (X.̂ ), available phosphorus content of tho coil (X̂ )» 
M~upiake (Xj) and K-uptake (Xg) - second crop of rice

Variables X1 A2
•v"3 X4 X5 X6

*1 0.8190*'> 0.0963 -0.0088 0.5618** 0.5086

S3 0.5947 0(i1419 0.2442 0.5210* 0.7034*"
0.6358** 0.3993 -0.4031* 0.0138 0.0232

s4 0.5156* 0.4579* 0.5913** 0.6089** 0.2433

X5 0.7631 0.3419 0.3626 0.1124 0.3156
x6 -0.0838 -0.5173** -0.5554* -0.4391* 0.2359

ilgures in the upper and lower diagonalo are respectively the correlations for the firot (1934-85) and Second (1985-86) ycaro.
* Significant at 5/4 probaoilivy level.

* * significant at 1j4 probability level.
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with potassiun uptake in the first year (1984-85) and 
with grain yield and available phosphorus content of the 
soil in the second year (1985-86).

Dry matter yield was positively and significantly 
correlated with nitrogen uptake and potassium uptake 
in the first year (1984-05) and positively and significantly 
correlated with available phosphorus content of the soil 
and significantly and negatively correlated with potassium 
uptake in the second year (1985-86).

Grain yield was significantly and negatively 
correlated with available phosphorus content of the soil 
in tbs first year (1984-85) but positively correlated 
■with available phosphorus and negatively correlated with 
potassium uptake in the second year (1985-86).

Available phosphorus content of the soil was 
significantly and positi velv correlated with nitrogen uptake 
in the first year (1984-S5) but negatively correlatid with 
potassium uptake in the second year (1985-86).

4,3. Effect of phosphorus on the third crops of 
eowpea/sesamum.
(Direct, resiaual ana cumulative effects of 
phosphorus)



A.3.1. Growth attributes of Cowpea
4.3.1.1. Plant height

The observations on plants height were recorded 
at 20 days after sowing (20 DAS), at flowering and at 
harvest. The data on mean height of plants are presented 
in Table 23.

There v/as no significant difference between 
treatments at 20 DAS during the first year, but significance 
observed during the second year. The treatment T^ recorded 
the maximum height which was significantly superior to 
Tg and Tg«

At flowering stage there was significant difference 
between treatments in xhe first year, but the differences 
were not significant curing the second year. During the 
first year the treatment was significantly inferior 
to all the other treatments. All the treatments except 
were on par. Eventhen the maximum plant height was 
recorded by the treatment Ty closely followed by T-j.

At the harvest stage there occured significant 
difference between treatments during both the years.
In the first year gave the maximum height which was 
on par with Ty and both and Ty were significantly superior 
to all the other treatments. In the second year also T^



Sable 23. Height of pianos of third crop of covpea (cn.)

Sreet-
me-rcs

2 0

I year 
1984-85

M S
IX year 
1935-86

i'lovermg
I year XI year 
1984— 85 1905“86

Harvest
I year II year 
1984-85 1965-86

s, 36.9 3 6 .6 97.3 79.9 332.5 161.8

S2 33.5 33.8 94-.1 7 6 . 6 1 1 1 . 0 116.3

*3 36.1 35*3 95*8 79.7 134-.8 133.8

35.4- 31.* 76.2 62 . 2 14-2.6 117.8

h
37.4- 34-. 9 93.0 77.0 1 7 1 . 0 177.3

34-.? 3 1 . 6 90.5 75.0 14-2.8 1C2.9

7 36.2 35.7 9 8 .8 79.7 1 7 0 . 8 233.2

Ts 34.3 31.5 93.5 78,5 •'I62..0 ^55.8

^ test IJS S s us S £

CD(.0.05) - 3*53 12.28 - 3.96 35.72
£JS 1.18 1.64- 5.73 8.31 1.84- 16.65

us - Not significant,.
s - Significant.



y j

recorded maximum height which was significanxly superior 
to all the other treatments.

4.3.1.2. Number of leaves/plant

The observations on leaf number were recorded 
at 20 DAS and at flowering. Ihe data on mean leaf number 
are presented in Table 24.

The data revealed no significant difference 
between treatments in the number of leaves per plant 
at 20 DAS during both the years. However the highest 
number of 4.9 leaves in the first year recorded by 
followed by Ty and T^. In the second year ranked 
first followed by Ty.

At flowering stage there was significant difference 
between treatments during both the years. In the firsc 
year Ty recorded the highest number which was significantly 
superior to the other treatments except T^. In second 
year also Ty recorded the highest number which was signi­
ficantly superior to Tg & V
4.3.1.3. Leaf area index (LAI)

The observations on LAI was recorded ax 20 DAS 
and at flowering. The data on mean LAI are presented in 
Table 25.



Sable 24. Humber of leaves per plant of third crop of covpea

treatments
20

X year 
(1984-85)

BAB
11 year 
(1985-86)

Flowering
I year II yoar 
(1984-855 (1985-86)

21 4.y 4.5 15.9 11.2

*2 4.2 4.2 14.6 10.7

% 4.1 4.1 16.8 11.2

*4 4.1 5.8 14.5 8.7

^5 4.9 4.2 15.8 10.6

% 4.5 3*9 14.5 9.9

4.7 4.4 18,6 12. C
*?8 4.0 4.3 13.8 7.7

j? „ j,Tr. i:~ r
s>> s

CC(0 .0 5) - - 1.87 2.07

sr 0.39 0,^2 0.87 0,96

PS — Pot: significant.
S - Bignzfleant.



The data revealed significant difference between 
treatments ax. 20 DAS during both the years. The treatment 
Tjj recorded the highest LAI which was on par with T-j but 
significantly superior to all the other treatments. The 
next highest value was recorded by the treatment Ty.

At flowering stage there was no significance 
between treatments during both the years. However Ty 
recorded the highest LAI of 4.67 during the first year 
and 2.67 in the second year.

4.3.1.4 Number of branches/plant

Tne data on the number of branches per plant 
are presented in Table 25.

It was seen that there was no significant 
difference between treatments during both the years.
However in the first year recorded the highest number 
of branches closely followed by Ty. In the second year 
Ty recorded the highest number.

4.3.1.5. Dry matter production

The observations on dry matter proauction were 
recorded at 20 DAS, at flowering and at harvest. The data 
on mean dry matter production are presented in Table 26.

The data on dry natter production revealed that



)G

ffsblc 25. ^eaf asxe index and nuafcer ox branches pci plant 
of third crop of co' aea

I'reat-
nerts

Leal area index
20 DAj3 Iflo jcring 

I year II year I year II ycer 
1934-85 1985-86 1984-85 1985-8S

Ktubor of branches

I year IT year 
1984-85 -J985-S6

5? 0.57 0.53 2.81 1.97 4 . 8 4.6
I?2 0.46 0.45 2.9S 2.12 4 . 8 4.8

5 0.54 0.34 e.59 1.35 3 . 6 5.6
!*! 0.46 0.42 2.56 1.54 4 . 5 4.1

‘5 0,64 0.61 2.7B 1.75 5.4 4.6
3?•“•6 0.40 0.39 2.56 1.88 3.3 2.9
‘V*7 0.51 0.48 4.67 2.6 7 5.3 5.0
O’8 0.35 0.34 2.43 1.97 4»y 1 .6

ptest s S Mb m aa lid

0 2 (0 .0 5) 0.08 0.07 - - ~ -
SC 0.04 0.03 0.65 0 .4 3 0.68 C.C5

If« — tfo'c ainnxiieenfc. 
S — Significant.
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Table 26, Dry 'Tia'ccer production of third cro^ of eowpoa (kg/ha)

Treat­
ments

20
I year 
1984-85

DAS
II year 
1905-06

Flouerxng Harvest
I year II year I year 
1984-85 ->985-86 1984-85

II year 
1985-86

21 149.4 276.3 2066.7 1823.3 C720.0 3755.2

T2 133.4 221.0 1733.3 1547.0 6488.9 3672.3
qi
3 110,7 262.4 2186.7 1167.9 6462.2 2523.1

2a 124,0 221.0 1866.7 1132.6 6396.5 3644.7

fPx5 133.4 234.8 1533.3 1215.5 *-595.6 3922.7
m*6 ->46.6 2?4.8 rooo.o 1939.0 5133- 3 ' 269.C

T? 170-7 276.3 2933.5 2265.3 6524.5 42*9 7 .4

mxs 140.0 221*0 2533.3 1768.0 5 9 0 2 ,1 3392.3

■* test 
GD<0.05)
fcB

US

18.42

1M

38.33

NS

465.99

s
458.81
213.90

1/3

788.55

Jb

1008.90
470.35

NS - 
S -

Hog significant. 
Significant.



there was no significant difference between the treatments 
at ?0 CAS during both the years. However in the first 
year Ty recorded the highest dry matter production 
followed by . la tho second year and Ty recorded 
the highest values followed by TU.

nt flowering stage also, there uas no significant 
difference between the treatments in the first year, 
but the effect was significant curing the second year.
In the second year Ty gave the highest dry matter x hich 
was significantly superior to Tg, T^» T^» T^ and Tg.

At hargest stage also there was no significant 
difference between the treatments in the first year, 
but the effects were significant during the second year.
Though there was no significant difference in the first 
year T̂  recorded the highest dry matter closely followed 
by T y . In the second year, Ty recorded the highest dry 
matter which was significantly superior to T j and TQ.

A.3.2. Held attributes of cowpea
4.3.2.1. Kumber of pods/plant

Tne data on the number of pods/olant are 
presented in Table 27.

The data revealed no significant difference between 
treatments during both the years. However, Ty and T^ gave

98 ^



Table 27. Yield attributes of third crop oi cowpea

Treatments
Number of cowpea poa/ 

plane
I Yna. 1 1 Ilak 1064-85 19435-86

Knabtr oi grains/ 
pod

1 ISAd Ii ftiii 1984-85 1985-86

length of 1000 grain weight 
poa (cm) (&)

I YI8N II YIAn I Yi.AU 17 YUiR  1984-83 1985-86 1934-85 1935-86

1 2 .1 8.4 13.1 12 .5 45.5 14.2 1 2 1 .2 1-21.7
% 13.2 9.6 13.7 13.1 16.3 15.2 116.1 116.7
23 14.8 7.8 13.9 13.4 16.6 15.5 121.5 121.7
24 13.1 9.3 13.8 13.2 14.7 13.5 12 1 .8 121.7
% 1 1 . 0 8 .0 43.2 13.0 15.2 14.1 119.8 119.2
*6 11.3 7.6 11.9 11.5 14.7 13.6 110 .1 1 1 0 .0

15.5 11.5 13.3 13.0 15.5 14.8 124.6 125.0

Sb 1 1 . 2 7.5 11.7 1 1 . 1 15.1 14.0 113 .0 113.3

FF test NS H k II £> c V- O'vV lio

cxs(0.05) - - - 0.65 1.24 1.18 1.08 -
SB

ss

a

1.83 1.42

- Hot significant.
- Significant.

0.96 0.30 0.58 0.55 0 .51 4.53

CDCD



1 0 0

the highest number of 15.5 and 14.8 respectively in 
the first year. In the second year Ty gave the highest 
number of 11.5 pods.

4.3.?.2. dumber of graina/pod

The data on number of grains/pod are presented 
in Table 27.

The data revealed that there was no significant 
difference between treatments in the first year. However 
in the second year there uas significance between treatments. 
Treatments Tg, T^, T^ and Ty were on par but signifi­
cantly superior to T^, Tg and TQ.

4.5.2.3. Length of pod

The data on mean length of pod are presented in
Table 27.

The data revealed significant aifferercc beti pen 
treatments during both the years. The treatment T^ reeorced 
the highest lengtn which \ as significantly superior to 
T T g ,  Tg and Tg but on par with , 1’2 and Ty.

4.3.2.4. 1000 grain weight

The data on mean weight of 1000 grains are 
presentee, in Table 27.

There uas significant difference between treatments 
in the first year. But no significant difference v/as observed
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in the second year. In the first year, Ty recorded 
the highest weight which was significantly superior to 
all the other treatnents. Though the treatment differences 
were non-significant m  ihe second year, the same trend 
as that of tne first year was observed, Ty recorcmg the 
highest weight.
4.3.3. Yield of cowpea

4.3.3.1. Grain yield of cowpea
The data on mean yield of cowpea grain are 

presented in Table 28 and Fig. 7.

The oata on grain yield revealed significant 
difference between treatments in the first year, but the 
difference was not significant in the seco.-d year.

In the first year Ty recorded the highest 
yield of 89b kg/ha which was significantly superior to 
all other treatments followed by T-j,

In the second year eventhougii the difference 
was not significant, the treatment Ty recorded the highest 
yield of 519.2 kg/ha,

4.3.5.2. Haulum yield
The data on mean yield of haulum ere presented 

in Table 28.
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Sable 28. Grain yield and haulm yield of third cuop of 
co'.7 pea (kg/ha)

Grain yield Hau3ra yield
Sreatnents x ysQr xi ?ear I year II yea_

1984-35 1935-3S 1954-39 1 9 3 5 - 8 6

*1 664.2 421,7 2756.7 698.7

^2 648.3 4 5 0 .O 1920.0 891.2

®3 620.8 356.7 2200.0 555.3

24 565.0 383.3 2156.7 619.c.

25 659,2 435-0 2138.3 739.2

2o 559.2 383.2 2202.7 726.2

27 695.0 519.2 25/t.7 896.2

~8 *13.3 346.7 251,-0.0 753.0

“ teat s ITS No 3SS

CD(0.05) 218.86 - -
Si' 102.63 77.92 3C8.06 192.96

ITS — Sot significant.
S “ Significant.
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She data revealed that there was no significant 
difference between treatments during both the year...

4.3.4. Uptake of major nutrients by cowpea

4.3.4.'j. Nitrogen uptake

Sue data on mean uptake of nitrojen at harvest 
are presented in Table 29.

The data on nitrogen uptake revealed significant 
difference between treatments in the first year, but the 
difference was not significant in the second year.

In the first year Tg recorded the highest value 
which was significantly superior to T^t Tg and Tg.

In the second yoor, T,̂  recorded the highest 
uptake eventhough the effect was not significant.

4.3.4.?. Phosphorus uptake

The observations or. phosphorus uptake were recorded 
at 20 LASj at flowering and at harvest. The data on mean 
phosphorus uptake are presented in Table 30 and Fig. 8.

The d.ita on phosphorus uptake revealed that 
there was no significant difference between different 
treatments at 20 I AS during both the years.

At flowering stage, there was no significant 
difference between treatments in the flrsx year, but



Table 29* Nitrogen and potassium uptake by third crop of 
coupes (kg/ha)

■ i r,i ■>-i<r»ii.imccnx»cvŝx«'.»4̂«;r ■* irwiTmninroirfc* n—jhm ■ini ip>i

nitrogen uptake Po'cas- 2.u‘a uptake
Treatments I year 1984—85 i.r year 19S5“26 1 year 1984-85 II year 1955-86

TJvj 201.3 112.8 105*2 58.8

T2 216.? 120.4 105*5 58.9

$5 200.2 78.1 97*5 37.9
\ 174.7 107.9 95.7 54.5
T5 18Q.6 102.4 92.3 66.5

~b 161.9 133.7 91.7 76.5

*? 199.3 140*7 102.4 74.6

T8 113,8 *01.3 1̂ 2.1 56.5

P~ test 3 wr
035(0*05) 41.65 a»
SE 19.42 19.53 9.28 14.17

its Not sigpiiizLcant*.
s x̂gnrficafet.



105

Sable 30o Phosphorus uptake by third crop of coupea (kg/ha)

20 BAG S'lOi cring Harvest
I year SI year I IT Jfoar Jet y»- r il year198^-85 1985-85 1954-85 1085-86 1984-85 1985-86

1*1. 1.4 15.0 10.2 32.5 17.1
1.0 1.1 11.5 10.9 28.2 16.8

i5 0.90 1.2 16.5 1C*5 29.9 12.0
0.S4 1.1 12.4 5.5 25.6 13.1

% 1.0 1.2 10.5 8.3 25.B 19.4

t6 1.2 1.1 1p*2 6.5 27.5 18.7
-1< 1.2 1.4 19.3 11.8 29.4 22.1

^8 0*88 1.5 16.0 5.6 21.9 15*8

21 tosr as m IIS s OS

025(0*05) IM* mm - 3.43 P. 76
SE 0.15 0.22 5.66 1.60 4*19 1*29

SS - Hot significant.
S - Significant*



I year (1984-85) II year (1985-86)

PIG. 8 PHOSPHORUS UPTAKE BY THIRD CROP OP COWPEA



l U b

significant difference was observed in the second year. 
However in the first end secord years, T^ recorded the 
highest uptake of 19.3 kg and 11.8 tg respectively, 
noreover during tne seconA year, ?y was significantly 
superior to 1£, T&, Tg and Tg.

At harvest stage also no significant differs "ice 
WjS observed in the first year, but significance observed 
in. the secord year. However, in the first year* 
recorded the highest uptake closely followed by and 
Ty. In the second year recorded che highest uptake 
of 22.1 kg which was significantly superior to all other 
treatments except T^.

4.3.4.3. Potassium uptake

Ihe cate on potassium uptake at harvest are 
presented in Table £9.

It can bo seer from the c?ata that there wis .o 
significant difference in Potassium uptake by the tifferent 
treatments.

4.3.3. Soil nutrient status after ihe third crop of cov.oca,

4.3.5*1. Available nitrogen
Tne data on mean available nitrogen contents of 

the soil are presented in Table 3 1.
Ihe data revealed significant difference between
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treatments during both the years. The -reatuant Tg 
recorded che highest nitrogen consent of 553.3 kg and 
550 kg respectively for the first and second year, which 
was significantly superior to all the other treatments.

A.3.5.2. Available phosphorus
The data on nean available phosphorus concent 

of the sol] are presented in Table 3?, Fig, 1 5 .
The data revealed significant difference between 

treatments dur_rg both the years.
In the first year recorded the highest content 

of available phosphorus which was sxgniiiccntlv superior 
to all the other treatments. The next higher value vac 
recorded by ^ „

In the second year T^ recorded tna nighcst value 
which was aignificantly superior to all xhe cirrr events, 
followed by T ,

A.3.5.3. Total phosphorus
The data on mean total phosphorus content of the 

soil are presented in Table 32.

It i as seen tnet there was significant difference 
between treatments during both <-he years. T̂  recorded 
the highest value which was signmc^ntly superior to all



Sable 32. Available phosphorus, toual phosphorus and phosphorus 
XJbilug cepac-ity oX che soil alter She third crop 
oX corpse, (k~/ha)

1U9 "

Available phosphorus Sotal phosphorus P fusing 
Vrest- _ cepacauy
meats X year II y^ar I year Ij. year I year j.1 year

4984-65 1985-86 4934-85 1965-86 4984-85 4985-8C

*4 5 5 .8 5 7 .8 8 4 5 .3 770 .0 455 .6 424 .0

Tkc: 5 0 .2 4 5 .9 S34.3 740.0 4 37 .0 427 .6

*3 4 7 .4 5 0 .6 748 . 3 749 .0 459 .7 464 .5

fp
ix 5 5 .2 4 4 .5 720.0 70’’ . ? 455.6 /145»4

m 4 4 .6 4 5 .8 7 44 .7 7 0 2 .3 4 5 3 .7 444 .6

% 4 4 ,? 4 2 .4 705 .0 700.0 462 .9 4 66 .5

'*? 4 7 .? 4 5 .4 69C .7 654.3 455 .0 457.4

l‘8 3 6 .7 5 k .4 670 .0 6 4 9 .0 446 .8 438 .5

test s S ts./ O & s

© (0 .0 5 ) 0 .8 ? -(.52 40 .73 6 .4 5 0 ,2 6 4 .3 9

SB C-.iiO 2.44 5.00 2 .S 7 0 .4 ? 0 .6 5

— oj.gn3.fi.cadb.



the other treatments followed by Tg.

4.3.5.4. Phosphorus fixing capacity of the soil.

The data on mean phosphorus fixing capacity 
of the soil are presented in Table 32.

The data revealed that there was significant 
difference between treatments. Treatment Tg recorced 
the hig! ost value Yhich was Pignificartlv superior to 
all the other tri etments foil<x ed by T,,

4.3.5.5. Available potassium
The uata on mean available potassium content 

of ’oil are presented in Table 31.

Jt revealed tn-t there 1 as significant di-rferencw 
between trestment3 during both the years. The treatment 
Tg recorded the highest av°ilabte potascinn content of 
220 kg/ha in the firs* veer which v/as significantly sjpi.r„ 
■co all the other treatments,

In che second year record*?! the highest value 
v/hich was on par with T? and Th but significantly superior 
to the oihors.

4.3.5.5. Correlation studies
It could bp seon from Tabl^ 33 that phosphorus 

uptake was significantly and positively correlated v'th 
dry matter yield, nitrogen uptake and potassium uptake



Sable 33. Intercorrelation matrix involving the variables 1-uptake (X^), dry matter 
yield (X,,) yr la yield (X^). c-YPilabe phosphorus content of 1ho soil ( )  
fl-upiake (Xj) K-uptaJre (X,) - tided crop of covpea

Variables x i >*2 X,j *4
V
"5 H

*1 0.9059** 0,2176 -0.1239 0.8650** 0.5413**

x2 0.8757** 0.1473 0.1572 O.9470** 0.4276*

x3 0.6959** 0.5625** -0.0469 0.1294 0.2434

H -0.2140 -0.2068 0.4743 0.0923 -0.2378

S 0.7030** 0.9251** 0.5537** -0.11 i9 0.4419

H 0.8621** 0.8384** 0.5128* -0.4203 0.6134**

Fisjures in  tue upper and low er d iagonals are r e s p e c t iv e ly  rhe c o r r o la t inns for 
F irs t  (1934-35) and Second (1985-86) years.

* S ig n ifica n t a t p ro b a b ility  le v e l .

** Sif_Uiiie£.i <. a t  1,7 i 'lo t -a b il it j  le v e l . Ill
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during both the years and also with grain yield in the 
second year.

Dry matter yield was significantly and positively 
correlated with nitrogen uptake and potassium uptake during 
both the years and also with grain yield during tho second 
year.

Grain yield was significantly and negatively
correlated with available phosphorus content of the soil 
and positively correlated with nitrogen uptake and potassium 
uptake oaring tne second year.

Available phosphorus content of the soil '"as 
sigmxicuntly negatively correlated villa potassium uptake
during the ciejT3 year.

j'itrogun upc«n»e was s.gniixcaaliy -.na positively 
correlacct, vjiUa potassium uj. w-te during octL tha yeais.

4.3.6. Growth attributes of sesamum
4.3.6.1. Plane height

The observations on plant height were retore ed al 
30 IAS, at 30 DAS and at harvest. The fata cn mean height 
of plants are presented in Table 34.

There ura sigm/xc&i t ailference between the treat­
ments in plctl height ut 30 OAS curing the first and second 
years, in -h- first ye-r Ty reccrceu tie raeiupjm t i n t  ue_e.ht
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Sable Height of plan bo of third crop of sesanum (ecu)

occ b

S ^ t m e n t s  »  a * 3  5 °  B A S

I yea? II year I year II ye^r I II year
1984-85 '?9S5“86 1984-85 19C5-G6 198^~8p 1959-86

*1*X1 47.9 44*9 -119.8 100.3 130.0 101.8
n}
2 A4.8 .✓.?* « 114.9 10". 1 1*7.3 116.1
<2- 49*2 40.7 124,3 116.5 131.9 111.0
2?,4 49.7 31.5 122.4 94.1 125.5 100.4
ft - r 47.5 45.7 118.2 115.9 151.4 112.1

JU6 43*0 41,4 118.8 101.9 J'3%* 104.3
Sr,/ 51.7 42.8 133.0 111.1 1^2.5 111.7
n8 ^3*5 32.G 118*2 98,0 120.4 103.5

F _ . S S US b G US
CD (0.05) 4*93 7**16 - 11.88 -73.89
bE 2.30 3.34 6*29 3*34 6.19 5-21.

MB
S

ITot s i g u a x r e a z a t *  

S a g a a l a e a i ’t.
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which was significantly superior to Tg , Tg and Tg  and 
was on par v/ith the others. In the second year T^ recorded 
the maximum plant height, which was significantly superior 
to T g , and Tg but was on par with T^, T^, Tg and T y .

At 50 DAS there was no significant difference 
between treatments in the first year, but the maximum 
height was recorded by T y . During the second year 
there was significant difference between treatments.
The treatment T^ recorded the maximum height which was 
on par with Tg and Ty but significantly superior to the 
other treatments.

At harvest stage also there was significant 
difierence between treatments in the first year, The 
treatment Ty recorded the maximum plant height which was 
significantly superior to Tp, and Tg but was on par with 
the others. During the second year no significance was 
observed.

4.3.6.2. Number of leaves/plant

The observation on leaf number were recorded at 
30 DAS and 50 DAS. The data on mean number of leaves are 
presented in Table 35•

The data revealed tnat there was significant 
difference m  the number of leaves at 30 DAS both m  the 
first and second years. In the first year Ty recorded



ffAIU/B 35. Number of jl eaves per plant and leaf area index of -third crop o£ sesamua

Nuaoer of leaven Leaf area index
Treatments 30 DA s 50 DAS 30 DAS 50 DAS

I year II year I year II year I year II jear I year II year
1984-85 1335-86 1984-05 1385-86 1964-85 1985-86 198A-85 1985-36

*1 21.7 8.4 60.1 29.2 0.67 0.26 t.75 0.85

$2 18.4 9.4 33.3 3-U7 0.37 0.19 0.98 0.01

S3 16.4 8.4 59.6 36.8 0.42 0.22 1.75 1.07

*4 21.9 8.2 64.2 32.8 0.81 0 .3 0 1.86 0.95

*5 19.3 10.8 67.4 42.4 0.60 0.34 1.96 1.23
20.6 9.0 70.0 32.0 0.64 0.27 P.0A 0.92

T? ?6.5 10.4 70.3 39.0 1.4* 0.60 2.04 1.13

*8 20.2 9.2 52.0 33.4 0.41 0.19 1.53 0.97

r test S S S 8 S 8 BS S NS

00(0.05) 3.87 1,13 5.41 — 0.55 — 0.15 —

66 1.81 4).53 2.52 4.08 0.25 0.12 0.07 0.12

Ni - Not significant. S - significant. 115



the highest number which was significantly Buperior to 
all the other treatments. In the second year recorded 
the highest number which was on par with Ty, but significantly 
superior to all the other treatments.

At 50 DAS, there was significant difference 
between treatment during the first year. Ty recorded the 
hignest number which was on par with Tg and but signifi­
cantly superior to all the others. In the second year 
the difference was not significant. However T- recorded 
the highest number followed by Ty.

4.3.6.3. Leaf area index (LAI)

ihe observations on leaf area index were recorded 
ab 30 DAS and at 50 i" AS. The data on mean leaf area index 
are presented in Table 35.

'•ihe data revealed significant difference between 
ireatii enxs at 30 CAS during the first year. Ty recorded 
the highest LAI which was significantly superior to all 
the other treatments. In the second year, Ty recorded 
the highest LAI eventhough the difference was not significant.

At 50 DAS, there vas significant difference between 
treatments in the first year, Ty and Tg recording the 
highest LAI values which were on par with T^, but significantly 
superior to all other treatments. In the second year the
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treatment difference was not significant. However T^ 
recorded the highest number closely followed by Ty,

4.3.O.4. Number of branches/plant

The data on mean number of branches/plant 
are presented in Table 37.

There was sxgr.if.tca.nt difference between 
treatments during both the years. In both the first 
and second years, Ty recorded the highest number of branches 
of 4.5 and 3.4 respectively, which \as significantly superior 
to the other treatments, except T1 in the first year 
and Tg and ^  the second year.

4.3.6.5. Ory matter production

®he observations on dry Eiatter production wore 
recorded at 30 BAS, 50 OAS and at harvest. The data on 
mean dry matter production are presented in Table 36.

The data revealed significant difference between 
treatments at 30 CAS in the first year. Ty recorded the 
highest dry matter which was significantly superior to all 
treatments except T^.

At 50 DASs there was no significant difference 
between treatments in the first year, but in the second 
year there was significant difference. The treatment Ty 
recorded the highest dry natter which was significantly 
superior to all the other treatments except T^.
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Table 36. Dry matter production of third crop of sosamum (kr/5}a)

Treatments
30

X year 
1984-35

M b
IX year 
1535-C6

50 M 3
I year 
1904-85

Ilarvesr
II year I year II year 
1985-36 1364-35 1985-86

~u 583.- 512.5 3416.7 2475.0 573i«4 orfn* «

2L
Cm

5 0 0 .0 52?.9 3166.7 2755.3 t274.9 5237.9

S 5 0 0 .0 312.5 3085.4 1908.5 6085.4 2512.5
n —»e 416.7 2 5 0 .0 4166.7 2008.3 2916,7 2412.5

iv. c;50»o 543,8 2253*4 6833.9 2468.3

26 550.0 250.0 M66.7 200s . 5 5916.? 2412.5

Sy 6 6 6 .7 512.5 4250.0 5455-3 7385^' 39C8.3

*8 o5»3 2165.7 1 7 4 7 . 5 4783.4 2075.0

X* ‘of5fe>’C fcj i:s 3 JS S

GDfO.05) 144.62 ~ - 669.29 1271.54 937.72
SI 67.42 53.70 312.59 512,02 592.?C 437.17

iV& — Set S2.snifa.ccnt,
»■> — s. gnif ice-i:f.



At harvest stage, there was significant 
difference between the treatments during both the years,
Ty recorded the highest dry matter production of 7583.4 
kg in the first year and 3968.3 kg in the second year and 
was significantly superior to all the other treatments 
except in the first year and Tg in tne second year.
4.3.7. Yiela attributes of sesamum
4.3.7.1. fiuaber of pods/planc

The data on noan number of pods/plant are presented 
in Table 37.

The data on the number of pods revealed that 
there was no significant difference between treatments 
in the first year, whereas significant difference occurea 
bem/een treatments in the second year. In the second year 
Ty recorded the maximum number of 27.5 pods/plant which 
was on par with and was significantly superior to all 
the other -treatments. In the first year eventhough There 
was no significant diifarence between treatments, T^ gave 
tne highest number of 35.3 pods/plant followed by Ty (33.8).

4.3.8. field of sesamum
4.3.8.1. Seed yield

The data on mean seed yield ore presented in 
Table 38 and Fig. 9.

It was seen that there was no significant difference
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Sable 3?. lumber oi" pods and number of branches per plant
of third crop of sesanua

bumbox of pods Humber or branches
I year II year 1 year II year
19b4-C5 1985-86 i;3-,~S5 1X5-0 0

ii mi— ■ i« r —- ' n  mu mm n c i ■» i mu'm » n » w  m m  i n  »w »m»i i i» i m m imi h i    ........  ii i u

*1 23.2 13.7 4.2 2 . 5

*2 25.5 20.6 3.3 3.3

23 26.4 18.7 3.1 3.0

*4- 3*.* 17*1 2.5 1-3

fp
x5 35.3 24.0 5.1 2.5

a
6 33=5 1G.6 5.5 £.5

*7 3". r 27.5 4.3 5«‘"

8 io-5 3.3 C~ n

O b

4.Gj> 0,15 C *46
1.86  0.07 0.21

iSij - JTci -Igr_ i J cent.

3 ~ bignifxcaat.

' test
Cl-(0.055

■•.OS
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Te'ble 38* Seed pield rxid 

scsasiusi ( V V ^ a )

l>hu so TXtld of fnxrd crop of

jrxeid
;g

I yfiicT’ II z r ^ ' i r  

-193^85 1985-86

Blid^o 7 1  old

I year* II 70a .'1 
1 9 ^ ^ 8 5  19&5-86

552.5 <*21.7 1328.3 50 0 .0

T 2
555*8 465*0 1296*7 7 2 5 .0

% 506.7 406*7 1 2 1 3 *3 603. 7>

ni~4 *88.3 585*0 1553*0 6 “ 3.0

T-Cj 5 6 0 . 0 450.0 r*05*Q r'fv.3

I*re> 475.3 391*7 273*3 7co.o
lJ.*7

r
C15.3 * 33*3 1388*3 95C. 7

n * 50. o 333*0 1^-3* 7 £*'0.0

V
f oct 8 6 m as IS

SXi 7 0 * 8 8 7 6 * 1 1 285*46 132,15

230*7
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between treatments in seed yield of sesamum during both 
the yi_ars. However recorded the highest yield of 
613.3 kg/ha in the first year and in the second year.

4.3.6.2. Bhusa yield
The data on mean bhusa yield are presented in

Table 3S.
The data revealed no significant difference 

between treatments during both the years.

4.3.9. Uptake of major nutrients by sesaaun
4.3.9.1. Nitrogen uptake

The data on mean nitrogen uptake by the crop 
at harvest are presented in Table 39.

Tne data revealed significant difference in 
nitrogen uptake botueen treatments during both tne yearn.
The treatment Tc recorded the highest nitrogen uptake wnich 
was or par with 1,j but significantly superior to all the 
other ircatments in the first year. In the second year T^ 
recorded the highest uptake which was on par with Tg, and

V
4.3.9.2. Phosphorus uptake

uptabc.Tne observations on phosphorusAwere recorded at 30 
BAfa, 50 DAS and at harvest. The data on mean phosphorus 
uptake are presented in Table 40 and Fig, 10,

Ihe data on phosphorus uptake revealed that at 30 DA
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(Tabic 39. Nitrogen and potassium uptake at harvest by 
third crop of sesamum (kg/ha)

Nitrogen uptake rotacciua up ode
^taehi.3 -j- j,»., it year I year II year

195,-83 1935-86 1984-35 1985-85

*-1 —>1 t
oc.? 34. 9 r 1C8.5 l'3*7

m
CL

9**0 63.50 99.5 74.9

% 7',»6 >9.7 S ’.6 5'* *3
rn"4 «6.7 35.1 5'i.6 37.3

25

“6

14**9

inc. 3

52.4

^. e

140.1

84.G

5 0.S 

5-1.E
n 13* .1 6B.B 1*4. 3 78.3

107*5 ■h-5.5 1<_3.1 m +.G

,i=.u
>*0 5) 37*77 18.4^ 19.38 17.97

13.95 S.5G 9.03 8.38

s .'Xguif leant.



Sable 40. Phosphorus uptake by thxrd crop of sesamum (kg/ha)

50 DASi'reatmento
X yeax Xi. 
1384--85 1385~S6

T *■> PO c,̂  jer O.QQ
m 2.55 1.11

^3 2 . 7 7 1.05
rp~4 1.88 0.66

5 1.33 1.18

6 5.18 0.55
(71
*7 3*46 1.03

% 1.34 0.92

J r.. IT /
>10.05) 0.74 ~

0.35 0.?i-

E3 Hot S3.gnificani
£» -W Cacixfjcait.

50 LAS Harvest
X y e a r  XI ;>ea<- I  yesx* I I  y e a r  
19d4-o5 '’985-SS 1je'r~G5 1985-SC

4.59 5.8S <=4.90 ^,.90

8.95 9.06 19.50 '13.80

9.16 6.20 18.50 16.70

12.16 7* 17 1 5 . 1 0 ->8.15

6.0? 8.02 23.50 £1 . 5 0

9.40 6,70 21.40 20.90

7.42 13.39 25.50 £2.20

6,71 -A • V>J \0
I I

25,30 ■̂ 6.50

~ a b rk, 8
- ’.S'! - 5.50
2.20 0.84 4-52 2.57



P 
up

tc
Ke

 
(K

g
/h

a)

I year (1984-85) II year (1985-86)

PIG. 10 PHOSPHORUS UPTAKE BY THIRD CROP OP SESAMUM



125 V"

the uptake was significantly different between different 
treatments during the first year, but was not significant 
in the sacona year. In the first year, T^ recorded the hignest 
uptake wuich <as significantly superior to Tg, '^5 an<3 

Tg. In the second year -chough there was no significant 
difference Tq recorded the highest value.

At 50 I*®.., uhc data revealed significant difference 
between treatments ii the second year9 but not in the first 
year. In tie second year, Ty recorded the highest uptake 
which K-as signixicantly superior to all the other treatments.

At harvest stage also phosphorus uptake recorded 
significant difference between the treatnents during the 
second year. In the second year Ty recorded the highest uptaice 
which was significantly superior to T2 and Tg but was on par 
with the rest. In the first year though not significant 
Ty recorded the highest uptake followed by T^«
4.3.9.3. rofcasslun uptake

The data on mean potassium uptake are presented in
Table 39.

The uaia revealed significant difference between 
treatments during both the years. The treatment Ty recorded 
the highest uptake which was significantly superior to all 
the other treatnents except T^ and Tg in the first year and 
Tg in the second year.
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4.3.10. Soil nutrient status after the third crop of sesanun
4.3.10.1. Available nitrogen

The '-’nta on mean available nitrogen content cf 
the soil are presented m  Table 41.

The cate revealed significant difference in 
nitrogen co’ tone cy the different treatments during 
both the years. Treatment Ty recorded the highest nitrogen 
content which was sjpnificently mpi-rior to all the other 
treatments in the first yeer bit was on par with Tg in 
the second year.
4.3.10.2. Available phospnorus

The data cf mean available phosphorus content of 
the soil are presented in Table 41 and rig. 1$.

The data on available phosphorus content of the 
soil revealed significant di^^erence between treatments 
during both the years. Tn the first year* the treatment 
recorded the highest value of available phosphorus \ hich ' as 
significantly superior to all the other -treatments.

In the second year T^ recorded the highest value 
which was on par with Tg but \as significantly superior to 
all ihe other treatnents.
4.3.10.3. Total phosphorus

The data on mean total phosphorus content of too 
soil are recorded in Tabic 41.

Total phosphorus content of the soil recorded 
significant difference between treatments during both the



Table 41. Liable nitrogen, available potaesintn, available and total phoephorue and
phcsphorus fixing capacity of the coil aft^r tne third crop of sesamura (kg/ha)

AvoiJablc nitrogen Available poiassiujp Available prosphojua loi-cil 1 fj.xiax-
I'bQpphon’'' C^ps^ity

I Ynar II Year I Year II Year I Year II Year I Year* II Year I Year
Iyd4-U3 iyop-36 i3G4~G3 13C3-G0 1924 35 1985-06 19H4-85 1985-86 1984-3'

*1 315.0 317.7 155.0 153.3 49.7 54.6 738.3 753.7 160.6

*2 392.3 393.0 255.0 242.5 -'-2.3 53.' 718.3 7e 0.0 176.6
I,J 239.0 291.7 2K.7 215.0 42.7 46.6 696.7 704.0 165.3

*4 589.0 384.3 555.0 336.5 52.? 40.2 670.0 635.0 151.9

% 278.5 281.7 255.0 245.0 43.6 45.3 670.0 752.3 146.7

*6 544.3 545.3 255.0 2 3 0 .0 55.4 45.1 653.0 600.0 151. S
3?ij 571.9 572.3 331.0 3i0.0 <5.6 44.2 640.0 639.0 162.8

8 440.7 442.3 159.7 195.0 35. 4 32,1 563.3 524.3 158.9

F test & 0 0 ii i-J kr 3 s s
CD(0.S>5) 26.84 30.25 7 i .99 13.83 1.04 3.76 11.23 6.63 0.37
BO 12,51 14.10 35.p6 6.45 0,48 1.76 5.24 3.09 0.17

& — xjlgnu.f leant •
i—*
ro'j
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year^* recorded the highrct v_xuc .n*ch "was si{ -lii-
canfcly superior to all the ox her treatments e>ce_ t In 
the second yeas'.

A.l.iQ.h. hosphorus fixing capacity of the soil.
r'.*a oata on uean phosphorus fixing capacity of 

tit. ooil nre presented in iable 41.
the ata revealed sxgri.lic'-r.t clffcrenee tetw. e i 

trta-teats, ihe traaturnt X2 received the highest v lue 
which as Significantly superior to all tne other treatment .

4.3.10.5. Available potassiua
i m  data on rs«an available t,otassias of tne soil 

are presented in fable 41.
Ihers i as significant dii fere-ice between trectn.ei is 

dur^, g both the years. -r^at-ent recor^ ed the highest 
avcliable goteosxma which was significantly superior to 
all Via other treatuerts c; <~e t In the first year.

4.2.11. Correlation studies
Ic can he s^eu ire® ‘fable 42 that phosphorus 

u^taKe was significantly and positively ccrreletec with 
dry aether yield, nitrogen uptaKe and ota^sium uttaie in 
the first year and negatively correlated with available 
phospnorus content of the soil daring tha second yeir.

Dry natter yield uas positively ard slgnlfic ntiy 
to: related with yield, nitrogen uptake and potcssiun
upta-<o dorio, Doth the years.

128 '
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Table 4(3. Ini ercorrelaGxoa ut. vriK iiivol/mg the va?x.j.jies P-u^iake ( Xj), toy 'r.nttor 
yieLd (\g) grain yield (X^), availaole pho&x̂ ko-.'us content of the soil (X^) 
fl-uptake (X~) and K-nptake (Xg) - third crop of sesanum

Variables * 1 X2 *3 X4 X5 X6

X1 0.7591** -0.0526 0.0498 0.4918* 0.6744**

*2 0.0151 0.4134* —0.i684 0.5680** 0.944S**
x5 -0.0014 0.4777* 0.0558 0.(991 0.4265*

-0.4578* 0.3007 0.4114* 0.2635 -0.2136

h -0.9400 0.7948** 0.4259* 0.0251 0.7215**

H -0.1654 0.9553** C.51C2“ 0.3296 0.8913**

Figvres in rha uppex and lows a diagcnols are refpecoivcly tne correla-crona for First (1984-85) and second (1985-36} years.
* Significant at 5$ probability level.

* * Significant at 1f« probability level. ^
rcCD



Grain yield was significantly and positively 
correlated with potassium uptake during tooth the years 
and also positively correlated with available phosphorus 
content of xhe soil and nitrogen uptake during the second 

v year.
Nitrogen uptake was significantly positively 

correlataa with potassium uptake daring both the years.
4.4. Effect of phosphorus on the first crop of rice

after co.'pea and sesamcra
(Direct, residual and cumulative effects of 
onosphorus fertilisation)

4.4.1. Growth attributes of rice after cowpea
4.4.1.1. Plant height

The observations on plant height were recorded at 
30 PAT, at flowering and at harvest. The data on mean 
height of plants are presented in Table 43.

Tne data on plant height revealed no significant 
difference between treatments at any of the growth stages dur­
ing both the years.
4.4.1.2. dumber cf tillers per hill

The observations on tiller number were recorded at 
30 DAT, at flowering and ax harvest, ‘-’he data on mean tiller 
number are presented in Table 44-»

The data on tiller number revealed that there was 
no significant diiference between the treatments at 30 DAT

130 ^
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Table 44. Kuncer oi txilc b .t)C'- hiJ. 1 0i 0 J Cp u.’ U Ct, 11 (.ei

Treatno±>< 0
30

X ye-ix' 
1965-06

1 AV
II year 
1906-37

i'louerin
I year 
1905-36

1 1 year 
1s»S6-0/

TotaL tilleito 
I ycir Xjl year 
1935-86 1986-37

SOPlIioluotiv 
1  year 
1935-86

0 ‘i*.L!L!LQ3?'Ci 
1 1  year 
13JC-G7

* 1
5.7 5.9 G.O 6 .6 4.7 5.3 4->4 4.3

* 2
6 . 2 5.5 7.6 6.4 4.4 a .5 <4.4 3.6

*3 6.3 5.8 6.3 6.5 4.5 4.8 4.2 4.3

*4 6 . 2 6 . 2 6 .0 6.3 5.0 4.8 4.9 4.0

*5 b.O 7.1 7.5 7.5 4.9 5.4 4.7 3.1

*6 6.3 6 . 2 6.5 7.4 4.4 5.? &•$ *.7

2 7 6 .8 5.6 5.5 6.5 5.4 5.0 5.3 3.8

% 5.3 5.7 5.4 6 . 1 3.0 A . 2 5.0 4.1

F test NS 8 ,s b ITo Ho 3
Cj>(0.05) - 0.35 0.93 0.47 - 0.47 - 0.62
Si. 0.65 0.16 0.44 / 00 ̂* £.b_ c.&a C. 22 0.44 0.29

Ha - aut oi^aifioanii*
J - jlj3nj.fi cant.
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during the first year, during the second ,ear the treatment 
effect uas significant, with 1^ recording the highest nui ber 
which was significantly superior to all ihe other trc„t"ients.

rtt flowering stage there vas significant dij ference 
between treatments during both xhe years, in the first 
year T^ recorded the highest number which was on par with 
Tg and but significantly superior to oil tho other 
treatments. In the secona year recorded one uigueot 
number which was on par with Tg.

it harvest stage, there was no significant 
difference between xr^stmentF wich regard total tillers 
during the first year, but the difference was significant 
during the second year. The treatment Tg recorded the 
highest number which wan on par with T-j, Tg and T^ but 
uas significantly superior to all the other trect^ents.
The productive tillers at harvest stage also showed no 
significant difference in the first year, but significant 
<. ilference uas observed during the second year. The treat­
ment recorded the highest number which was on pur with 

but was significantly superior to all the oxher treat­
ments.
h.1.1.3. -heax m  oa

Tre ooservatioas on lull ere itcuw a- at- 30 -AT 
and at ilowering. Xhe data on mean LAI are presenxed ii, 
fable 45.



'fable *5* Leaf area index (LAI) of first crop 
after cowpea

of rice

30 DA2 flowering
ireatmennc I year 

1985-06
II year 
1986-87

I year 
1985-86

II year 
1986-87

*1 1.7 1.4- 2.5 2.5
1.1 1.0 „ 2.1 2.0

T3 0.93 1.1 2.6 2.5

\ 1.3 1.3 2.1 2.1

T5 1.3 1.4- 1.7 1.7

T6 1.5 1.5 2.3 2.3
rp
7 1.6 1.6 2.9 2.8

% 1.7 1*6 1.9 1.8

^ test HS HS HS S

CD(0.05) - - - 0.62
SE 0.51 0.22 0.4-5 0.29

NS — Hot significant,
S “ Significant.



The data on LAI revealed that there uas no 
significant difference between the treatments at 30 DAT 
during both the years. At flowering stage while LAI 
reooraed no significant difference curing the first year, 
there ''as significant difference in the second year.
Ty recorded the highest LAI which was on par with , T^» 
end Tg. In the first year, though not significant 
Ty recorded the highest LAI,
4.4.1.A. Dry mother production

The observations on dry matter production 
were recorded ot 30 DAT, at flowering and at harvest.
The data on mean dry natter production are presented in 
Table 46.

The data revealed no significant difference 
between the treatments in any of the growth stages during 
both the years except at 30 LAT during the second year.
At 30 DAT during the second year, T| recorued the highest 
dry matter which was significantly superior to T^, Tg and 
1’8 but was on par with the others.
4.4.2. Yield attributes of rice after cowpea
4.4.2.1. Lumber of panicle/

The data on mean panicle number/sq.m. are presented 
in Tab3.e 47.

there was no significant difference between 
treatments in the firsc year, but the Difference was signifi-
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Sable 46. Dry matter production oi first crop of rice
after cowpea (kg/ha)

Ereat-
ments

30 DAE
Iyear XI year 

4935-86 4986-87

ELoueriag
I year II year 
1985-86 1986-87

Harvest
I year 
1985-85

II yeer 
1986-87

E1 4555.7 1275-7 5333.3 4373.4 9667.7 7460.0

4644.0 1092.4 5667.0 3842.4 10338.7 6946.1

a5 1055.3 1106.4 6222.3 3993.2 6850.0 4538.9

T4 4444.0 1016.5 6222.0 4379.8 9003.3 5830.2

"5 1055.7 903.7 4944.7 3920.8 9000.0 5976.9

26 999.7 846.6 6000.3 4261.6 8020.0 5604 .-'J

*7 1444.7 1015.6 6222.3 4374.0 10270.9 6556.3

S8 1666.7 810.6 4888.7 3245.3 8007.7 5109.C

test US S as H8 ITo NS

CB(0.05) - 269.64 - - - -

ss 650.47 125.71 842.97 699.46 1909.60 8p6.9(

ss - Hot significant.
s - Significant,



Table 47. Yield attributes of first crop of rice after cowpea

Ifumbos of panicle/ Nunber of grains/ -1000 grain 
Treat- ' m. panicle weight (g)
nents

I year II year I year II year I year II yea
4985-86 4986-87 4985-86 4986-37 4985-86 4986-8'

*4 294.5 283.3 47.3 33.0 2 5 .0 24.6

* 2 294.4 274.0 45.3 32.7 2 5 * 2 24.7

*5 350.0 283.3 55.4 38.5 24.9 24.5

r4 327.8 266.7 58,6 34.3 25.1 24.7

$5 344.4 3M.1 53»f 29.5 2 5 .8 25.4

% 283.3 347.8 49.4 27.5 2 5 .6 2 5 .2

*7 365.7 2 5 0 .0 54.2 3 6 .0 2 5 .6 2 5 .2

% 277.8 241.4 46,1 30.7 2 5 .2 24.8

1 test NS <3 Its NS Its

GB(0.Q5) - 41.27 - - - -
SE 29.50 19.24 11.95 8 . 2 1 0.85 0.85

rrs — Hot significant.
s — Significant.
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cant during the second year. Treatment T^ recorded 
the highest number which was significantly superior to 
all the treatments except Tg.
4.4.2.2. Number of grains/panicle

The data on mean number of grains/panicle 
are presented in Table 47.

Tne data revealed that there vas no significant 
difference between treatments during boxn the years.

4.4.2.3. 1000 grain weight
The data on mean weight of 1000 grains are 

presented in Table 47.
The data revsalad that there was no significant 

difference between the different treatments d ring both 
the years.
4.4.3. Yield of r»£a after cowpea
4.4.3.1. Grain yield

The data on mean grain yield, are presented in 
Table 48, and Fag. 12.

The data revealec no significant influence 
on grain yield by the different treatments during both 
the years.
4.4.3.2. Straw yield

The data on mean straw yield are given in
Table 48.



Sable 48, Grain yield and straw yield of first crop of rice
after cowpea (kg/ha)

Grain yield Straw yield
Treatments I year 

1985-36
II year 
1986-87

I year 
1985-86

II year 
1986-87

E1 2738.3 1899.3 4417.4 3622.4

22 2666.0 1763.8 4436.5 3008.1

•T1x3 2731.5 1822.5 4561.9 2734.9
rn
Xli (2882.8 1607.9 4589.0 3230.6

% 3178.6 1510.8 4527.9 3748.9

26 27W.5 1560.5 4356.4 3398.8

S? 2828.6 1624.9 4561.9 3206.8

{p8 2616.3 1501.8 4261.5 3028.4

JJ test HS HS HS ;?s
SjS 382.52 182.66 667-92 614.42

Hot significant.
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Table 49. Nitrogen and potassium uptake by the first crop
of rice after coupes (kg/ha)

Nitrogen uptake Potassium uptake
Treatments j year II year I year II year

1985-86 1986-87 1985-86 1986-8?

®1 94.7
T2 84.8

*3 S9»5

% 94.5

*5 69.2

% 90.3

121.5

*6 91.3

* test HS
CD(0*05)
SE 18.88

73.4 1 0 5 .8 85.1

56.5 125.9 89.2

46.0 62.4 41.5

€1.5 117.4 78.1
46.6 72.4 5 0 .0

61.9 89.0 62.3

76.2 118.8 76.6

57.5 96.5 61.8

Ufa & £
19.15 24.47

10.91 8.93 11.41

NS - Sot Significant. 
S - Significant.



There was no significant difference betxsen 
the treatments with regard to straw yield during both 
the years.

4.4.4. Uptake of major nutrients by rice crop after cowpea
4.4.4.1. hitrogen uptake

The data on mean uptake oi nitrogen by rice crop 
at harvest are presented in Table 49.

The data revealed no significant difference 
between the treatments during both the years. However 
T7  recorded the highest uptake in both the years, though 
not significant,

4.4.4.2. Phosphorus uptake
The observations on phosphorus uptake v/ere 

recorded at 30 BAT, at flowering and at harvest. The 
data on mean phosphorus uptcke are presented in Table 50 
and Pig. 1 3 *

The phosphorus uptake by rice revealed no 
significant dijferenca between treatments in any of che 
growth stages of the plant during both the years. However 
at 30 DAT. T,j, ana at flowering ax>d at harvest Ty recorded 
the highest values during both the years.

4.4 .4.3 . Potassium uptake
The data on mean potassium uptake at harvest 

are recorded in Table 49.
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Sable 50» Bbospborus utite&e by tfle farvt crop of rice 
afcer eoifpea (kg/ha)

30 B A S riowering, Harvest
Iceatnents I year 1985-86 II year -1986-8? I year II year -1985-86 1986-8? I year II year 

1985-86 1986-67

jnJL-j 4.9 4.4 1?.1 13.9 27. S 21.3
5*2 4.6 3.6 18.? 12.? 28.8 19.6

% 4.2 3.2 18.2 11.7 20.5 13.6

% 3.9 3."! 16.5 13.1 28.1 18.3
tu"r> 3.3 3.0 14.? 11.6 25.9 1?.2

% 3.6 3.0 17.5 11.9 £4,0 16.6

-7 3.® 3.3 30.3 14.3 S3.15- 21.8
<r>8 4.6 3.5 17.3 -11.3 23.7 15.1

 ̂teob Ha Ho H& Ifc Hb
SE 0.88 0.88 2.67 2.11 5.24 2.49

ITS Hot slgtiaficaisfc.



30 DAS Flower I g Hu vest 30 DAS t lowe g Harvt A  j

I year (1985-86) II year (1986-87) '
FIG. 13 PHOSPHORUS UPTAKE BY FIRST CROP OF RICE
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The data revealed significant cifferenee 
b e t w e e n  treatments during both the years. Tg recorded 
the highest value, which was on par with T^ and T^ in 
the first year and with T<j, T^ and Ty in the second year, 
but significantly superior to all the other treatments.

4.4.5. Soil nutrient status after the first crop of 
rice raised after cowpea

4.4.5.1. available nitrogen
The data on mean available nitrogen content 

of the soil are presented in Table 51. The data on 
available nitrogen concent of the soil revealed significant 
difference between the treatments during both the years.
The treatment T^ recorded the highest value which was 
significantly superior to all the other treatments.
4.4.5.2. Available phosphorus

The data on mean available phosphorus content of
the soil are presented In Table 51.

The data revealed significant difference between
treatments during both the years. In the first year Tg
recorded the highest available P content of soil which
was significantly superior to all the otner treatments.

In the second year T-j recorded the highest value,
which was on par with Tg and T^ but was significantly 
superior to all the other treatments.



Sabi* 51• Available Nitrogen, available potassium, available phosphorus, total phosphorus 
and P fixing capacity of the soil after the first crop of rice raised after 
cotfpea (kg/ha)

Available nittngen Available paia- Available phos- Total phoe- P fixing 
Treat- osium phorue phorus capacity
meats X year II year I year II year I year II year I year II year I year1985-86 1986-87 1985-86 1986-37 1935-86 1986-87 1985-86 1986-87 1985-86

T1 419.0
456.5

*5 347.7
*4 449.9
*5 522.7
26 355.0
*7 439.0
T8 483.3

415.7 250.0
452.3 186.7
344.7 306.7
447.0 186.7
520.7 123.3
352.3 120.0
432,3 143.3
480.0 136.7

196.7 43.5
176.7 52.1
253.3 40.6
163.3 48.6
120.0 41.4
110.0 36.2
139.9 42.2
133.3 38.9

50.3 8O3.3
48.0 765.0
44.3 771.7
47.6 760.0
38.8 711*7
41.7 696.7
39.3 673.3
34.5 650.0

868.5 155.9
748.2 154.3
854.4 161.2
718.4 148.3
739.9 158.2
681.7 155.8
649.0 160.4
637.4 157.6

* test S S S S S O S s a
C»(0.Q5) 2.09 2.56 13.98 33.34 0.69 3.63 13.09 61.61 0.35
SE 0.98 1.19 6.52 15.54 0.33 1.69 6.10 28.72 0.16

Significant.
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4.4.5.3. Total phosphorus
Ihe data on mean total phosphorus content of 

the soil are presentea in Table 51.
The data revealed significant difference between 

treatments during both the years. In the first year 
recorded the highest total phosphorus which was 

significantly superior to all the other treat ients 
followed by whicn was on par with Ig and T^.

In the second year also 1'̂ recorded the highest 
value which was on par with followed by Tg-

4.^.5.!. Phosphorus fixing capacity of the soil
The data on mean phosphorus fixing capacity 

of the soil are presented in Table 51»
The daca revealed significant difference 

between treatments.
The treatment recorued the highest value 

which was significantly superior to all the other treat­
ments, followed by Ty. Treatment recoraed the lowest 
value.

4.4.5.5. Available potassium
The data on mean available potassium content of 

the soil are presented in Table 51«
There was signnicant deference between 

treatments during both the years. recorded the highest
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value which was significantly superior to all the other 
treatments followed hy ,

4.4.6. Correlation studies
It was seen from the Table 52 that phosphorus 

uptake was positively and significantly correlated with 
the dry matter yield, nitrogen uptake and potassium 
uptake during both the years and also with available 
phosphorus content of the soil during the second year.

Dry matter yield was positively and significantly 
correlated with available phosphorus content of the soil, 
nitrogen uptake and potassium uptake during both the years.

Available phosphorus content of the soil was 
significantly and positively correlated with potassium 
uptake during botn the years.

Potassium uptake was significantly and positively 
correlated with nitrogen uptaxe during both the years.

G r a m  yield vas significantly and positively 
correlated with available phosphorus content of the soil 
during the second year.

4.4.7. Grwoth attributes oa rice after sesamum
4.4.7.1. Plant height

The observations on plant height were recorded 
at 50 DAT, at flowering and at harvest. The data on 
mean plant height are presented in Table 53.
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Table 52, Intercorrelation matrix involvin•> I’ae ffir..,ablec r-uptake (X^), dry matter yield 
( Xj,)» grain yield (X ̂ ), available ptioophorre content of the soil (S^),
Xi-Mptc.ke (Xg) and K-uprake (Xg) ~ first ca’op of rice after cowpea

Variables X 1 y2 X 5 X4 ?5 h

X 1 0.9281** 0.2351 0.2987 0,7700** 0.8076**

0,9499** 0.2252 0.4830* 0.5572** 0.8044**

x3 0.0721 0.2099 -0.0767 -0.1258 -0.1624

X4 0.44*5* 0.5161* 0.6670** -0.0877 0.5970**

X5 0.7977*' 0.6512** -0.0159 0.1759 0.7170**

XG 0.8410> * 0.8329k* 0.2154 Q.53B3** 0.6949**

Figurco in the nppei t-nd lower, diagonals are respectively the cor elations for 
First (1985-86) and Second (1986-87) years,
* Significant at 5,1 probability level.

* * Significant at 1^ probability level,
1-*
>P>-i



Sable 53* Height of plant- of first crop of rico after
scsamum (cm.)

30 DAS Flowering HarvestTreat­
ments I year II year I year II year I year II year

1985-86 1986-8? 1985-85 1986-8? 1985-86 1956-87

rpx-l 38.3 36.0 70.1 64.7 73.2 68.4
«*p 38.5 33.7 70.8 61.3 71.0 64.5

*3 37.7 36.4 66.3 65*4 71.5 63.3

24 41.8 34*8 72.6 62.4 72.3 66.1

“5 39.8 35.2 68.1 63.1 72.5 66.8

\ 40.4 36.0 69.4 64.6 73.6 68.4

h 41.2 33.5 72.1 61.3 76.3 63.8

28 40.8 33.5 7 2 . 8 60.1 73.7 63.8

IP test HB BS H£ 17̂  HS Bb

SB 2.90- 1.25 3-35 2.10 2.88 2.34

BS - Bot significant.
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The data on plant height revealed that there 
i as no significant difference between treatments ac any 
of the grsswth stages during both the years.

4.4.7.2. rubber oi tillers per hill
The observations on tiller number were recorded 

at 30 I-ATr at flowering and at harvest. The data on mean 
tiller number are presented in Table 34.

It vas seen that there was no significant diiference 
in tiller number between treatments any of tne growth 
stages curing both the years.

4.4.7.3. Leaf area index (LAI)
Tae observations on La I were recorded at 

30 DA" and at flowering. Tpe data on mean LAI are presented 
in Table 35.

Fron rhe ’ata on LAI it could be seen that 
there was no significant difference cot’ een the cream ents 
at 30 DAT during the first year, but the difference was 
significant during the seconc. year. Tg recorded the 
highest LAi which was on par i/ith but was significantly 
superior to all the other treatments. In the first year 
also Tg recorded the highest value ewenthough not significant.

At flowering stage, there was no significant 
diiference between the treatments m  the first year, 
but the treatment effects were significant durin̂ . the second
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Table 54* Humber of tillers per hill of first, crop of rice after resamtua

Treatmenta
DAT

X yeer 11 year 
1985-86 1986-87

I year 
1985-86

Flowering
II year 
1986-87

Total 
I year 
1985-86

Harvest
tillere Productive tillers 
II year I year II year 
1986-87 1985-06 1986-87

7.0 5.5 8.4 6.5 5.7 5.0 5.7 5.0

*2 5.8 5.9 7.8 6.8 5.4 4.4 5.4 4.1

*5 6.0 5.9 6.4 6.6 5.3 4.4 4.4 4.4

24 6.1 6.1 7.4 7.5 5.1 5.0 4.6 4.1

*5 5.5 5.5 6.6 6.4 4.7 4.5 4.6 4.4

*6 6.1 5.G 8.1 6.6 4.8 4 .6 4.7 4.3

27 7.1 5.5 6.9 6 .3 5.3 4.6 5.5 4.6

*8 6.8 5.9 7.9 6.5 5.4 4 .3 6.3 3.9

^ tost H3 ITS £8 JTS ' ES H3 £0 US

SB 0.94 0.51 0.63 0.31 0.69 0.29 0.60 0.29

Hb 1 « O cf significant. i—»
tn
o



Table 55* Leaf area index (LAI) of first crop or rice
after sesanum

30 DAT Elorering
Ireetmenes I year 

1985-86
II year 
1986-87

I year 
1985-86

II yorr 
1986-87

* 1 1.7 1=7 2.4 2 .£.

* 2 1.3 1 . 2 2.4 2.3

23 C .8 8 0 .8 8 1 . 6 1 . 6

*4 C.64 0.60 2 . 1 2 . 1

r,i
5 1.3 1 . 1 2.3 2 . 2

rp
6 1.9 1.9 2.5 a.4

7 0.83 0.80 1 . 6 1 . 6

n-s 1 .^ 1.3 1 . 0 1 .S

T? . tesc US S H > B

CD(0 .0 5) - 0.54 ~ 0.50
ss 0.54 0.25 0.53 0.24

I'jC Ilot significant.
s Significant.



year. Tg and recorded the highest vclue, which were 
on par with Tg, and but significantly superior to 
the other treatments. Hventhough not significant tue sane 
trend was observed in the first year.

4.4.7.4. Dry matter production
The observations on dry matter production were 

recorded at 30 OAT, at ilowering and at harvest, ihe data 
on mean dry matter production are presented in Table to.

The data on dry matter production at 30 EAT 
revealed no significant difference between the treatments 
in the first year. However the differences was significant 
iii the second year with T^ recording the highest value and 
vas significantly superior to all the ocher treatments.
In the lirst year, though not significant, T^ recorded 
the highest dry matter production.

At flov^erirg stage, there was no significant 
difference between the treatments in the first year, but 
significant oifferenee was observed in the second year.
The treatment T<| recorded the highest dry matter production 
which was significantly superior to all tue other treatments.

At harvest stage also the dry matter production 
was not significant In the first year. In tee second year 
T.j recordea the highest value, vhich was significantly 
superior to all the other treatments. Ihougn not sigtifit ant



Table 56. Dry matter production of first crop of rice
after sesamum (kg/ha)

30 DAT Plofaermg Harvest
Treat­
ments I year II year I year II year I year II year

1985-86 1980=87 1985-86 19S6-S7 1985-86 1986-87

T1 2055.7 1965.0 6112.3 58^2.7 102&-7.7 8154.1

t2 1277.7 1047.4 5333.3 4372.0 9436.7 7168.6

*3 722.3 480.4 5611.0 3731.7 7936.7 4993.8

/L 1111.0 666.3 6111.3 3665.5 7560.0 4471,0
TJ .J - 1M4.7 1148.S 6333.3 5036.0 913^.3 6629.2

T,-o 2000.0 1583.9 4277.7 3387.8 ?5a9*0 5247.1
Ty 1000.0 691.1 5555.7 3839.3 9229.0 6027.2
T>8 1611.0 1018.2 4111,0 2597.9 8030.0 4946.1

iJ& S 2Tb b Kb

229.50 ~ 795.66 - 955.83
617.65 106.9? 1063.07 370.00 1004,76 445,61

Not significant,
Oignifieant,

1 test 
033(0.05)

BE -



the treatment recorded the highest dry matter production 
in the iirst year.

4.4.8. Yield attributes of rice after sesamum
4.4.8.1. Numoer oi panicle/sq.m.

The oata on mean number of panicle/sq.m. are 
presented in Table 57.

The data revealed no significant diiference 
between the treatments tne first year, but the treatment 
effects were sjgnificant m  the second year. The treatment 
T^ recorded the highest value which was on par with Ty, 
and T^ but was significantly superior to the others.
Though not significant, tho higncst number of panicle 
was observed in T-j followed by Ty in tne first year.

4.4.8.2. Number of grams/panicle
The data on mean number of grains/panicle are 

presented In Table 57.
Tnere was no sigrificaut difference between the 

treatments on the number cf grains during boch the years.
^.4.8.3. 1000 grain weight

The data on moan wait.nl of 1000 grains are 
presented xa Table 5<7.

Tne data revealed no significant difference between 
treatments during both the years.
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Sable 57. Held attributes oi' first crop of rice after 
sesanum

Humber of panicle/ Humber of grains/ 1000 grain Ereat- sq. m. panicle weight (g)meats
I year II year I year IX year X year II ye<
1965-86 1986-87 1985-86 1986-8? 1985-86 1986-t

$1 377.8 353-3 63.6 35.9 24.9 24.5

*2 , 361.1 274.4 50.3 33.9 24.0 24.4

% 294*5 292.2 38.1 25.6 2 5 .8 25.4

% 305.6 274.4 49.7 28.8 25.1 24.7

5 305.6 292.2 56.8 34.4 25.7 25.3

% 311.1 283.3 49.1 38.4 24.8 24.4

366.7 307.8 53.0 31.4 25.2 24.8

% 355.6 25S . 9 43.9 27.9 2 5 .1 24.7

® test IIS 3 IIS 113 •IjS NS

OB(0.05) 41.85 - - - -
SE 39.77 19.51 11.99 6 .5 4 0.58 0.58

£?S - Hot significant.
B - .significant.



$al?le 5®. Grain and straw yield of first crop of rice
after e g s o h u e  (kg/ha)

Grain yrc-ld Straw- yield
Sreatmenta I year 

1935-CS
12 year 1986-8/ I year 

1985-86
II year 
1986-87

21 3149.5 1793.1 *■505.4 *306.7

*2 2801.5 1883.5 4779.8 3337.9

23 3191.0 1 5 9 2 . 1 4261.5 2834.2

3008.1 1741.2 4503.2 3020.5

s 2843.9 1889.1 4200.5 3340.1

% 5108.6 1735.7 4377.2 3366.6
rni? 3023.9 1795.4 *•722.2 3363.3

0O 2773.3 1675.7 4071.S 2701.0

i! test ITS NS NS £>

01(0.05) - - - 617.52

SL' 296.01 210.36 325.68 287.89

IIS - ITot significanc.
S - Significant.



1,) o

4.4.9. Yield of rice afc°r sesanum 
4.4 .9.1. Grain yield

The data en aeen grain yield are presented in 
Table 5S and Fig. 14.

The o&ta revealed no significant difference 
between Jie treatments on grain yield erring note the 
years.
4.4.9.2. St caw yield

The 'aca on nean biraw ^ield are prose .ecd in
Table 50,

From fie data it could be seen that though 
there was no significant difference between the treatments 
in the first year, there occ srsd significant difference 
in the second year. The treatment 5tj recorded the highest 
straw yield which was significantly superior to all the 
other treatments.
4.4.10. Uptake of major nutrients by rice after sesarauro 
4.4.10.1,1 itrogen uptake

The data on mean uptake of nitrogen at harvest 
are presented in Table 59.

The nitroten uptake revealed significant difference 
between the treatmei ts during both the years, the treatment 
Tg recording the highest nitrogen uptake during both the 
years \hich vas significantly superior to all the other 
treatments.
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Sable 59. Nitrogen and potassiu-a uptake by the firer crop
of rice after sesomun (kg/ha)

Nitrogen uptake Eotaosium uptake
Sreatmerrcs I year -1985-86

11 year 
1986-87

1 year 
1985-86

II year 
1986-87

21 88.6 70.5 132.1 105.4

22 127.4 96.6 122.2 93.1

T5 85.7 54-.2 101.0 63.8

% 66.-1 39.0 74-. 3 44.3

S5 71.7 52.0 96.2 69.8

% 65.9 46.3 102.6 71.6

2? 86.8 5S.4- 90.4 59.9
■?8 90.0 54-.G 92.4- 57*4

r rest; 3 S S o

CB(0.05) 30.43 16.00 16.05 14.02
GE -14-.-19 7.4-6 7.48 6.54

Srgnificant.



4.4*10.2. Phosphorus uptane
The observations on phosphorus uptake were 

recorded at 50 DAT, at flowering and at harvest. The 
data on mean phosphorus uptake are presented in Table 60 
and fig. 15.

The phosphorus uptake by rice revealed that 
at 30 DAT there was significant difference between the 
treatments during both the years. In the first year 
treatment Tg recorded the highest uptake which was on par 
with T.j but was significantly superior to all the other 
treatments. In the second year recorded the highest 
value which was also significantly superior to all the 
other treatments.

At flowering stage there was no significant 
difference between the treatments in the first year, 
but significant difference was observed in the second year. 
Treatment T^ recorded the highest value which was on par 
with T^ and Ty but significantly superior to all the other 
treatments. At harvest stage also there was no significance 
in the first year, but significance was observed in the 
second year. The treatment T2 gave the highest value 
which was on par with T-j, and Ty but was significantly 
superior to all the other treatments.
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Sable 60* Ehosphoius uptake by the fix’st crop of rice 
after sesanum (kg/ha)

Srcat-
30 BAS Flowering Harvesit

fflents 1 year 
1985-86

II year 
19S&-S7

I year 
1905-86

II year 
1906-07

I year 
1985-06

II year
- /- o r ?  I ^/OC'— w  /

S1 7.9 7.5 18.1 17.2 28.7 22,8

*2 5.2 4-. 5 14-. 6 11.9 30.4 23.0

T3 2.9 1.9 18.3 12.4 24.8 15.6

24 3.7 2.2 20.3 12.2 22.6 13.4

2.9 3.1 10.4 14.5 25.9 18.8

% 9.3 6.0 13.6 10.8 23.0 15.9
m
*7 3.7 2.5 19.5 14.2 31.6 21.3

% 4.7 2.9 12.9 8,3 21.7 13.1

^ test B S ITS b ITS S

CD<0.05) 3.4-6 1.27 - 3.70 - 4.89
BE 1.61 0 . 5 9 3.1S 1.73 5.56 2.28

ITS - Hob csignificant;*
S - £,2.gnifieeat.



I year (1985-86) II  year (1986-87)
FIG 1S PHOSPHORUS TTPT’ATf F* HY li’TRS'T PROP OF RTPP



4.4.10.3* Potassium uptake
Ihe data on mean potassium uptake at harvest 

are presented in Table 59.
The data revealed significant difference 

between the treatments during both the years. The treatment 
T.) recorded tho highest value of potassium uptake which 
was 0 0 par with T2 but significantly superior to all 
the other treatments.
4,4.11. Soil nutrient status after the first crop of 

rice raised after sesamum
4.4.11.1. Available nitrogen

She data on mean available nitrogen consent of 
the soil are presented in Table b1.

it was saen from the data that there was significant 
difference in availaole nitrogen content of soil with 
different treatments. During both the years recorded 
the highest available nitrogen contend wh_ch was significantly 
superior to all the other treatments.
4.4.11.1, available phosphorus

The data on available phosphorus content of the 
soil are presented In Table 61.

There was significant Difference in available 
phosphorus content of the soil with different treatments 
during both tne years. The treatment $2 recorded the highest 
value of 46,8 kg/pa in the first year and 46.6 kg/ha in the



Table 61, Available nitrogen, Available potassium, Available phosphorus, Total 
phosphorus and phosphorus fixing capacity of soil after the first 
crop of rice raised after sesanjum (kg/ha)

Treat­
ments

Available Witro- 
. ...ren

Availabc Pota­ssium Available Phos­
phorus

Total Phos- P fixing nhorns caracitv
I Year 
1985-86

XI Year 
86-87

1 Year 85-86
11 Year 
86-87

I Year 
85-86

II Year 
86-87

1 Year 85-86 IIYaar
86-87

I Year 
85- 86

T1 419.0 415.7 103.3 96.7 41.2 43.9 811.7 847.9 148.3
*2 456.3 452.3 136.7 1?3.3 46.8 46.6 761.7 810.4 159.7

3^7.7 344.7 106.7 96.7 33.7 41.9 758.3 783.6 157,6
T4 449.0 447.0 100.0 96.7 34.9 42.1 691.7 708.1 157.8
t5 522.7 5?0.7 123.2 1-0.0 37.6 38.7 690.0 751.6 151.9
T6 355.0 35j .3 193.3 180.0 42.2 36.6 650.0 673.4 159.6
t7 439.0 432.3 186.7 166.7 41.7 42.8 660.0 657.1 162.4
*8 48^.3 480.0 1P0.0 110.0 33.0 32.6 613.3 606,3 159.4

^ test S S S S S S S S S
fcl>(0.05) 2.09 2.56 11.70 12.68 1 .28 4.85 15.02 49.59 0.42
SE 0.97 1.19 5.46 5.91 0.60 2.20 7,00 23.12 0.20

S - Significant
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second year. In the first year Tg was significantly 
superior to all the other treatments while the second year,
Tg was on par with , T^, Tj and T^.

4.4.11.3. Total phosphorus
The data on mean total phosphorus content of 

the soil are presented in Table 61.
The data revealed significant difference between 

treatments during both the years. In the first year 
recorded the highest total phosphorus content oi 811.7 kg/ha 
which was significantly superior to all the other treatments. 
In the second year also T^ recorded tne nighest value 
which was on par with Tg but significantly superior to 
all the other treatments. TS recording the lowest value 
of total phosphorus curing both the years.
4.4.11.4. Phosphorus fixing capacity of the soil

The data on mean phosphorus fixing capacity 
of the soil are presented m  Table 61.

The data revealed significant difference between 
treatments. Treatment T^ recorded the highest value which 
was significantly superior to all the other treatments.
The lowest value was recorded by the treatment T^.
4.4.11.5. Available potassium

The data on mean available potassium content of 
the soil are presented in Table 61.
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Ihe available potassium content 03' the soil 
showed ijgni-ficanx difference between treaxnents daring 
both tne years* “Ihe treatment Tg recorder, the highest 
value in both the years unich was on par with Ty m  the 
firsx year, and was significantly superior to all the other 
treatments.

4.4.12. Correlation studies
The *Eable 62 revealed that phosphorus uptake 

was positive!* and significant-lv correlated with dry natter 
yielc, nitrogen uptake and potassium uptake during both 
the years ana also with available ohosphorus content of 
the soil curing the first year.

Dry matter yield was significantly and positively 
cotrelated with nitrogen uptake and potassium uptake during 
both the years ana also with available phosphorus content 
of the soil during the first year.

Available ohospnorus content of the soil was 
positively and significantly correlated with nitrogen 
uptake and poxassium uptake m  the xlrst year.

itrogen uptake uas positively and sigr'ificrn'tlv 
correlated wixh potassium uptake aunng both tne years.



y

Sable 62. Intercorrelation matrix Involving the variables 1-up bake (X^), dry matter
yieli (Xg), yl elu (X^), available phocpnorus content or the coil (X^),
h-apt/fnie (Xg) aua X-aptakt - first crop oi rice after seeeinum

G.y^lO** ~0,3?45 0.7205** C,0490** 0.5023*

X2 0.9123** - 0,0044 0,6154** 0.5003f 0.7C57**

X5 0.2606 0.2722 -O.HiO -0.2924 -0.05t.9

X4 0.2652 -0.0477 -0.lt/,7 0.59t,4** 0.C675**

% 0.7571** 0.7171** 0.5169*-* 0.2257 0.5C71**

x6 0.7918** 0.9076** 0.2547 -0.0251 0.7651**

figures in tnc upper end lo^er d ta&Q'aaxe tire reepe ctitoiy bhe corrclo ‘•Ions for 
Firfr b {1965-36} arw Oecom {1926-37) ycacfo.

• fa is n lf ic n ^ t  n t 5?= p rob a b tl .1 /  I jvp-1,

v * a t 1/' p r o b a b i l i t y  level.
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4.5. Balance sheet of available phosphorus

The data on the balance sheet of available 
phosphorus for the ric e-rice-coi-pea system for tijo years 
given in Table 65 revealed that skipping of phosphorus 
fertilizers continuously for six seasons (Tg) drastically 
reduced the soil available phosphorus to the excent of 
incurring a loss of 12.6 kg/ha. The highest build up of 
12 .8 kg/ha over the initial soil level uas in the treatment 
where phosphorus uas applied to all the three crops in 
the system (T^V, followed by the treatement (Tj) where 
phosphorus was applied to the first crop of rice end third 
crop of cowpea. There was not much change in the soil 
fertility due to tho treatment where phosphorus was applied 
only to the third crop of cowpea (T7 J and also where 
phosphorus was applied to the second crop of rice and 
third crop of cowpea (Tg>.

With regard to the rice-rico-sesamum system 
the data in Table 64, revealed that continuous skipping of 
phosphace fertilizer to all the three crops in the rotation 
reduced the soil available phosphorus drastically incurring 
a nee loss of 12.9 kg/ha. The highest build up a£ 9.6 kg/ha 
was in the treatnent (T-|) whero phosphorus was applied to 
all the three crops in the system followed by the treatment (T2 J 
i'here phosphorus was applied to the first end second crops of
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Table 63 ! Balance sheet for available phosphorus under rice-rice-cowpea system 
over two years (1934-85 and 1985-86)

Initial soil Quantity of Quantity Computed Actual Wet gain or
Treat­ level of av­ phosphorus of phosph­ balance balance loss over
ments ailable ptaos- added thro­ orus remov­ of availa­ of avai­ initial le­

phorus(kg/ha) ugh fertili­ ed by crops ble phos­ lable vel (kg/ha)
zers (kg/ha) (kg/ha) phorus phospho-

(kg/ha) rus(kg/ha)
T., 45.0 200.0 155.3 89.7 57.8 12.6
T2 45.0 140.0 145.5 39.8 45.9 0.9
T5 45.C 130.0 139.8 35.2 50.6 5.6

45.0 70.0 148.3 -33.3 41.3 -3.7
T5 45.C 130.0 149.0 26.0 45.8 0.8
T6 45.0 70.0 147.1 -32.1 42.4 -2.6
T7 45.0 60.0 164.9 -59.9 *5.1
T8 45.0 u.O 139.1 -94.1 32.4 -12.6

'J



Table 64 : Bala-ice sneet for available phosphorus under rice-rice-sesamutn
over two years (1984-85 and 1965-86)

Treat­
ments

Initial so­
il level of 
available phosphorus 
(kg/ha)

Quantity 
phosphorus 
added thro­
ugh ferti­
lisers 
(kg/ha)

Quantity of 
phosphorus 
removed by 
crops 
(kg/ha)

Cotnpu ted 
lance of 
ailable 
sphorus 
(kg/ha)

ba-
av-

pho-
Actual ba­
lance of 
available 
phosphorus 
(kg/ha)

rtet gain 
or loss 
over In­
itial le­
vel(kg/ha)

Ti 45.0 170.0 153.5 61.5 54.6 9.6

T2 45.0 140.0 135.4 49.6 53.2 8.2
T, 45.0 100.0 137.4 7.6 46.6 1.6

T4 45.0 70.0 137.6 ~?2.6 40.2 -4.8

*■? 45.0 100.0 148.8 -3.8 45.5 0.5

*6 45.0 70.0 142.4 -27,4 45.1 0.1
45.0 30.0 159.3 -84.3 44.2 -0.8

T8 45.0 0.0 139.8 -94.8 32,1 -12.9
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fable 66* Jiet return and benefit-cost ratio for tlia rico-riee-corRes 
(K-H-G) end rice-rice-sesaiaum (R-R-B) systems

front- net return (Its,.) Benefit-cost ratio
meats R-n-c R-ll-S Mean P-K-C B-&-B Mean

i'2
FA-A. —.

rrt
•̂ n

~5
m

t*ni,"?

J3‘

'TO, 7566*60 9180.26 8373.43 1.61 1.74 1,67
7419.06 88*1*56 Gil3.31 1.60 1,?1 1.66
6693-16 3498*90 7996.03 1,34 1,70 1.62
7458^90 8720,80 8089*88 1,62 1.72 ' 1.6?
8395.90 8462.36 8439,13 1.69 1-70 1

7105.30 8923,26 8014.28 1.59 1.74 1.66
10292.0013726,33 10509.1? 1.85 1*90 1.87

i2 5306,23 6937.10 6121.66 1.45 1.53 1*51

I-Iean 7529.64 8785.08 1,62 1,7?

(1,30) System - B ^ vSystera
Y?a / n !»» r . -■_\ ( .• —  w  ^ <'9 3VY% XiU-et/:.ic;m'o

(7,30) Bysteia x
2 .*2.'“6. -S- OlU'O J i O jtc; A (7,30) £yetc$ 3:

r.eestnent — £JS

( O  nr-; t V r . f S O - - ’ o s  r; n , _ : /• -> ,» a  ( . 9+   -- «J ,/ s '~r l-J j’ r, r.f-\ • y ^ V W . .  *•» W .e - /v «./ * ̂
r < T }  A T *  • * " r • r l f t p - V  # " * 7 '
o D 0V ? 9 ) ^ ( o . f 35)  f r e a t r c n t s  -  0 . 1 5
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iable 65. i’otcl p?aj.n yield 01 nret and second crop oi rice
after eo’ pea/scsassun aud cram equivalent (liilocrloneo) 
for rlee-rxce-00' pea (P-S-0) and rree—race—sasanun (1,-P-S; 
systems

loral proin yield of faxvfc Irer.t- 'ad cec-end crop of s j .ee  ( t / h a )
’rain ecluav"lent (Kiloc lorjec)taento Affc-r

coupca
After
seca2.ua dean it-li-O K-P-b flean

1 2 . 6 13.7 13.2 11752 13551 12652
T2 1 2 ,'I 12.9 12.5 1  475 12630 12054

-id.? 13.7 12.7 10823 132/us 12083
1 3 . 0 13.2 13.1 1 1 7 1 6 12929 12 3 2 2

*5 15.5 12.7 13.1 12479 12008 12644

£G i2.3 V  . 1 13.2 11/-7 9 13 2 6 6 12573

2 ?
1 2 . 8 13.1 13.0 12560- 1359? 13091

C1
£ 11.7 1 ,.G 1 - .8 10399 I 1 C0.7 11123

Hean 1 ’.5 13.2 11601 12984

1?<1,30) G y  sec, -  SIS r(S30)-,'/Sb°“ £ .

r C?,30) f fx^ a tn 'e M n , -  SS r (7,30) 2s■eatnent: ~ a

r C7,30) Gystcu x 
2 cavncnt -  7B t- r> ,, _ ^

— / f **> \ * c/  ̂ **
<>*■*> J frectaent- IT8.

CD (0.05) Gysvcm ~ 687.4

Lice-3’f-5 calorxen/dOOc. (Hav rice’ 
Coijpea-323 calorie,-/’00 p, 

calo’'_ô /10Ci g«
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She data revealed that there rao cigniiiesfct difference
in net return and. benefit-cost ratio betiyoor treatnonto red
•systen.';* But (Byotea ;>’ Treatment) interaction m e  not
significant,. significant increases in net return and benefit
cost ratio.- .t;ere obtained from ric e-ric s—cessLgj; i system coopered
to ricc-rico-cov/pac. sysfosu liken the riee-riee-see-r.nrur. system
had gitcD a net return, of li1o*S?85/- and benefit—cost ratio of
■1* 72, the ric e-ric e-c oi. pea system had given o m y  a net return.
of Sr,..?5£9/- and benefit-cost ratio of 1*62* b-'ceroienir net
return uan obtained from in both tho svctaies eliicfc m s
sigjii:" icaatly c-upe:. ior to all the ether treatments o.ccept i\*
for the rice-rdce-seoamum system* hinilarly Sia::±izvu: Lebev'i**-
cost ratio vas also obtained from 5^ "ibLoh. ere -v.ifunifierntl̂

{

superior to all the other tron.tesnts in both tho systoles.



Sabi* 67. Economics of phosphorus nanageacmt for rioe-riee-eowpea (R-K-C) and 
rice-rico-Bssaaum (Xt-R-S) systems

$*eat-menbE.
Cost of culti- Cost oi culti­vation for vation for first crop s scorn crop 
of rics of rice
Ro. Rs.

Oost of culti­
vation for thud ci op of c o wp ea /o eeamum 

Rs.

lotal cost 
of culti­vation

Rs.

Total gross fotal 
return Ret return
Rs. Rs.

Benefitcostratio
Rs.

*1 50 0 0 .0 0 5000.00 2400.00 12400.00 19966.60 7566.60 1.61
2 5000.00 5000.00 2223.00 12223.00 19642.06 7419.06 1.60

h 5000.00 4793.50 2400.00 12193.50 18886.66 6693.16 1.54
n *4 5000.00 4793.50 2 2 2 3 .0 0 12016.50 19475.40 7458.90 1.62

l"° *5 4793.50 5000.00 2400.00 12193-50 20589.40 8395.90 1.69
*6 4793.50 5000.00 2223.00 12016.50 19121.80 7105.30 1.59
2? 4795.50 4793.50 2400.00 11987.00 22279.00 10292.00 1.85
2a 4793.50 4793.50 2 2 2 3 .0 0 11810.00 17116.23 5306.23 1.45

*1 5000.00 5000.00 2356.00 12356.00 21536.00 9180.26 1.74
*2 5000.00 5000.00 2267.50 12267.50 21079.06 8811.56 1.71
*3 50 00.00 4793.50 2356.00 12149.50 20648.40 8498.90 1.70
*4 50 0 0 .0 0 4793.50 2267.50 12061.00 20791.86 8720.86 1.72

US T5 4793.50 5000.00 2356.00 12149.50 20631.86 8482.36 1.70
H 4793.50 5000.00 2267.50 12061.00 20984.26 8923.26 1.74
*7 4793.50 4793.50 2356.00 11943.00 22669.33 10726.33 1.90
*e 4793.50 4793.50 2267.50 11854.50 18791.60 6937.10 1.58

price of paddy grain-Rs.2/Kg. Coot Oi eowpea grain Eg.7/Kg. Cost of 1 Kg. H - Rs.5.10
tJrlce of paddy straw-Rs.O.80/Kg. Cost of aesanuin Rs. 10/Kg. Cost of 1 Kg. f20c- to* 5.90Cost of i Kg.KgO - Ss.2,15



5. BlL.CUbaXOiff

T h e  present investigation is an attempt to 
standardise an appropriate phosphorus management practice 
in a rice based cropping system involving rdoe^rieo-cowpea/ 
seseciii, iiie results obtained from the study are discussed
hero uadcx'a

5,1* Direct effect of ohosohoruo on the first crow of rice

Growth attributes

T h e  results revealed that phosphorus hs.fi no 
significant influence on plant height at an7/ of tho growth 
stages* Since phosphorus is involved oops on the ;?opx-ocluct 
development of the plant, it is guxte naterai that the 
vegetative development of tho plant was n o t  affected by 
tho application phosphorus* T h is in in agreement with 
tho results of Ealyanilnitty and Morse hen. (1974*) end 
Bharadwo^ et aX* (19? l>)«

Phosphorus application did not have any signiflean 
influence on tiller number at 50 DIP, flowering and at 
harvest*. She loci" of sianificauce nay be due to t h e fact



DISCUSSION



17*2

the Doil uas low (iDavi&e,. i960; Sorman and Alien, i'9?0; 
Alexander et suU 19?3)# Hero the available phosphorus 
status of the soil ■- cf 59. .X. 2? k :ady medium at the beginning 
of tho experiment which could have been further 
increased by submergence* Shis say be one oi the reasons 
for not getting significant influence on dry ? anther 
production®

3.It2* Yield attributes

Hie resit].to revealed that phosphorus 
application had no significant in&Xueneo on the number 
of panicle/mc"* fihe laci: of significance nay bo 
due to tho fact that on submergence the availability 
of native phosphorus increased, thereby, shooing no 
response to phosphorus applies! on in increasing 
the panicle number.

Alexander eh al. (i97:>3 found that ax>plic?tion 
od phcsphcrae dud not hove any positive effect on the 
percentage of productive tillers and thus the number 
o 1 ? 'i an icle s«,



She number of grains/panicle significantly increased 
due to phosphorus application* Higher availability of 
phosphorus from the soluble source like super phosphate and 
better phosphorus uptake relayed a vital role in improving 
the dry matter production at the later stage and ultimately 
would have resulted in better grain filling* It has been 
well established that phosphorus haizca. very important, role 
is grain filling*, Similar result was obtained by Siggh and 
Varna (19?'T) who reported ah increase in the number of grains 
per panicle with higher rates' of phosphorus application*

Sphere was significant difference in 1000 grain 
weight as revealed from the data. She application of 
phosphorus resulted in a higher thousand grain weight as 
compared to control (no phosphorus).» Better filling and 
bolder grains due to increased phosphorus absorption from 
the readily available source of superphosphate might have 
influenced the test weight of grains* Similar results wore 
reported by Ihandapani and Kao (1976) * Ohowdhury et a.l*
(19$8) reported that thousand grain weight inereasddt.v/ith 
increasing phosphorus application*

5*1*3. Yield

She results revealed that phosphorus application 
did not show any significant influence on grain yield*



1'his is in agreement with the findings by Ealam et al. (1966) 
and Sood et al. (1969). Ra^endran et al. (1971) reported 
that there was lack of significant response in soils with 
medium to high available phosphorus status. Ihe lack of 
response to applied phosphate can be explained by the findings 
cf Bavide (i960) and Kalam et al. (1966) who reported t̂ iat 
unless a soil is deficient in phosphate, yield response to 
its addition in field experiments would not be detected.
•Thus the lack of response in grain yield can be attributed 
to the relatively increased status of available phosphorus 
in the soil compared to the phosphorus reQuirement of the 
crop. Increased availability of phosphorus during subj* 
mergence reported by fatta end Batta (1963), Mosi et al.
(1973) and Gupta and. Singh (1977) could be another possible 
reasonofor the lack of response to added phosphorus.

Ihe result on straw yield revealed lack of influence 
of phosphorus on this character.: Ihe number of tillers and
the height of plants are the two contributing factors which 
determine the yield of straw and since these factors are 
unaffected by the treatments as discussed earlier,, it is 
quite reasonable to expect same trend with respect to straw 
yield also.* Lack of response to -straw yield was reported by 
Loganathan and Ra£j (1971)5 Sasi&har and Sadanandan (1971), 
Alexander et al. (1973) and Suseelan et al. (1977)*



She number of grams/panicle significantly increased 
due to phosphorus application. Higher availability of 
phosphorus from the soluble source like super phosphate and 
better phosphorus uptake played a vital role in inproving 
the dry matter production at the later stage and ultimately 
vculd have resulted in better grain filling. It has been 
ueli established that phosphorus hast a very important role 
in grain filling. Similar result ues obtained by Siggh and 
Varna (1971) uho reported m  ineiea_e in the nuatoj. o? grams 
per panicle vith higher rate of ;'msphonus application,

I’here t<as significant difference m  1000 grain 
•/eight as revealed from the data. 2ne application of 
phosphorus resulted on a higher thousand gram weight as 
compared to control (no phor,phoru/), better filling and 
bolder grams due to increased phosphorus absorption fron 
the readily available source of superphosphate might have 
influenced the test % eight of grains. Similar results %/ere 
reported by fhandapani and lao (1976). Gbou&hury et el.
(19(?8) reported that thousand grain weight increased with 
increasing phosphorus application.

5.1.3. Yield

ihe results revealed that phosphorus application 
did not show any significant influence on grain yield.



Ihis is in agreement with the findings by Ealsjr et al. (1966) 
and Sood et al. (1969). Rajendran et al. (1971) reported 
that 'chore ’was lack of significant response in soils with 
medium to hign available phosphorus status. Ihe lack of 
response to applied phosphate can be explained by the findingr 
of Bavide ('i960) and Kalaa et al. (1966) who reported ttjiat 
unless a soil is deficient in phosphate, yield response to 
its addition m  field experiments would not bo detected.
Ihus the lack oi response m  grain yield can be attributed 
to the relatively increased status of available phosphorus 
in the coil compared to tne phosphorus reguirement of the 
crop. Increased availability of phosphorus during subj* 
mergence reported by 'Datea end Batoa (1963), Hosi et al.
(1973) and Gupta and Singh (1977) could be another possible 
ressonofor vhe lack of response to added phosphorus.

Ihe result on straw yield revealed lack of influence 
of phosphorus on this character. She nunber of tillers and 
the height of plants arc the two contributing factors which 
determine the yield of strat and since these factors ere 
unaffected by the treatments as discussed earlier, it is 
quits reasonable to expect same trend with resweet to straw 
yield also. lack of response to straw yield \ as reported by 
Xiogenathan and Bad (1971">, Sasidhar and Sadanandan (1971), 
Alexander et al. (1973) and feuoeolan et al. (1977).
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nutrition in maintaining the soil fertility status *\_.

‘The phosphorus fixing capacity of the soil in terms 
of added phosphorus was higher in plots where no phosphorus 
was applied which indicate that control plots with no 
phosphorus have to fix more phosphorus in order to equilibrate 
the phosphate pool*

5*2. Effect of phosphorus on the second crop of rice 
(Direct, residual and cumulative effects)

5*2*1* Growth attributes

From the result it can be seen that neither direct* 
residual nor cumulative application of phosphorus had any 
significant influence on plant height during both the years 
except at pQ DA8 during the second year*. However, the 
residual effect of phosphorus produced tallest plants at all 
the growth stages.

Direct* residual and cumulative effect of phos­
phorus did not have any significant influence on tiller 
number at any of the growth stages during both the years, 
except at 30 DAT during the second year* At 50 DAT during 
the second year, cumulative effect of phosphorus gave the 
highest tiller number which was on par with direct effect, 
but significantly superior to all the other treatments*
As the requirement of phosphorus by the crop could not be
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met from the soil supply alone, the readily available source 
of phosphorus would have bees used for rooting,; growth and 
tiller production* Hair et al* (1972) and Bharadwa^ et al* 
(1974-) observed tfast tillering was markedly influenced by 
phosphorus application*

l!he LAI was not significantly influenced by the 
direct, residual and cumulative effect of phosphorus*
However, the increasing trend shown by the direct and 
cumulative effect of phosphorus may be due to the increase 
in tiller number in direct and cumulative ohosohorus treatment

'I‘he result on dry matter production at different 
growth stages revealed no significant effect by the direct, 
residual and cumulative application cf phosphorus. Phosphorus 
did not reveal any positive effect on the vegetative 
characters at any of the growth phases studied. I°lants 
could shoitf response to added 'phosphorus only when the 
available phosphorus status of the soil was low (Terman and 
Allen 1970) Alexander et al* (1973)

3*2.2* Yield attributes

She results revealed that the different treatments 
had no significant influence on the number of panicle/sq. m* 
Because of the relatively higher availability of native 
phosphorus on submergence the different treatments failed 
to show any significant difference between them*
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nutrition in EaiaGaining the soil fertility status.v

The phosphorus fixing capacity of the soil in terras 
of added phosphorus was higher in plots where no phosphorus 
uas applied 'which indicate than control plots with no 
phosphorus have to fix more phosphorus in order to equilibrate 
the phosphate pool.

5*2. Kffeot of phosphorus on the second crop of rice 
(Direct, residual and eumu2ati’Te effee tel

5.2.1. Growth attributes

I'r-OTi bho re,nit is can be seen that neitncr din-ci, 
residual nor cumulative applie-tion phorpnorut had any 
significant influence on plani height; durx__ Lofr lie ^axJ 
except as *0 M S  dining che second yc*"T,» Hovevor, the 
residual offset of phosphorus produce- tallest plant,s at all 
the growth sieges.

Direct, ri- sidual end cumulative effect, or pnos- 
phorus did not rase any sigai-icent inxluence on tiller 
nurber at any of the growth surges during bosh ohc years, 
except ab Zn BAi during the second yoe-i. aw hQ i)Afi’ during 
the Eceor'l yesr, curailaiive effect oi phosphorus gave the 
highest tiller nonbci* which was on par with direct effect, 
but significantly superior ,o all the other creecnoatc.
As vhe romilremcaf of phosphorus by tho crop could nou ie
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net from the soil supply alone, tho readily available source 
oi phosphorus would have bees used for rooting, growth and 
filler production, IJsir et si, (1972) and Bharadvaj et al.
(1974) obssivtl that tillering >55 markedly influenced by 
phosphorus application.

Ihe LAI was not significantly influenced by the 
direct, residual and cumulative effect of phosphorus.
However, the increasing trend shoim by tho direct and 
cumulative effect of phosphorus nay be duo to the increase 
m  tiller nunbei m  direct and cumulirive phosphorus treatment

i‘he result on dry matter production at different 
growth stag os revealed no significant effect by the direct, 
residual and cumulative application of phosphorus. Phosphorus 
did nor reveal any positive exfeet on the vegetative 
characters at any of the growth phases studied. Plants 
could shoe.' response to added phosphorus only when the 
availaole phosphorus status of the soil ,/as lo / (Terman and 
Allen 1970) Alexander et al, (1973)

5,2.2. Yie3d attributes

Hu, results revealed that the different treatments 
had no S 3 g n i i ie a n t  influence on th o  number of panicle/sq. m. 

Because of the relatively higher availability of native 
phosphorus on submergence the different treatments failed 
to show any significant difference between them.
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Ihe number of grains/panicle dad not differ 
significantly due to direct, residual and cumulative phos­
phorus applicacion during both the years. It may bo noted 
that at the rime of grain setting, the full requirement of 
phosphorus night have been satisfied by the native soil 
phosphorus (also enriched by the previous applications of 
phosphorus) solubilised under the reduced condition hich 
can be attributed to the 3ack of response to the direct, 
residual and cusnulacive ~hospho~es explication. Jhhattacharya 
and Chatvcr^oe ('1978) and Cuscelan ct el. (•‘'978) clso could 
not get any positive influence of phosphorus cn The number 
of grams/panicle*

She data on 1000 grain''/eight also recorded no 
significant difference between different tr-i tren fcs.
Several race workers have reported that thousand '■-'-in oaghx: 
i'as unaffected by phosphorus application (Ra6 et al.1 3 7't , 
Kalyanikutuy end florae ban , 1974- and Phatraehnryya and 
Chatter;] ec, 1978).

p.2.8- Yield

It uas sa-»n that the direct, residual and cumulative 
phosphorus application had no significant influence on the 
grain yield. Ihe data on the yield attribute 1 like number 
of panicle/so. a., number of gra in s/p an r c1e and thousand
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increase from maximum tillering to flowering and thereafter 
there oecured a rapid increase from flowering to harvest*
This is in agreement with the findings of Patnaik et al. (196.' 
Alexander et al* (197^) olso reported that there was a 
gradual increase in phosphorus uptake from maximum tillering 
to flowering and then a rapid increase from flowering to 
harvest.

Potassium uptake by the crop at harvest recorded 
significant difference between treatments* Direct., residual 
and cumulative phosphorus application had recorded signi­
ficantly higher potassium- uptake as compared to control plots 
Agarwal (1978} reported that Nitrogen, Dhospheras and 
Potassium increased the grain crude protein and Potassium 
content. The increase in the uptake of nitrogen, phosphorus 
and potassium was highest with'applied nitrogen}, followed 
by phosphorus and potassium* Singh and Prakash (1979) 
reported- that addition of phosphorus was benefitial for 
potassium uptake end a consistent increase in potassium 
uptake was observed upto 80 kg PgO^/hp* Agarwei (19S0) 
reported that increase in the potassium uptake was from 
55*5 to 129*9 kg/ha due to phosphorus application.

5.2.5* Soil nutrient status after- the second crop of rice 

flie available nitromea content of the soil was
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highest in the plots having residual phosphorus which was 
significantly superior to cumulative phosphorus, direct 
phosphorus and control* Ibis is in agreement with the 
finding of Gmana (1986) uho observed that residual 
phosphorus was suffidient to maintain the available
nitrogen status of the soil

Available phosphorus content cf the soil after 
the second crop was higher under cumulative phosphorus in 
the first year and continuous phosphorus application in 
the second year which was significantly superior to residual 
phosphorus, direct phosphorus and control* ihe next higher 
value uas recorded by residual phosphorus* Phosphorus 
application would have enriched the available pool in 
the soil as all the cuajstityysupplied through them uas not 
taken up by the crop* build up in available soil phosphorus 
under continuous application of superphosphate has been 
report,.! by j)eka and Singh (1984), bagger et al* (1986)•

lotal phosphorus content of the soil v;ee 
.significantly higher in cumulative phosphorus applied plots, 
folio..sci by residual piiocphoi-us. Phosphorus applied to
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increase from maximum tillering no flowering and thereafter 
there occured a rapid increase from flowering to harvest.
This is an agreement u±th the findings of Patnaik ot al. (1%' 
Alexander et al. (197^) also reported than there was a  

gradual increase xn phosphorus upneke from maximum tillering 
no flowering and then a rapid increase from flo’ ering to 
harvest.

Ponas„ium uptake cy nhe crop at harvecc recorded 
significant; difference ceoween nreatnents. Direct» residual
and cumulani'vc phospnoras appiicacici had. i-wCoj< d jignx-
ficanblj higher potassium uptake as corr^ied to control plots 
Acarual (1978) report* ad that Nitrogen, Phc-phcrus end 
Potassium increased the grain crude protein and Potassium 
contenn. The mcrpsoe m  the uptake of n.i fcrogen, phosphorus 
and yotassiun x as highert tit*1 applied nitrogen, folio* ed 
by phosphorus and potassium, foingh and Prakash (*1979) 
reported that aacxuxon of phosphorus v-as beneficial for 
ponas&iua uptake end a consistent; increase in potassium 
u w eke eas observed upno 80 kg PgO^/ha. £g*ar«el (1950) 
reported that increase ir> the ooteseiun uptake ee iron 
35*5 to 1 2 9 . 9  kg/he elite ro phosphorus arpl-caticn.

5*2*5* Soil nutrient status nicer the s.corf crop of rice

Hie avai-labJe nxurogen content of the soil uss
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supply could increase plant height in pulse crop like 
cowpee* Ehis is in. agreement with Kaien&ra Prasad (19S5) 
who reported that adequate phosphorus in the soil helped 
in the initial vigorous growth and improved plant height - 
in pulses*

‘Ihe results on number of leaves revealed no 
significant difference between treatment at 20 DAS during 
both the years* However, it could bo seen than cumulative 
treatment had given tho rorinun number oi leaves followed 
by direct Phosphorus and continuous Phosphorus in the first 
year where as in the second year continuous phosphorus gave 
the m&riciun number followed by direct Phosphorus*

At flowering stage direct application of phosphorus 
gave the highest number of leaves which was significantly 
superior to all the other treatments* Hie results cleoiely 
indicate the essentiality of phosphorus for cowpea crop, 
iarile. et al. (1977) observed that in cowpea increasing 
levels of phosphorus enhanced growth, flower, fruit number 
as well as leaf number,, Samuel lathaw and Koshy (1982) 
also observed increased leaf number with increase in the 
level of phosphorus.

She data on LAx revealeu that there was significant 
difference in LAI at 20 DAw due to cumulative ohosohorus
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which was on par with continuous phosphorus, and the con­
tinuous phosphorus vas on par- with direct phosphorus.
At flowering though the effect was not significant, direct 
application of phosphorus recorded the highest LAX. (Phis 
shows that the residual effect of phosphorus applied to 
the proceeding rice crop was not influencing the succeedin 
cowpeo crop* Eollin Bhashar (1979) observed that plant 
height and LAI of green gram was signifiesa tly increased 
by application of phosphorus*.

m o  r̂ ĵ ul ow v -■ ■.o-.. c eiiero was - -.i~r.i.Oc-:i.i w
difference between direct, residual and cumulative- phosphorus
wil>U ~ t -1 0 0 OX5 - J V d
d  X. r  c . ' l ? 01 i k J ' -■ iiOjX U  O g .^ .v x  '.j.i'ib J-iii'Lu;.--'. - i J - .  -./X — ; i.iC.ew.. - .j.

indicating the positive role of phosphorus on legumes*
Lands (ipyS) observed that in fuse Laisafehi nuns insrex sing 
tho phosphorus increased Mo number of branches. Samuel 
father cud K o s h y  ( 1 9 8 2 )  elso obcoxvoe higher number of 
branches with phosphorus application in coupon *,

She dry ratter production at 20 LAS r-ecordcd no 
significant difference between direct* residual and cumulative 
phosphorus application* In the eaxij sti rcc of growth 
the available ehorohorus content c:C Me coil v..ec ,sufficient



application of phosphorus gave the highest dry matter yield, 
indicating the importance of phosphorus on legumes*,

At flowering and harvest stage there was no signi­
ficant difference in dry matter production due to different 
treatments in the first year, hut significant difference 
observed in the second years* •which might he due to repeated 
crop removal by continuous cropping* In the second year 
direct phosphorus applied plots recorded the highest dry 
matter production* Since all the growth attributes likee 
plant height3 number of leaves per plants etc** were favoured 
by direct phosphorus it is quite natural t:hat the dry matter 
production also was increased by direct phosphorus* Vehugopal 
and I'iorachan. (1974-) in trials with gresa gram reported that 
H increased the dry matter production. Samuel Ilathew atid 
Koshy (1982) also observed increase 1is dry matter with 
increase in phosphorus application*
5*3*2*. Yield attributes of cowpea

Ihe results revealed that the yield attributes of 
cowpea was not significantly influenced by the treatments of 
direct, residual end cumulative phosphorus except length of 
pod during both the year, mean number of grains per pod in 
the second year and thousand grain weight in the first year. 
However, all these yield attributes,, recorded higher values
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by direst and cumulative application of phosphorus* 
Bubramanisn et al. (1977) found increased number of pods 
per plant and number of grains per pod in cowpea due to 
application of 25 3sg Ahlawat et al* (i'979) reported
that application of phosphorus had marked effect in 
increasing the yield attributes (No* of pods/plant* pod 
length and hundred grate weight) end grain yield in cowpea* 
9his is also in agreement with the ftedings of OGotlif&raiari 
a n d  E u n ^ u  (198^-),*

5*.%5» Yield of cowpea

Grain yield of cowpea revealed significant ddfferenc 
between treatments in the first year* ihe direct effect of 
phosphorus recorded the highest yield which was significantly 
superior to all the other treatments followed by continuous 
phosphorus application to all the crops in the rotation* 
Bventhoughrrfehe. effect was not significant in the second 
year., direct phosphorus gavo the highest grain yield*
7-enkateswariu and Bhaofcarn Pao (1979) bring out the point 
that if a legume (Gowpea) is taken pp as the first crop in. 
sequence* all the phosphates for tho system need to be. 
applied to eowpea v;hlle the nitrogen could be supplied to 
the planting cereal with reduced phosphate dose*

Haulm yield revealed no significance with direct, 
residual and cumulative phosphorus application. Since most



of the growth characters of cowpea were unaffected by the 
different phosphorus application., it is quite natural that 
the haulm yield was also not affected by the direct, residual 
end cumulative phosphorus application.

Uptake of ma^or nutrients by cowpea

It is seen that nitrogen uptake was highest in 
residual phosphorus treatments in the first year which was 
on par with continuous, direct and cumulative phosphorus 
hut significantly superior to control* In the sednud year 
although not significant, direct phosphorus gave the highest 
nitrogen uptake* I'his clearly indicates the positive 
influence of phosphorus on nitrogen uptake, Sahu. end 
Beher-a (1972) reported, that in cowpea, nitrogen content in 
shoot, root and grains increased, significantly by phosphorus 
manuring# Kolline Bhaskar <1979) observed that uptake of 
Hv P, & in green gram were higher with increased .levels of
phCvSphorilS.i, b: S', C. -

She different treatments failed to influence the 
phosphorus uptake at 20 M M  which say he due to the relative 
availability of phosphorus in the soil during, the early 
stages of crop growth, .Moreover, the dry matter production, 
in this stage also failed to show any response to the 
different treatments. Although not significant the direct
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increased the uptake of phosphorus* Singh aacl Ohanaa (19C 
reported that in chick pea higher doses of phosphorus were 
el'iective in increasing the uptake of phosphorus in plants 
at maturity* Phosphorus application resulted is root 
proliferations which might hare helped in better no delation 
mere nitrogen, fixation and better utilisation of phosphorus. 
It is seen that the uptake recorded a steady increase from 
PC iff to ho.rvesfj. except in the control plot.

ihe different treatment could not exert any 
influence over potassium uptake: as there uas no significant 
difference- to the direct, residual and cumulative phosphorus 
application, 5?his nay be due to the relative svaliability 
j>f phosphorus in the soil giving higher potassium uptake 
due to increased, dry matter production, fho uptake of 
•potassium while recording a gradual increase upto flowering, 
dropped to a lower level by harvest time possible duo to 
a return at a part of it.-: ii-plalve at flowering back to the 
spî . during ripening period, fliiu may be the reason for 
m e  non signnicsrco observed uy txie umox-ui’C tX'CGtiient
32.3 ( i -r ‘k 'jO. i j w -L vU„ i I'gci.iL.O eft; ilfcrc’ V 'J *r-l> ̂

5*3*5* toil nutrient status after the third crop of ccvpea

Ihe? data on tho avail cole nitrogen content of 
the soil revealed that the different ohosohoruc treatments



could hot osert any significant influence on this 
character- and the control plot recorded the highest value* 
I-his means that the available phosphorus content of tho 
control plots after the second crop of rice arc more than 
sufficient for the .cowpea crop for the rliisobial multi­
plication and thus nitrogen fixation, giving a higher 
available nitrogen status of the coil*

ihe available phosphorus content of the soil 
recorded significant difference during both the years,
In the first jeax's residual phosphorus recorded the highest 
value of available phosphorus in tho soil. It was seen 
that the residual'phosphorus recorded, a lower groin yield, 
probably duo to the- reduced uptake of phosphorus from 
the soil (fables 28 and 51) which right have resulted in 
tho higher value of available phosphorus ir the soil*
Grain yield was significantly end negatively correlated 
with available phosphorus content of the soil* In the 
second year, ccntiiiHmus phosphorus recorded the highest 
value of available phosphorus in the soil*: Ihe continuous
application of phosphorus fertiliser would, have increased 
the available phosphorus status in the soil* Eac- and 
Bhardva-j (1981) in studying the direct,, residual and 
cumulative effect cf phosphorus in wheat-pigaon pea 
rotation found that application of 18 kg to each crop
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maintained the initial xjhosphorus status, whereas 36 kg 
increscd coil phosphorus by 42$,

A significantly high value of total phosphorus 
uas obtained in continuous phosphorus treatment. By the 
continuous addition of phosphorus, the total phosphorus pool 
of the soil might have increased*

Ihe available potassium content of the soil 
recorded significantly higher* values by the residual 
phosphorus treatment during tho fir so year.*. But during 
the second year,, residual phosphorus treatment was on g>ar 
with cumulative phosphorus and. direct phosphorus! 2his 
means that increase in phosphorus content of the soil, could 
increase the potassium content of the soil also.

Th& phosphorus fixing capacity of the soil with 
respect to added phosphorus uas higher in the plot where 
phosphorus was supplied only to one crop in the sequence, 
followed by the treatment where phosphorus was applied to 
both tho first crop of rice and third crop of cov/pea* 
Biace cospea is a crop which can utilise P from insoluble 
compounds, and thus reducing the phosphorus saturation of 
the soil resulting in g r e a t e r  phosphorus fixation*.



5*3,*6,. Growth attributes of sesamum

There was significant difference in plant height 
at 30 DAS, due to direct, residual and cumulative phosphorus 
treatments. In the first year, direct application of 
phosphorus gave the maximum plant height which was on para? 
with continuous phosphorus, and cumulative phosphorus.
In the second year also, cumulative phosphorus recorded 
the highest value which was on par with continuous phos­
phorus and direct phosphorus treatments*

At 50 DAS, though the effect was notisignificant 
in the first year, maximum height was recended by the 
direct treatment. In the second year, residual phosphorus 
recorded the highest value but was on per with cumulative 
phosphorus and direct phosphorus. At harvest stage also, 
direct phosphorus recorded the tallest plants.

Thus it is seen that the direct application of - 
phosphorus was always helpful to increase the height of 
sesamum plant as compared to residual phosphorus end 
control plots, According to Sirry et al* (1979) increase 
in the rate of phosphorus application increased height 
of plants in sesamum*



-i. kj t_/  ̂ \

main t a n  rhe micial phosphorus statue, rhe^eas 56 kg
lacnsoi aoj-I p o r h o  ’’ > by i2v.

£ significantly ha qb value of total, phosphorus 
\/8& obtained in continuous phosphorus treatment. By the 
continuous audition of phosphorus, the total phosphorus pool 
of tho so-1 nrlit have Increased.
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Ike phosphorus 1 x a ; capacity cl tho soil ' ifch 
rooyect to eddea phosphoruo \ r  hifher m  t v  pl̂ fe ’ ^  re 
pho&uhorufa was supplied only to one crop m  the soquuice, 
followed by the treatment »here phosphorus applied uo 
both tho nrct crop of rice and thora crop of coupes*
Ijiee cospec is a crop winch can utilise iJ rron mso3uble 
compounds, ana thus reducing uhe phosphorus saturate on of 
tne sou. r * alt m y  an grsavor phosphorus -i-iiamon.
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5.3.6. Growth attributes oi sesamum

There was significant difference in plant height 
at 30 MS, due to direct, residual and cumulative phosphorus 
treatments. In the first year, direct application of 
phosphorus gave the maximur plant height which was on par 
with continuous phosphorus, and cumulative phosphorus.
In the second year also, cumulative phosphorus recorded 
the highest value which was on par with continuous phos­
phorus and direct phosphorus treatments.

At 50 DAB, though the effect was notisignificant 
in the first year, maximum height was rocended by the 
direct treatment. In the second year, residual phosphorus 
recorded the highest valuo bun was on per with cumulative 
phosphorus and direct phosphorus. At harvest stage also, 
direct phosphorus recorded the tallest plants.

Thus it is seen that the direct application of 
phosphorus was always helpful to increase the height of 
sesamun plant as con,; ared to residual phosphorus end 
control plots. According to Sirry et al. (1973) increase 
in the rate of phosphorus application increased height 
of plants in s^sanum.



The results revealed that at 30 DAS direct phos­
phorus application recorded significantly higher number of 
leaves in the first year, and cumulative phosphorus treat­
ment recorded the highest number of leaves in the second 
year although it was on par ith direct phosphorus. At 
50 DAS again, the direct phosphorus which was on par with 
cumulative phosphorus and residual phosphorus, recorded 
significantly higher number of leaves in the first year.
Even though the effect was not significant during the second 
year, the cumulative phosphorus followed by direct phosphorus 
recorded the highest number of leaves.

This again explains the importance of direct 
phosphorus application to the seamum crop. Raveendran Nair 
(1987) found that applied phosphorus could exert significant 
influence on number of leaves/plant at all stages of growth.

The LAI at 30 DAS ’..'as significantly higher under 
direct phosphorus treatment during the first year. During 
the second year aJ.so direct phosphorus treatment recorded 
the higher LAX values although not significant.

At 50 DAS, direct phosphorus which was on pax 
-with residual phosphorus and cumulative phosphorus, recorded 
significantly higher LAI in the first year. In the second



year cusaula'cive phosphorus followed by direct phosphorus 
recorded the highest LAI though the effect was not 
significant.

She above result again calls for vhe necessity 
of direct phosphorus application to sesamum crop. Girije 
Devi (1985) reported that there was significant influence 
of phosphorus on leaf area. According to Favccndron Hair 
('198?), phosphorus had significant influence on the LAI 
of sesamun crop at 40 DAS and 60 DAS.

She results revealed that direct application of 
phosphorus significantly increased the number of branches 
during bhth the years, Ihis is in agreement with the find­
ings of Rafanan et al. (1978) who indicated that the number 
of branches/plant in safflower increased uith increased 
levels of phosphorus. Ahmed et al.(1985) observed signi­
ficant response in number of branches ritn phosphorus in 
safflov/er. Raveendran Hair (198?) also observed that 
applied phosphorus and significant influence on branches.

She dry matter production of sesanum at 30 DAS 
was significantly influenced by the direct phosphorus 
treatment i hieh was on par with continuous phosphorus 
treatment to all the crons in the rotation, in the first 
year, but no significant difference was observed in



the second year. At 50 DAS, the treatment effect uas not 
significant in the first year hut during the second year, 
significant effect; was observed by the direct phosphorus 
treatment which was on par t ith cumulative phosphorus.
At harvest stage again, direct application of phosphorus 
recorded the highest BMP which was on par with cumulative 
phosphorus an the second year. Since all the growth 
attributes weie significantly influenced by the direct 
effect of phosphorus it is but natural that the dry natter 
production also was influenced by the direct applicate on 
of phosphorus. Daulay and Singh (1980) observed a linear 
increase in dry matter production with an increase in 
phosphorus level. Jalaludeenautty (1985) reported that 
phosphorus and potassium along with nitrogen had a positive 
effect on dry weight of plants. Raveendran Hair (1987) 
also observed that phosphorus had significant influence 
on total dry matter production at all stages of growth.

5.3.7* Yield attributes of sesanum

She number of podd per plant could not be 
influenced by any of the treatment during the first year, 
but in the second year direct effect of phosphorus recorded 
significantly higher number of pods per plant which uas 
on par '..ith cumulative effect of phosphorus. Even m



the first yeor* email" rivs effect followed by direct effect 
of phosphorus rvcordofi the highoct number of pods per plant. 
Xhio is la agreement with the findings of Kotaon et 81.(1976) 
who obeerreC that number of heads of cafflower onereesed 
with increased levels of phoephoruo.0 Girina Devi (1985) 
roportud that there was significant influence of phosphorus 
on weight of pod per plant,

5.3.8* Yield of seseaarua

Serd yield of sesanur' did not vary signiiiccntly 
duo to the different treatments. Pci and Erifaotsva (1968) 
conducted nutrient trials in sesaraen on red looa soil and 
found that there was not much response to phosphorus 
application with respect to seed yield, badanandcn and 
bacidhar (1978) reported that the effect of phosphorus was 
not cicnificsnt in increasing the sê c. yield of sosamua. 
Kaveon&ran Nair (19®7) also observed than ae^d yield v»na 
not influenced by the application of phosphorus,

Although the treatment effects could net bo 
significant the direct application of phosphorus recorded 
tha highest yield an tht. first year end cumulative phosphoruo 
in the second year, £ iagh ard Faurhal (1975) ctudier 
tho rOwCCBEe of misfed ooscraEJ to fertilise! levels and 
found that application of 5® bg PgQg/ha along with natxogcn 
inon-ercd yield fa on *731 kg to 617 3sc/ha* Haiti sfe al. (1981)



pointed out that seed yield of six seaamum cultivars was 
increased "by the application of phosphorus at the rate of 
40 kg/ha.

There was no significant difference with yield 
of h^irasa due to different treatments. However, in the 
second year direct effect of phosphorus gave the highest 
bhusa yield followed by cumulative phosphorus.Since all 
the growth attributes increased with direct phosphorus 
application it is but natural that the bhusa yield also 
increased, Eavoendran Hair (19S7) reported that application 
of phosphorus had significant effect on bhusa weight per plant, 
highest bhusa yield was obtained with 2 5 kg PgO^/ha beyond 
which there was no effeet.

5,3.9, Hutrient uptake by sesamum

The data on nitrogen uptake revealed significant 
difference between treatments during both the years. In 
the first year, cumulative phosphorus treatment recorded 
the highest nitrogen uptake which was on par with direct 
effect of phosphorus. In the second year, direct: phosphorus 
recorded the highest uptake which was on par with residual 
effects of P and cumulative phosphorus. Those results 
indicate clearly that phosphorus application can increase 
H uptake in sesamum Vir and Varraa (1979) conducted trials



on phosphorus content and their uptake in rainfod mustard 
and found that application of Pj,0̂  (3 30 kg/ha increased 
uptake of nitrogen, Raveendran Hair (1987) reported that 
the highest level of 'phosphorus ie. 35 kg/ha recorded 
the maximum uptake of nitrogen in sesaxrairi.

She data on phosphorus uptake by sesamum at 
30 DAB, 50 DAB and at harvest revealed that at all stages, 
direct effect of phosphorus recorded significanlty higher 
phosphorus uptake, Hamirea et al. (1975) reported that 
phosphorus uptake was highest when phosphorus was placed 
belou seed. Regression coefficient calculated for phos­
phorus uptake and dry weight was significant indicating the 
effect of phosphorus on the growth components. Girina Devi 
(1985) reported that phosphorus uptake was increased 
significantly e.ith applied phosphorus. Baveendren Hair 
(1987) also observed that the highest level of phosphorus 
ie. 35 kg R-Oj/ha recorded highest phosphorus uptake. It 
is seen that phosphorus uptake xvcorded a gradual increase 
fron 30 DAS to 50 DAS and thereafter occured a rapid 
increase upto harvest.

It is soen that the dircGt effect of phosphorus 
recorded the highest uptake of potnsciun at harvest in both 
the years. Itlnay be remembered on this connection that



the direct application of phosphorus could increase 
the majority of growth attributes including BMP resulting 
in an increased uptake of potassium, Raveendran Kair 
(1987) reported that the uptake of potassium t;as influenced 
by applied phosphorus,

5,3*10, Soil nutrient status after the third crop of
seSciiura.

The available nitrogen content of the soil 
recorded highest value in residual phosphorus treatment.
She data on nitrogen uptake (Sable 39*) end dry roatucr 
production revealed lessor values under residual phosphorus 
treatment and ■chic might: have resulted in high nitrogen 
status of soil. Raveendran IJsir (1987) reported that 
phosphorus failed to produce any signnicaat effect on 
nitrogen content: of soil.

She available phosphorus content of the soil 
vias also highest on the residual phosphorus 'gi eataent in 
the first year. Hoi;ever, during the second year the 
continuous phosphorus treatment and residual phosphorus 
treatments recorded hignesl values. Raveendran Hair 0987) 
in trial with sescmum reported that soil phosphorus was 
influenced by applied phosphorus. Shis high values



observed in the residual phosphorus treatment may be duei 
to the low uptake of phosphorus from this treatment (lable 70) 
In the second year due to the continuous application of 
phosphorus the available phosphorus status of the soil 
would have been increased, resulting in higher available 
phosphorus content of the soil. It was seen that phos­
phorus uptake uas significantly and negatively correlated 
ith available phosphorus content of the soil during tho 

second year,

lotal phosphorus content of the soil was highest 
in the continuous phosphorus applied plots. By the addition 
of phosphorus fertilisers to every crops in the sequence 
tho total phosphorus scacus of the soil might have increased. 
In the second year emulative phosphoruo trcrtnent also 
recorded a higher value comparable to the continuous 
phosphorus applied plots, Shis nay be dxie to the fret that 
out of the sax crops rained, phosphorus was applied to four 
crops and this might resulted in a higner total phosphorus 
concent of the soil.

She phosphorus fixing capacity of the soil with 
reap afet to added phosphorus was higher in the treatment 
where phosphorus ucs applied only to the first andrsecond 
crops of nee.



Ihe available potassium content of the soil was 
significantly higher under residual phosphorus during both 
the years and was on par with direct phosphorus in the 
first; year. Itvcan be seen from the table 39 rhat residual 
phosphorus recorded lower values of potassium uptake which 
might have resulted in higher values of available potassium 
in the soil. Raveendran Hair (1987) reported that phos­
phorus failed to produce any significant effect on available 
potassium of the soil after sesamum crop.

5.4. Effect of phosphorus on the first crop of rice after 
covpea and after sesamum
(Direct residual and cumulative offecus of phosphorus)

5.4.1. Growth attributes of n e e  after cowpea

i'he results revealed than direct, residual and 
cumulative phosphorus application had no significant 
influence on piano height at any of the growth stages during 
both vhe years. It was seen uhat there was no significant 
difference in the nitrogen content of soil after cowpea 
crops with different treatments indicating that tho nitrogen 
availability for the succeeding rice crop was almost equal. 
Therefore significant difference in any of tho froi ut 
attributes of n c o  need not be expected also as the vegetative 
development of the plant as mostly controlled by the



and residual phosphorus, iiiis again substantiate the 
ability of rice plant to utilise residual phosphorus left 
in the soil, She lack of significance observed at the 
other growth stages may be due to the transformation of 
native phosphorus under submergence which leads to con­
siderable increase in its availability,

5>.3>£* Yield attributes of ried after coupes.

Among the different yield attributes, only the 
number of panicle/sc*, n* was found to be significant, 
during the second year., She residual phosphorus recorded 
the highest number of paiiicle/sq,- m, Ihe lack of 
significance observed, in the various yield attributes 
suggest the adequacy of phosphorus in the soil, shovdng 
no difference, between direct phosphorus and residual
phoRjpiiOi-Uti i.'r'i.'citniOiics,

Yield, of rice after cowpea

the grain yield of rice could not be altered 
by the different treatments during both the years. 
However, residual phosphorus recorded the highest grain 
yield* As stated earlier, the above findings reveals the 
capacity of rice plant to utilise residual phosphorus, 
Pathak et al, (i978) observed a low response of applied 
phosphorus by rice crop, Ihis is primarily because of



of native phosphorus under submergence which leads to 
considerable increase in its availability, Srivastava 
mid fathak (1976) have reported that total response to 
phosphorus in a paddy-gram cropping sequence was higher 
when "-phosphorus .fertiliser ©as applied to gram crop and 
the residual emount of phosphorus was utilised by 
succeeding paddy crop.

Phosphorus application had no significant influence 
on LAI except at £3ot cring stage in the second yocr. At 
tho £lonerana stage, i^o-dnci phosphorus recorded the highest 
value , Inch wcs cn tar with continuous phosphorus and 
cumulative phospnorus treatments. S’his neons that residual 
phosphorus left in the soil was sufficient to produce the 
loaf area, equivalent to that in continuous phoephoruc 
and cumulative phosphorus treatments. Keelu and 'ielcni (1981) 
observed that in rice-leguae system there was no response 
of rice to phosphorus m  t he system indicotmg thereby 
that phosphorus application to borseen uas sufficient to 
meet tho equivalent of the succeeding rice crop.

!The dry natter production was significant only 
at 30 LAS an the second year. In all other cases the 
offset x.t s  no significant. At 30 DAS in the second year, 
continuous phosphorus application recorded the highest 
dry matter production thich was on par with direct phosphorus



Uptake value which may be due to the higher DMP recorded? 
by the residual phosphorus treatment.

Phosphorus uptake also recorded no significant 
difference between treatments, in any of the growth, stages 
of the plant. Shis may be due to the Already explained 
reason that the native phosphorus available in the soil 
was sufficient for proper growth and absorption and thus 
phosphorus uptake*.

She potassium uptake recorded significant &i£- 
. fer-ence due to different treatments during both the years* 
*Ehe direct and residual, phosphorus treatments recorded 
the highest potassium uptake during both the years but was 
on par with continuous phosphorus in the second year*
35his indicates that K .uptake' increases with phosphorus 
application* Agarwai {'■1980) reported that increase in,
K uptake was fX'Oia 35* 5 to 329*9 kg/ha due to phosphorus 
explication* Correlation studies revealed that available 
phosphorus content of the soil was positively and signi­
ficantly correlated with potassium uptake during both 
the years*

5*4-*5* Soil nutrient status after the first crop of
after cowpca

fhe available nitrogen status of soil recorddd 
significant difference due to the different treatments



the submerged condition obtained in rice which makes the 
re-? and occluded P available to rice crop. Moreover, 
Srivastava and Pathak (1976) have reported that total 
response to phosphorus in a paddy-gram cropping sequence 
was higher then phosphorus fertilizer i as applied uo gram 
crop and the residual amount of phosphoiua was utiliBed 
by the succeeding paddy crop as compared to its application 
to paddy crop and observing residual effect on gram.

5?he strsi yield al^o recorded no response to 
the different treatments. However, residual phosphorus 
recorded the highest straw yield. Since the majority of  

the growth attributes \ ere not significant due to different 
treatments it is natural thot the stra * yield, .. Inch is 
3 raileccion 0 1 tne cumulative influence of all the 
vegetative attributes was also not significant.

5o‘£i.i‘. Uptake of majorr nutrients by n e e  liter cox'pea

flic- r a cults rtnrcaiud no sign„ficant c.it forence 
octreor treatments an the case of !>n~iog've uptake by plants.

the £rcxiouc crop groin tas coi’pou there would in<,e 
considerable fxrcticn of '>itiogon^ thus incroaci^g tlie  

nitrogen cor ten'- of th„ ceil uniformly m  all che c_oatments, 
resulting In unnoxc nitrogen uptake m  all1 treatments.
Hoi ever, residual phosphorus tx\.acment recorded the sasinum
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years which was on par with cumulative phosphorus application, 
in the second year* As already mentioned under available 
phosphorus, phosphorus application through fertiliser must 
have enriched the total phosphorus content of the soil as 
all the quantity was not utilised by the rice cx’op,

i’he phosphorus fixing capacity of the soil with 
respect to added phosphorus was higher in plots where phos­
phorus was applied to the first crop of rice and third crop 
of eowpea cXesly .followed by the treatment where phosphorus 
was applied to the third crop of cowpea alone, As already 
mentioned, legumes can. utilise moate Oa and P from insoluble 
isalcium phosphate, thus increasing the availability, and 
decreasing the fixed phosphorus content, aiding in more 
fixation of the added phosphorus*

Available potassium content of the soil showed 
significant difference between tbs different treatments* 
Cumulative phosphorus treatment gave the highest value 
of available potassium, followed by continuous phosphorus 
application and direct phosphorus -application* -This points 
out the need for balanced 1BE. fertilisation for maintaining 
sustained productivity of the soil*

5*A*6* Growth attributes of rice after sesserun

liie results revealed that direct, residual and 
cumulative phosphorus treatments had no significant effect .
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during both the years. i'he residual phosphorus recorded 
the highest available nitrogen. Ihe lowest value of 
available nitrogen was obtained in cumulative phosphorus 
treatment, This means that residual P nay be sufficient 
to maintain the available nitrogen s b u s  of the soil,
Shis is in agrecnent with the findings of Onana (1986),

The result 2 ovealci significant difference m  
the available phocpiioru^ stecizt of soil duo to the different 
treatment-• Hie direct and residual phosphorus recorded 
highor values of available phosphorus during the first year. 
In the second year, continuous ichosphorus treats.eat recorded 
the highest value ihich was on pax with direct phosphors© 
treatment. Phosphorus application through fertiliser must 
have enriched the avaiiable rhosphorus pool hu the soil as 
the entire quantity supplied through them ijuc net taken 
uj by the crop. B u H d  up in available soil phosphoruu 
under continuous application of sure-,' phocphate has teen 
reported by Seka and Singh (193/0.

Total phosphorus content of the soil showed 
cignificant varietion duo to the direct, residual and 
cumulative -ihocphorus, Ao in the case of availaoic 
phosphorus status total phosphorus was also significantly 
higher in continuous phosphorus treatment during bota the
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years which, was on par w ith  cumulative phosphorus application, 
in che second year. As already mentioned under available 
phosphorus, phosphorus application through fe-tiliser nust 
have enriched the total phosphorus content; of the soil as 
aDl the quantity was not utilised by the race crop.

l’he phosphorus fixing capacity of the soil with 
resr ecu to added phosphorus was higher m  plots where phos­
phorus was applied. ..o the fir-t crop of rice and cliird crop 
of ^owpea closly folio -el bj the treatment hone phosphorus 
va. sppioe to the *,hird crc^ of co»p>er alone, e already 
ac,oiw.c,( legaaes can at J~se none Oa tnd P fzou insoluble 
Bdlciu’B phosphate, thus inor-as m g  the avanl? biiiry, end 
decreasing the °LroC pho&plionzf> center. c, aidiu0 lr uoie 
fixation of tho °ddod ph jcphomc.

Available potassiun content of the soil showed 
significant difieion.ee between the different treatment. 
Cumulative phosphorus treatment. gevc the highest, value 
of available potassium, folio1 rt,d by continuous phosphorus 
application snd direct phosphoius application, Shis points 
out che need xor belsrcec? N?K fertilisation for rain~aining 
eusramsJ productivity oC che coil.

5.4.6. GroEth attnbuceo of rice after seesoun

liie results revealed that direct, residual and 
emulative phosphorus treatments had no significant effect
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on plant height at any of the grotvth stages. Native build 
up cf phosphorus afte r three ero; a would have been ’ uffieieat 
to meet uhe requirements of rice for growth. Joreover 
plant heighe which is a vegetative character of jhc plant 
was not affected by the application of phosphorus.

As in the ease of height, tiller numb ex1 was 
also not in flrienccd by the different treatments at any of 
th<_ growth stager of the plant. She aon-sigmficrrt 
response may be duo so the •>jacr~ase? nvailatilty of native 
phosphorus as esplair^d earlier.

ihc 111 ,ia- cignifieani; <-c 30 l‘AC and ai flowering 
durin0 the second ye. r buo Wv*s not significant during she 
fir^t year. 'The residual phosphorus recoidea die highest 
LAI at 30 DAS vfiieh was on par .̂iti continuous phosphorus 
urcrti'ent* At flowering stage again tho residual phos­
phorus and continuous onosphorus x’ecoraed ohe n_ghesc 
values hxcb were on pjr % itL direct phosphorus. This 
again exp-1 pinc the capacity of rice plant to utilise resi­
dual phe -'-homs t hich could give the same effect as that 
of direct phosphorus.

The dry r a . ’-er  Jioduotisn recorded r c  wiiprifieant 
dnxcrxnce at uht xariens pro th stegop during the firsu 
j n . ,  tut eignifica-at difference - ee observed et all



recorded the highest value of phosphorus uptake which 
indicate the adequacy of residual phosphorus for the 
growth and absorption of phosphorus* In the second year 
continuous phosphorus application recorded highest values., 
of phosphorus uptake both during 30 DAT. and flowering 
which was oh par with residual phosphorus while direct 
phosphorus recorded higher phosphorus uptake during the 
harvest stage, which was on par With continuous phosphorus 
and residual phosphorus application. fhis again explains' 
the capacity of rice plant to utilize r^i&ual phosphorus. 
Singh and Prakash (1979) observed that phosphorus application 
brought about an increased uptake of phosphorus.

Ihe uptake of potassium recorded significant 
differences with different treatments both during the first 
and second year. Continuous phosphorus recorded the 
highest potassium uptake which was on par with direct and 
residual phosphorus application. Singh and Prakash (1979) 
reported that addition of phosphorus proved beneficial 
for potassium uptake by rice. Correlatioh studies 
revealed that there was positive significant correlation 
of potassium uptake with available phosphorus content of 
the soil*

3*A.IQ. Soil nutrient status after the first crop of rice

The available nitrogen status recorded significant



significant could have resulted in a more or less uniform 
grain yield under different trcaroenic.

Thera t as no significant difference between 
treatments on the oti-av yield. As stated earlier there 
was no significant difference bot\ een treatments with 
respect to growth attx-ibubec which night have resulted in 
a more or loss uniform straw yield under iSifferent treatments.

5ai!»9» Uptake of major nutrients by rice aftrr scsomun

The niero,-,-n u"ta2:c- cf race at harvest, recorded 
significant difference due to different treatments. The 
direct effect of vhoepborus recorded the lighest nitrogen 
uptake during both the ye,_ r.~, Better availability o± 
phosphorus froo superphoophuti mero.ief mtrogon nr bake, 
as Tjich adeouate ohoenhoruG supply, rooting and plane 
groi th i ould Iiavu been vigoro is ennancmg dry natter pro­
duction and better absorption oi nitrogen in •‘•r,, TbT Q £ AflQ3 
oi phosphorus. H a s  is m  egrseieno witc the findings Bf 
Vein e_t ol. (A93?). Avails io pno3_hoxic cf the
soil was positively and significantly woxrelafced m&bh 
nitrogen uptake.

The uptake nf phccphorus recorded significant 
cuffeecnce^ between treatments et 30 DAT during both tie yearc 
and at flowering stage and at harvest stage during tnc 
second year. At 30 DAT, in the first year residual phosphorus



recorded the highest value of phosphocus uptake 1 hick 
indicate the adequacy of residual phosphorus for the 
growth and absorption of phosphorus* In the second year 
continuous phosphorus application recorded highest; values 
of phosphorus uptake both during 30 MU ,  and flowering 
which was on par with residual phosphorus while direct 
phosphorus recorded higher phosphorus upcake during the 
harvest stage, which was on par With continuous phosphorus 
and residual phosphorus app] icaticn, This again exp] a m s  
the capacity of rice plant to utilize *.*.*>-dual phosphorus. 
Singh and Prakash (1979) observed that phosphorus application 
brought about an increased uptake of phosphorus.

The uptake of i otarsmn recorded significant 
differences vith different treatments both during tho first 
end second year. Continuous phosphorus recorded th" 
highest potassium uptake i inch vas on par with direci end 
residual phosphorus application. Singh and Prakash (1979) 
reported that addition of phosphorus proved beneficial 
for potassium uptasre bj rice. Correlacioh studies 
revealed that there was positive significant correlation 
oi potassium uptake with available phosphorus content of 
che soil.

5 .'I-.10.. Soil nut-ie.it status after the first crop oi rice

The available nitrogen status recorded significant
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difference due to the different treatments, She residual 
phosphorus recorded the highest value during both the years. 
Ihis also shoued tnat residual build up of phosphorus is 
enough to maintain the available nitrogen status of the 
soil* Also from tn« table 59 it could be seen that the 
residual phosphorus treatment recorded tho lovest values, 
of nitrogen uptake the eh might resulted m  a higher value 
0 1 available nitrogen of the soil.

Direct end residual phosphorus recorded signi­
ficantly higher available hiiosphorus content of the soil 
during both m e  years but -/as on par i ith continuous, 
cumulative and residual phosphorus in the second year. 
Phosphorus api liceexon through fertilizers muse have enriched 
the coal available phosphorus, Prom the data it can be 
seen that cumulative phosphorus application i as also 
on par uxth direct phosphorus and residual phosphorus.
Shis shous that in a cropping system involving sesamum 
as one of the crops in the rotation, application of phos­
phorus to sesamum and xbc residual e&Cecc being utilised 
by the succeeding race crop proven to bo as efficient 
as continuous appj ieation of fee cilizer to all the crops 
in the sequence, m  enriching the available phosphorus 
status of soil.



ffhus the results revealed that the various phosphorus 
management treatments behaved consistently similar over the 
seasons for- both the rie e-rice-cowpea and ric e-ric e-sesamuo 
systems. (Shis Beans that rice yield was not affected by th 
tiniinus, directt cumulative and residual application of 
phosphorus,,

ffee total grain yield of the riee-rice-covpea 
and rice-rice-sesamum systems in terms of calories 
(grain equivalent) revealed significant increase for 
the riee-xace-Eesasum over rice-rdee-eovpea system. It 
is revealed that the treatments and system x treatment 
interaction had no significant influence on grain 
equivalent. Hero again the results revealed that the 
treatments behaved consistently similar for both rice- 
rice—cov/pea and rice-rice— sesamus systems,
5.7. Economics of phosphorus management in terras of 

net return and benefit-cost ratio for the rice- 
rice-cowpea and rica-rice-sesamuin systems

!S?he results revealed that significant increases 
in net return and benefit-cost ratio were obtained in 
rice-riee-sesamum system as compared to rice-rice-eowpea 
system* Prom the Sable 66 it is seen that an additional 
net return of 1255/- was obtained from the rice-rice— 
sesamus system over rice-rice-cowpea system in one year*
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.It is soea that signilicsnbly higher net return, 
and benefit-cost ratio were obtained iron the treatment 
where phosphorus was applied only to the third crop of 
eowpea/sesami® and the residual effect of phosphorus being 
utilised by the succeeding rice crops (2^)* Since there 
was no response of rice to the direct application of 
phosphorus it is enough that phosphorus need bo applied 
to the third crop of cowpea/seo&sum so that the residual 
phosphorus could be utilised by the succeeding rice crops 
successfully. Shis is in agreement with the result 
obtained by Purushot-haoan (19/9) who observed that in 
a rice based multiple cropping experiment, application of P 
to summer upland crop gave similar yield as application 
of recommended level of HPK to each crop. Venhatesuarlu 
and Ehsshare Bao (1979) pointed oat that if a iegunc crop 
is taken up as the first crop in sequence all the phosphate 
for the system to be applied to the legume in which the U  

would be supplied to the planting cereal with reduced 
osphate fios.e«
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Thus tiie results reveal o'1 the! the various phosphorus 
aanoGcncnt treatments behaved consistently sinxlac over the tuo 
seasons for both -oho rj.eo-rxce-cot pea and ricQ-rxce-sosanuo 
systems, Shio scans that rice yield ’.as not affected by the cc 
tinuous, direct, cumulative and residual application of 
phosphorus.

The total Qxaxu yield of the riee-nce-coupea 
and. n e e —rice—seoanum syete^s in terns of calories 
(grain equivalent) revealed significant increase for 
the ne e —rice-coscnur over rice—rxce-eovpea systcn. j t 
is revealed that the treatments and system :: treatment 
interaction had no significant influence on groin 
equivalent. Here agoin ta c rasult^ revealed that the 
treatments behaved consistently similar for both rxce- 
n c e —coi pea and nec-mee-eosaEuni .ystems,

5.7. Economics of phosphoru._ management in terras of 
net return and benefit-cost ratio for the nce- 
r-ice— covoea and ric e-ric e-s e aaius: oycnems

The results revealed that significant inci’caccs 
in net return and benefit-cost r.Uo noro obtained in 
rice-nce-seocnu- sy_ton a-, compared to rxee-rice-coi pea 
system, from the Table 66 it is se» n that an additional 
net roturn of its, 1255/“ uas obtained froE> tho nee-rxce- 
sosanun system over rice—rice—eovpea system m  one year.



Field experiments were conducted to develop on 
appropriate phosphorus management practice in a rice 'based 
cropping system involving riee-rice-ooivpea/seseistim in 
the rice fields of the Instructional Farm, College of 
Agriculture, Yeilayani from June 198^ to September 1966. 
She experiment was laid out in a rondomiged block design 
with three replications. Shore were oij|ht treatments, 
i’fce treatments comprised o £  (1) continuous phosphorus 
application to all the three crops in the system 
(tj) phosphorus Qpplice.ti.on to the first and second crops 
of rice (5) phosphorus application to the first erop of 
rice and third crop of eov/peo/oesamus C1’-) phosphorus 
application to the first crop of rice only (3) phosphorus 
application to the second crop of rice and third crop 
of cowpea/sasaoum (6) phosphorus application tb the second 
crop of x*ico only (7) phosphorus application to the third 
crop of covjpea/sesamum only (8) control plot with no 
addition of phosphorus to any of tho cxups in tho system.

Phosphorus was applied according to the tneatmejfrfco 
based on the package- of practices recommendations of KA.0 
for each crop. She recommended dose of nitrogen and 
potassium for the- respective crops for the respective 
seasons were applied uniformly to all the plots*

s w m B ?



SUMMARY
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S’ho.sphoras uptake could not ©hot? any significant 
variation due to the different treatments* Potassium 
uptake increased with phosphorus application, 
direct, residual snd emulative phosphorus 
recording sipnificsntly higher values as cospared 
to control plots*

6* Available nitrogen content of the soil was 'highest 
under residual phosphorus* Available and total 
phosphorus content of the soil were highest under 
cumulative phosphorus treatment in the first year 
and eontinous phosphorus treatment in the second year*.

Hi* Direct, residual and cumulative effects of phosphorus 
on the third crop of ‘cowpea/sesasum

A»- Effect on eowpea
7* All the growth attributes like height,, number of 

leaves, 'MX, Humber of branches, and dry matter 
production were influenced by the direct application 
of phosphorus to the coupes crop*

8* .411 the yield attributes like number of pods, number
of grains per pod, length of pod and thousand seed 
■weight were increased by either -direct effect or 
cumulative effect of phosphorus*

9* Grain yield of eowpea was significantly increased 
by the direct application of phosphorus to- the ■ 
oowpea crop* -



10. Hegsr&ing the uptake of mao or nutrients, the uptake 
of nitrogen was influenced by the direct, residual 
and cumulative phosphorus and a significantly 
higher value was obtained than control plots, 
phosphorus uptake showed no significant variation 
due to the differenfcttreatmerits except during 
the floitfering and harvest stage of the second year* 
Even then the highest uptake was observed by 
the direct effect of phosphorus.

11* Available and total phosphorus content of the soil 
was increased by the continuous application of 
phosphorus to all the three crops in the sequence* 
Available potassium content increased with 
increase in available phosphorus.

. Effect on sesamum
12* Direct and cumulative effects of phosphorus had 

significantly increased the height,, number of 
leaves, LAI, number of branches and dry matter 
productionat all stages of sesamum crop.

13* Nurabei' of pods per plant was highest in direct and 
cumulative phosphorus applied plots* ihougfa not 
significant the highest seed yield was recordedd 
by the direct application of phosphorus in the 
first year and cumulative phosphorus in the 
second year*
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Phosphorus uptake could not cfto." any significant 
variacion due to the different treatments* Potassium 
uptake increased i’ith phosphorus application, 
direct, residual and cumulative phosphorus 
recording significantly higher values as compared 
to control plots*

b* Available nitrogen content of the soil uas highest
under residual phosphorus* Available and total 
phosphorus content of the soil were highest under 
cumulative phosphorus treatment in the first year 
and con tinoua phocyhorus treatment in the second year.

Ill* Direct, residual and cumulative effects of phosphorus 
on the third crop of eoupea/cesemuin

A* Effect on coupea
?. All the growth attributes like height, number of 

leaves, LAI, Humber of branches end dry matter 
production cere influenced by uhc direct application 
Of phosphorus to the coupea crop.

8* All the yield attributes like number of pods, number 
Of grains per pod, length of pod end thousand seed 
weight wore inoreacod by either diiect effect or 
cumulative effect of phosphorus.

9* Grain yield of cot’pea was significantly increased 
by the direct application of phosphozuo to the 
coupea crop.



'JO. Regarding the uptake oj. ma$or nutrients, the uptake 
of nitrogen was influenced by the direct, residual 
and cumulative phosphorus and a significantly 
higher value was obtained than control plots. 
|?hosphorus uptake shoxed no significant variation 
due to the different treatments except during 
the flowering and harvest stage of the second year. 
Even then the highest upveke i as c bserved by 
the direct effect oi phojphorus.

11. Available end cotal phosphorus content of the soil 
was increased by the continuous application of 
phosphorus to all the three crops in the sequence. 
Available potassium convent increaoed l ifch 
increase m  avaalable phosphorus.

. Iffect on sesamum

1?* Direct and cumula tivo effects of phosphorus had 
significantly increased the height, number of 
leaves, XAI, number of branches and dry matter 
producvionat all stages of sesamua crop.

13, Nunber of pods per plant was highest in direct and 
cumulative phosphorus applied plots, ihough not 
significant the highest seed yield was reeord.oeh 
by the direct application of phosphorus in vhc 
firoo year and cumulative phosphorus in the 
second year.
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14. Nitrogen urtake vas highest an cumulative phosphorus 
which as on par i/xth direct phosphorus in the first 
year. In the second year direct pho pphoruc recorded 
the highest nitrogen uptake ehieh Has on psr uith 
cumulative phosphorus application. Phosphorus 
uptake m  all the stages of crop grotth uas highest 
an direct phosphorus applied plots, She highest 
uptake of potaosiun »as also recorded by the 
direct effect of phosphorus.

-1 5* Residual phosphorus recorded h:£ has values of 
available nitrogen and available phosphorus and 
available potassium content of the soil. Ihc total 
phosphorus content t as highest in continuous phos­
phorus applied plot v.hich on par tatfa cumulative 
phosphorus in oho second year.

IV. Direct, residual and cumulative effects of phosphorus on 
the first crop of rice after cospea and alter sosaiaun

A. Iffect on rice after eowpea

16. Plant height was not affected fey the direct, 
residual sad cumulative phosphorus application.

1 7 . Iil3ar number recorded significant difference, uith 
residual phosphorus recording the highest nunber of 
tillers at 350 DA5P during the second year, at 
flowering stage during both the years, and at
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harvest stage 'luring, the second year. LAX at 
.tlo'.ex'ing stage during the second year recorded 
higher value by residual phosphorus.

p■18. Among the yield attributes only number of paniele/n 
vas significant during the second year tath residual 
phosphorus recording the highest nuiaber.

19. Gram and strai yields t:ere not significantly 
iriluenced toy the different-treatucnw of direct, 
residual and cumulative phosphorus.

20. Hitrogon and phosphorus uptake at flovering and 
harvest i-,as the highest in residual pfaoopbomo, 
potassium uptaise was significantly higher m  direct 
and residual phosphorus treatments 1 hich here on 
par uith continuous phosphorus appliesnon in
the cecond year.

21. Residual phosphorus ua& sufficient to maintain the 
available nitrogen status of the soil. Vith regard
to available phosphorus, direct phosphorus application 
in the first year and continuous application and 
direct application 02 phosphorus in she second 
year rocordtd higher values. 2otol phosphorus 
content uas highest under continuous phosphorus 
and under eunaJativo phonpbo'~us, Available 
potassium ras highest ir cumulative phosphor us 
treatment followed by continuous and direct 
phosphorus application.



31* Grain equivalent (kiloealoxdes) for the riee-rice- 
eowpea and rice—rice—sesasum systems revealed 
that the different treatments behaved consistently 
similar for the rice-riee-cowpea and rice-riee- 
sesaraum systems*

VII* Economies
32* The highest net return of Es*10292/** and benefit- 

cost ratio of 1*8$ for the ric e-ric e-c ow p ea system 
and a net return of Bs,10726/- and benefit-cost 
ratio of 1*90 for the rice-rice— sessnms system 
wore obtained where phosphorus was applied only 
to the third crop of cowpea/sesaeum* An additional 
net return of Es*12$$/— v/as obtained from ric e-ric e- 
SQStmam system over riee-riee-cowpea system in 
one year*

From the present investigation, it can be concluded 
that for the best management of phosphorus for the rice- 
rice-eoupea and rice-rice-sesaraum systems, phosphorus need 
to be applied only to the third crop of eovspea/sesamum*
Future line of work
CD Experiments with loss soluble phosphatic fertilizers 
i like rock phosphate in addition to superphosphate afe 

to be carried out in order to study the relative



efficiency and residual value in nice based cropping 
s y s t e m s .

Management of other ma^or nutrients like nitrogen and 
.potassium along with phosphorus in cropping systems 
can also be undertaken in order to study the fertiliser 
management practices for rice based cropping systems*
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31, Grain equivalent (kilocalorxes) Tor ihe ricfc-rxce- 
cowpea and rice—rice—sosonum systems revealed 
that the different treatments 'behaved concicuc-ntly 
similar for rhe rice—rice—covpea ana mco-rice- 
seccEum systems,

VII, Economics

32, Ihe higheat net return of Ea»-10292/- and benefit- 
cost ratio of -1,85 for the racc-ricco pea system 
and a net rotum of Es,-10726/- and benefit-cost 
ratio of -1,90 ior the rico—rice— sesaraum system 
were obtained nheie phosphorus , i a s  applied oniy
to the third crop of cowpea/seoacun, An additional 
net return of Fs.-1255/— uas obtained from rice—noe- 
sesamuis cyst^n over rics-riee-eorpca system in 
one year,

From che preaont investigation, it can be concladed 
that for the best ranagenent oi phosphorus for the race* 
rice-co'pca and nca-ricc—sesanuo sysoems, phosphorus need 
to be applied only to the third crop of eowpea/sesasus,

Future line of nark

(1) Esporinents uith loss soluble phosphr Sic f crCU ■> sors 
, like rock phosphate in addisioa to superphosphate afe 

to be earned out m  order to study tho relative



efficiency and residual value in race baaed cropping 
systems.

flenagement of other na^or nutrients like nitrogen and 
potasfciur alcn; ; ith phosphorus in cropping systems 
can also be undertaken m  order to study the fertilxsi 
management practices for rice based cropping systems.
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Appendix I
Meteorological data for the cropping period from June 1984

to September 1986*

SI* Bainfall lemperature Bo Relative Humber ofHo* Months (m.m) • Maximum Minimum humidity rainy day
m

1* June 19S4 215.8 . 30 * 3 22.9 72*5 12
2, July « 131.6 28.9 23,7 80.0 16
3* August tt . 22.4 28*8 23.8 69.3 4
4. September ft S3.2 . 30,3 23*8 73*5 8
5* October tr 201.8 28,6 22.1 71*5 10
6. November xt 120,6 30.7 23*8 79*5 12
7. December s? . 5*4 30*6 22,6 78.0 1
8* January 1985 61.2 30 *7 22*9 80*5 2
9* February u 26.0 31*8 23*8 82,0 4
10. March « 8.1 32*4 25*6 82 ,  5 ' 4
11. April If 38.4 33.5 22.3 77*3 5
12. May IV 8.1 33.7 22,-1 79*0 4
13. June u 322.1 28.5 23*1 79*0 20
14-* July ST 71.0 .28,2 22.4 71*5 7
15* August f! 21*.? 28.6 23.6 83*0 3
16* September i: 0*0 30.3 23*6 81.0 0
17* October If 594*0 30 .6 22.8 85*0 13
18. November 13 240*0 29,8 23*0 79.0 12
19*. December •J!: 104.8 30.9 23,0 72.4 10
20. January 1986 ' 21*6 31*9 21.8 75.0 2
21. February » 86*0 31.9 20.8 76.0 3
22. Marsh tt 8.6 31*8 20.8 59*0 2
23*. April u 125*5 33*9 23*6 73,6 9
24-* May « 132.1 33,7 22.7 73.8 5
25. Juner !3 2a4*3 31,2 22.6 76.0 15
26. July ff 30.5 22*9 79*0 13
27. August « 449*3 30*3 2c *4 74.0 13
28. September t! 102.4 30,3 23*4 74.0 11
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Appendix: I

Meteorological data for the cropping period from June 1984 
to September 1986.

SI.
m . Months Rainfall(m.m)

Temperature 8c 
Maximum Minimum Relativehumidity

c »

Number of rainy day

1 . June 1934 2 1 5 .8 30.3 22.2 72.5 12
2. July tl 131.5 28.9 23.7 80.0 16
3. August 17 22.4 28.8 23.8 69.5 4
4. September t! 83.2 50.3 23.8 75.5 8
5. October t7 201.8 28.6 2?.1 71.5 10
6 . November <t 120.6 30.7 25.8 79.5 12
7. December i l 5.4 30.6 22,6 7 0 .0 1
8. January 1989 61.2 30.7 22.9 80.5 2
9. February If 26.0 31.8 2 3 .8 82.0 4

10. March « 8.1 32,4 2 5 .6 82.5 4
11. April 17 33.4 5 %  5 SP .3 77.5 5
12. May n 8,1 33.7 22,1 79.0 4
13. June u 322.1 28.5 23.1 79.0 20
14. July a 71.0 28.2 22.4 71.5 7
15. August r- £1.7 28.6 23.6 C3.0 3
16. September i 0.0 30.3 23.S 81.0 0
17. October u 594.0 50.6 2 r _ . 8 85.0 13
18. November r 2^0.0 29,8 23.0 79.0 12
19. Beeember i* 10&.8 50.9 23.0 72.4 10
20. January 1986 21.C 31.9 21.8 75.0 2
21. February if 86.0 31.9 20.8 76.0 3
2?. March. it 8 .6 31.8 20.8 59.0 2
23. April it 125.5 33.9 23.6 73.6 9
24. May ii 132.1 3b. 7 2 1 .7 73.8 5
25. June ii 2^4.3 31.2 2 .6 76,0 15
26. July n 94,4 50.5 2". 9 79.0 13
27. August n 449.3 30.3 2^.4 74.0 13
28. September i i 102.4 30.3 23.4 74.0 11
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A8S3KACI

3ii order to standardise an appropriate phosphorus 
management practiee in a rice based cropping system involving 
rice—rice—cowpea/sesonun:, field experiments were earned 
out in the rice fields of She Instructional Parm* College 
of Agriculture* Vollayarti from June 1984 to September 1986. 
ihe experiment uas laid out in a randomised block design 
uibh three rcplicctions. S'here uere eight treatments, 
ihe treatments comprised of (1) continuous phosphorus 
application bo all the three crops in the system (2) phos­
phorus application to the first and second crons of rice 
(3) phosphorus application to tho first crop of rice and 
third, crop of co>:ves/svsaraum ('>) phosphorus application 
to the fust crop of r_ce only (5) phosphorus apwlicabion 
bo the second crop of rice and third crop of coupea/sesamum
(6) phosphorus application to the second crop of rice only
(7) phosphorus application to bhe third crop of co;,-pea/ 
sesamun only (5) control plo 0 \ JL VJU no addition of phosphowis 
to any of the crops in bhe sysberu

Ihe salient findings of the experiment cro as
folio's:

Phosphorus application had no signalleanb influence 
on grain and aexan yield of fir°t crop of i_ce* But



available nitrogen, available and. total phosphorus and 
available potassium of the soil were increased with phos­
phorus application#

Direct, residual and cumulative effects of phos­
phorus had no significant ifluence on gram and straw yield 
of second crop of rice. Phosphorus uptake could not show 
any variation duo to the different treatments. Available 
and total phosphorus content of tho coil were highest under 
cumulative phosphorus treatment.

All tho grovth and yield attributes of third crop 
of cov-pea and oesosum were increased by the direct and 
cumulative effects of phosphorus. Grain yield of cowpea 
was significantly increased by the direct ap_3ication og 
phosphorus, ilventhough not significant the highest sesanun 
yield was accorded by the direct and cumulative application 
of phosphorus. Phosphorus uptake in all the gxa ;th stages 
of the crop was highest in direct phosphorus plots.
Available and total phosphorus eontent of xhe soil was 
highest in continuous phosphorus applied plots.

There was no significant influence on grain and 
straw yield of first crop of rice after cowpea and sesamuEi 
in the direct, ro&idua! and cumulative effects of phosphorus. 
Residual phosphorus was sufficient to maintain the available



nitrogen status of oho _>oxl. Available phosphorus of tho 
soil viaa incrt-c-sed by the direct, cumulative and continuous 
aprlxeation of phosphorus and total phosphorus by continuous 
applieacion of phosphorus.

Balance cheee of avail ̂'le phosphorus revealed 
that tho soil phosphorus level almost maintained, ' he_e 
phosphorus uas ara lioti only to the third r ■'oi/ of coupon 
or soscnuia.

dhc highest n»t return and benol-t-oost ratio 
for the rice-^ico-co i?oa and rice-rico—sesanmn system 
uas cbco.arrr’ ’hoc diocpborus  ̂as applii d only fco the 
third wro” lie the rxc^ ■”allov ari d v  residual effect 
being jjtiliscd by uhe succeeding rice crops.




