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1. INi'R'JiJUCTION 

(Ind.ian Agriculture cou.11 be able t.J meet ch~ tOJd 

r8qu!r·,:!ment ~).r ever rising populntion :.1nd nearly 3eli-
! 

sutficiency hqa be;::on ~chleV2d in major c"~re al crops. But 

stagnation in th€ productiJn of pulses and oilsedds still 

ramains an 1.:L:lue of primar'y concern. In the one hillld. 

sizeable 1mpvrt ot edible 011s 1s c3usinl~ he:1vy dr3.in 

oI toralgn exchanga while on the other h~dt av~lability 

of pulses i3 inadequate co m~et the protein requir~ment 

oJ! pre-eminently vegetarian populatiJn in India. The 

paradJx 1s that th8 oilseeds and puls~s are energy rich 

cro~s bu~ ard grown in energy stress conditiJns resulting 

in pOJT prodw..:tivi'l.y •. ' Pres,antly 92% ot pulse productiJn 

and 90" of the oilseeds product1..)n are '::?s cimated to come 

from rainte:.i areas. Even it all the estimqted irrigqtion 

potential is exploitad, not more than 60% of the gross 

cropped area can be brouc;ht und~r lrrig-ati)n. Therefore, 

rainfed areas will titay as main d·)main for these crops 

and the country will have to depend on rainfed/dryland 

farming to sustain th~ level of production not only to 

meet the ed1bl~ 011 ~d pulse requirement but also to minimise 

the social imbalance between rainf'ed and irrigated areas • 

. ) ~ 

* " 
l Mustard is the sec.Jnd m03t import~nt oilseed crop 

and covers highest ac~a.ge ~on~ ~ oilseeds, wberea:3 

chickpea had. the larger share of pulse production and area, 

These crops are seldom provided with the fertilizers 

resulting in po:.>r productivity or mustard (714 kg ha-1 ») end 
. ~. 

ohiokpea (658 kg ha-1). Since these OrOps ... ,:will stay tor 
I 
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J. I-ln,s timG to.) CJlne in r:llnfed ar~ as therefore. it is 

n·~ce."o,Jry to dev~lop the ;:;;uitaolt1 technology by ,;!)'y of 

chm6in'j; tl:"U~ir pl'1nCin~ pattern and use of f'ertili;c..ers. 

In r~cdnt 'f~acs t.he int.~rcropping ,jf legu'1" rmi 

n0n-l~ ~:~ume crQ p C.::'HllpOnent5 has recel Vf~d much at tenti0n 

in re '1Iising t:h~ i~r,~':lt ~r yield advMt ~ge in rainfed 

conJiCi0ns ('.~111ey Md. Rao, 1980 ~d Nik'!m II .!l., 1987). 

,.h:?r\:):J.~ this sysc.ern n~t -lnly uUIL .. :e the growth res)urces 

moo t; ::!fficlt:ntly but aldo minimises r:he risk by way of 

pr0viciinJ insur'1nc~ ae/;:unst f.:rl.lure of '1. crop ~d often 

rl;!sulc6 in high·~r yield adV9l1tQged over pure cultur~~. 

S,evo,.;!!'CI\.l' .,:;tudi9S have evinced advant~ge of musta.rd-chick;:,e~ 

lnt0rcropping in' 31tern3'Cf? rows over either )f the sale 

crops (3axana and Yadav, 1~73; Singh mld Bqjpai. 1982 

!llld KU,jhwaha, 198.5). H.)wever, chickpea. yield in 1: 1 

mu..;tard-chickpea system was suppress~d to a gre9ter axtent 

by tall growin..s mus'tard plants and as the sp~cing betwe~n 

mus tard rows w'as incre:lSed to accomod'lte more cnick';')ea 

ro~s in between. ~he chickpea yield relatively incr~aaed 

(Meena, 1985). Wider row spacing can be kept either 

by r~plaCinG some of the mustard rows by chickpe~ without 

changing the pl~t spacing within rows or by :reducing the 

plant spacing wi thin rows to main'cain the sane plant 

populat10n of main crop as in pure stand. Nevertheless, 

c-) .•• patiti0n among the com.ponent crops in two 81 tuati~ns 

dilfer t..:> :-1 great exten'c and hence both these systems 

could be tried in one study. 
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F,:~rtilizclr is sin.::;lG most import'\,'1t input in 

modern .3.,J_;ricultur,::.' t,) 1':1i88 crop productivity epccially 

in rainfedjdryl3nd ar~~ bec~use they are not only 

thirsty but are aloo hungry. Am0ng th8 prim~y nutrient 

alaID,.!nt.':) pho$phorus nutrition is c·,:msidered very import '1l1 t 

for oilG,::~d8 and pulses. Several resel3.rch:;!!'s h lve obs ;,rvad 

fa.v Jur'1.l.)l~ responst..! to applied phosphorus Jj I!Iust3.rd 

(Mudholk:=tr and Ahl~'1wat, 1981; Arch'3.r Md Ij::-ddyanathm. 

1982 md Dhill::m .md '/ig, 1985) as w!~ll as by chickpea 

(Dixi t .tl ik.. 1983; S1n!5l~1 !U. .§!l. t 1984 .mj BJr~;ohain <md 

Ag-u-wal. 1986). 

\vhen 'tht~;j .. ~ crJi"".!3 l.r8 gr)'wn in '1.n lnt(~~'cropplng 

.3 y3 t.:Jm \,,11 th V '11' lin,s r'Jw r lei.) than th.~ir tot'11 dry In ,tter 

proJucCi In will vary c,.:mdiderably t') i;h2ir nole stands. 

·rh.'r~f:)re, th;) nutriant p'1.rticulqrly phosnhorus r~qulrem'~nt 

will bound to differ 1;.) their sole stand ~:i thr~ f8rtiliz',?r 

re'lllirement will h we to Dd di.f'fer,;~nt whl-;rl th·~s~ crops M~ 

put t\)gtJth~:r in an intercropp1ng system. Phosphorus 

re quiI."'$ffi·=nt Jf indi vid.ual crops have been worked out qui 1;e 

precisely ay 3..:.sruno:nis ts fo r mwst qrd :md chickpe ='1, 

s,~parat'21y. Howev~r; soma re$--'archers h'lv"_' tried must~rd 

and Ct.ilcKpaa in int,~rcroppinf~ syst:em eith~r in r.>pVlcernent 

sari~.:) or in add! Live seri2.s but c.:Julp·\ratl ve infurm·=lt.ion 

.In mustard-chickpea Intarcroppinc~ in both ch,.: syst'~msl 

p~ttdrns was absent. p3rt1cul1.rly on th:.;~ f3.3p·,~ct ,)f soil 

and appl Led phosph,)rus uptake under di.t.f'er,~nt p~ltterns. 

Thus, to analyse the propor~ion of n~tive and applied 
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I_,h..)s_;:JhoI'Uo, use ,:;){ r:3.d.io-i30topes SarV~3 as a superior 

an6.lytic'lJ. tJol, eXtending the sansiGivity, specificity 

aILl incre'1SinJ ~h.~ C3Sod of analysis beyond conventional 

mdtho\1S. I t8 usatulness i5 o'lSed on th~ concept th qt .o:m 

applied .('ldio-activcl isotope equilibrates with its stable 

element in the 8')11. 

Keepin6 these factors in view, it W~ considered 

Ilppr,Jpri \G~ to carry ,:m.e ru1 investlg ·t!~n entitlf1d 

ll'rr3.Ct;:!.1"' B tudl~d on phus phorus use effie! ::>ncy in must ard­

ChiCKYcl'<l pl'lntlnt~ pqttarns under rainted conditiQns" with 

tn~ following objectives: 

1. J.'o dtudy·the efi'~ct..)f plmtin~ p!J.tt?rns -;;m biom~s 

pro:lucti)n of must ard :md chlckpe'3 • 

.:!.. ro study the rdspon.:H~ of .nustard and chickpea t.:> 

!ertili~er ph08phoru~ under different planting 

patterns. 

j. fo assess tht! rel'3tive contriblAt1.;)n of native and 

.fertilizer ph) .. phorus in mustard-chickpea planting 

pittt:1rns. 

. . . .. 



In this chapt~r an attempt h3S been made t:J present 

a bri~f review on mus card (Brassle a junc,!~ L. C -..:ern and 

Coss) and chickpea (CJ:_car arie"U.num. L.) cultivation. It 

c~v~red the effects o~ planting patterns of crops ~d 

phosphorus terti11 z,3tion on p1-mt growth, yield and yield 

attr1bu~es. light intHrcaption by C~)P canopy, quality, 

nutrient content mld uptake and yield advantages. ~!lhere 

infJrmati~n on cel~a1n aspects of lntercrop~ing systems 

for rainfed conditions was not available or was inadequate 

similar information on r~se arch conducted under 1rrlga'ted 

condltl~ns has bean reviewed. BeIore che review is 

p1'8sent'jd, 1 t is c.)nsldered Ilpl-:ropria.te that the important 

aspects of the concepts and pr~ct1ces of interc!~pping 

systems are discussed. 

Intercropping is the practice ot growing two or 

more crapa toggthar on the same are:"i of land, the crops 

are no t always sown or harvested exactly at tht~ $cuue 

time but usually grew simultaneously tor ~ significant 

,part of th~l.r periods. It .'llso implie~J that the erops are 

raised in separate rows and not grown mixed (\ndrews and 

Kassam, 1975; Freyman and Venkat"ilswarlu. 1977). The 

lntercropping systems are of two types viz •• repl~cement 

saries and additive serieS. In former., 50 per cant 

population of main crop is replaced by intercrop while in 

la"er the plant population ot main crop remains unchanged 



6 

and add! tiona! plant population of intarcrop or assooiate 

crop is adjusted. 

Wnen two or mo:r:-a crops are rf3ised as lntercrops, ona 

comes across two situations, in one, the intercrop grows 

be"tter in the presence at another 3Jld axc~eds in yield 

a.d'l:mtage over the sale crop (Donald, 1963. Van Den Bergh, 

1968 ruld Willey. 1975), in another, adverse effect of 

c,:>mpetition bet ..... een component crops are noted and the yield 

advantage compared to the 80119 crop 1s lowest (Ahlgren and' 

Aamodi, 1939; Donald, 1946 and Harper, 1961). 

The yield advantages obtained thrOugh intercropplng 

ard due ~o efficient 'ltilization of the available growth 

rQR{)UrCeS lik,7.! wo.tar (Kassam, 1973 J Baker and Norman, 1975), 

nu~riento (Ibrahim and Kahesh, 1971; Kassam and StOCkinger, 

1971; Dalal, 1974 and Lakhani, 1916) ~nd llght (Nelllet 

ll~ •• 1974; Bakar and Yusu.t, 1976). The crops besides 

utilizing growth resources more et!ic1ently,suppreased weeds 

and lowered disease and pest incidenoe. resulting in 

ov~rall improvement in product1~n over sole cropping' 

(Litalnger and Mo.->dy, 1975; Rao and Shetty. 1977). Against 

the blinetits nu'Cad. interoropping sometimes produced 

injurious (allelopathio) 'effeots on one or both the orop 

components (Risser, 1969 and Rioe. 1974). The intercrops 

also po~ed problams ot crop management in countries/ 

re~ons where higher degree of mechanisation 1s practised 

(Will.Y', 1979). 
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2.1. ~ole mustar~ 

Rap.:s'::!ed-mustard, Oecause of i t$ ca.pa.city to flourish 

well even on poor soils, i8 seldom tertilized. Experimental 

evid'2nces reveal that phosphorus 1n right amount with 

efficient method of t".=rtilizati)n enhmces the yield 

r~markably. The importance of phosphorus fertilization 

on Brassicae has been emphasl zed by many workers (Pathak 

2.£. &." 1963 J Singh ~ !l. •• 1967 and Bhan, 1977). Its 

application may have favourable effect on growth, yield 

and quality attributes which are detailed hereunder: 

2.1.1. Plant growth 

Bhan and Singh (1976) reported that phosphorus 

application increased the pl::mt heitSht and number of branches 

per plant t while working on sandy loam soils at Kanpur • 

.L'heae ancillary characters remained at par with 25 and 

- -1 )0 kg Pi.)S ha • vsbome and Batten (1978) studied the 

effect of superphosphate on rape (Brassies nm2~,) grown 

on two 8ites. Site I had low total nitrogen (0.;066 to 

0.125%) with available P ranging from 11 to 79 ppm. The 

.:;i ee II had high tocal n1tro~en (0,124 to 0.146") with 

wide ran6e ot available P (8 to 50 ppm). Phosphorus 

application resulted in slgnl~1oant increase in dry matter 

production. strong and Barry (198)) in a pot experiment 

scudiad the effect ot 32p labelled phosphorus under 

different moisture regimes on growth of tops and roots 

of rape and .whaat. Phosphorus applioation d1d not 

influence the tops growth ot rape both under dry (lOll 
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water concent ranging from 0.25 to 0.33 g g-1) and wet 

regimes (soil water content ranging .tram 0.33 to 0.42 

g g-1). The relative gro't'lth response was greater on 80il 

low in P than one having medium P content. In unfertilized 

soil, rape pro wced larger root system in salls having 

high P content (24-33 ppm). Fert!11 zer applicatl,Jn 

increasad thd overall rootmass under dry and wet regimes 

in P deficit so11. In rapeseed (Braaa1oa cam~estris 

var. yellow sarson), Mudholkar and Ahlawat (1981) observed 

increased plant height with phosphorus application on 

sandy loam so11s at Slrsa. However, differences between 

40 and 80 kg P205 ha-1 o'Iere not signiflcant. Dry matter 

accumula.ti,,:>n p~r plant also increased significantly 'With 

increasing levels ot P2'J5 upto 80 kg ha-1• While Mondal 

and Gaffer (1983) did not observe any marked effect 

ot phosphorus on growth ot mustard. 

'rh~ work done in Canada by Soper (1971) showed that 

the raspollS8 to phosphorus applioation in rape was 

quadratic. When the soil P content was more than 10 ppm. 

there was no response to added phosphate. Joshi!l 11. 
(1973) obtained higher seed yield upto the application or 
50 kg P2U.5 ba ... 1 on loamy sand soils ot Dul"gapura.. There 

was no difference in stalk yield due to phosphorus appli­

cation. Shan and Singh (1974) opined that 20 kg PZO, ha-1 

was sufficient for Agra region. However, tor oentral 

r.ract of Uttar Pt."adesh. 25 to ,0 kg pio, 11 .. - 1 1. 
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recommended fo!' maximum yield (Bhan and Singh, 1916). In 

I\ustralla. Osborne and Batten (1918) recorded increased 

seed 1n Brassica napus with drilled superphosphate on 

sites with low to medium level of available P. \ccording 

to Singh (1978). the rate of phosphorus varied .trom 2.5 

to 50 kg P2J5 ha-1 tor r\peseed~ustard provided organic 

manures are appUed in sutficient quantities under 

irrigated conditions. In Sweden. Monoz (1979) stated the 

need of applying 100 kg P ha-1 tor Spain and Tower varieties 

ot rapeseed. In Canada. Sheppard and Bates (1980) compared 

the five levels ot P ranging from 0 to 100 kg ha-1 applied 

as broadcast with or without 7 kg P ha-1 banded below the 

seed on ~r¥sic~ sapu!. Though the response was upto 100 
-1 kg P ha • the apparent yield increase tro:n 50 to 100 

kg P ha-1 was not signi.ticant. Yield response to broadcast 

P was eliminated when 7 kg P ha .. 1 was banded below the 

seed whereas 25 kg P ha-1 broadcast was required to produce 

oomparaole yield in the absence ot banded fertillzer, Rape 

reapondecl upto 25 kg P ha-1 when the 8011 teat value va 

10 ug oc-1• Working with yellow sarson, Mudholkar and 

Ahlawat (1981) reported that phosphorus application had 

favourable etfect on dry matter accumulation per plant 
-1 ' 

upto eo kg P2J, ha • However. seed yield response was 

not significant beyond 40 kg P20, ha-1 • The relationship 

to seed yield and phosphorus application was quadratic 

in nature, the optimum economic dose being 66.9 kg P20, ha-1 

with a net return ot Ra ,67 bll .. 1 • Vir and Verma (1981) 

obtained b1jher , .. d yield of runted. Jllustard with the 
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-1 
applicat~~n Of jO kg P2J5 ba and higher dose of 60 kg 

reduced the seed yield. In th·, basis :.>f OVer 10 year 

trials in the United Kingdom, '\rchar and Vaidyanathan 
-1 (1982) recommended 40 kg P205 ha :tor yield more th~ 

250 kg per hectare with so11 f' index or 1-2. For !'iel.ds 

with higher yield potential, 60 kg P2J,5 ha-1 was recommended. 

'rhe data from the A.ll Indi8. Coordinated ·'5T.:Joom1c Research 

f'roject experiments on cultivators' fields r~'vealed that 

application of 40 kg :~'205 ha-1 gave an additional response 

of JOO kg ha-1 over 60 kg P2V5 ha-1• The response to P was 

mor's in Manipur, Bihar, Haryana and Gujarn.t (rilla1 !:!t .!!!. •• 

1984). Kana £.l~. (1984) conducted 62 qnd 53 single 

replicated trillS far two years in succsssi:)n (1980-81 

and 1981-82) ::m ._;roun-inut and ra.y-a, respS!ctively, on 

cultivator;3 f fiel,ts in ROpru- :rod Patlal~ districts ot 

Punjab. rhey found the combination of 20 or 40 kg P205 

ha-1 with different rate$ ~f N (20, 40 and 60 kg ha-1) 

til~niflcantly improved the raya seed yield over their 

inJi~iduAl applica~lons. Christensen et al. (1985) -.-
report.ed increas~d yle ldS of mustard in phosphorus de!l­

ciant soils. Dhillon and Vig (1985) C~nducted field 

experiments On raya at cultivators' fields in Ludhl ana 

di3trlct ot Punjab during tab. 1982-83. rhe available 

phosphorw::) status of soil was ranging between 7.2 - 12.5 
-1 k.e; ha • The applicatL.m of phosphoI"\lS increased the ::)e~d 

ylalQ and ~conomic optimum dose found,was 40 kg P20, na-1• 
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No response o£ mustard 'to phosphorus was report~d 

by many workers (S1ngh and Tomer, 1971 J Patel !i .!!!.., 1980, 

Chaniara and Damor, 1982 and Monda! and Gaffer, 198.3) 

probably due to medium available P status of soil. 

R8sponse to phodphvrus varied depending on soil type, 

varlety and locations. 

2.1.3. gya+~ty.o' see~ 

The 011 content ot seeds o~ ~~§ic! v~ia8 

c.:>nsiderably and it depends on nutrition, we~th~r condi­

tions during ripening stage ond degree ot maturity ot 

seed at harvest. The reports on the ef!'.Jct of phosphorus 

on oil content are contr~tctory. Phoaphorus app11cgtion 

has been found to improve th~ oil content (Qupt~ ~ !l., 
1972 and Vidyapathlroy II .§.1. •• 1981).. Hot/aver, appUoa­

tlvn of P did not lntluence the 011 content in many 

studies (Monoz. 1979 and Sheppard and Bates, 1980). In 

Australia, OsbOr.ne and Batten (1978) rucorded increased 

oil and prote~n yield in Btasa!oa niPHI with drilled 

superphosphates on sites with low to medium level of 

available P. According to Vir and V~rma (1981) t there 

was no consistent affect of P on the oil content o.f 

mustard. 

2 .. 1.4. N~f1eDt ogat;p.t Md upt!l£& 

Rae z .Ii!J:.. ( 1965 ) studied the phos phONe utili za­

tion by rape. flax and wheat on tallow and non-tallow 

s1te8. They found lncreaaed P oontent by addition ot 

pboaphorus tert1l1zer. Rape contained the hign •• t 
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percent~~e ot P at 21 days after seeding which decreased 

wi th .advancement of m lturity. The P content i):f the plmt 

material produced on the fallow site was generally higher 

than in plants growth on the non-fallow s1 te. Phosphorus 

application also increased P cJntent in seed. In green 

h~use studies, Vlrmani and Gulati (1971) used monocalclum 

phosphate labelled with 32p to study the uptake and uti1i­

bation Qf' soil and applied phosphorus by mustard and 

found that phosphorus application significantly improved 
, 

the ylclld and total pho::)phorus uptake. Mehrotra!l..!J... 

(1972) reported increased P content and its uptake with 

addition of phosphOrus upto 22 kg PaO, ha-1• They 

observed increase in P content upto br3!lch!ng stage and 

it declined thareafter. Bhat and Ny-e (1973) compared 

the amount of P taken up oy rape on ~ pretreated sandy 

loam w1th that removed from the 8011 through autoradio­

graph ot depleting zone. fhe P gradient around the roots 

indicated intense root actiVity aut the 20ne at depletion 

extendeCl well beyond the tips of root hairs. ~ocording 

to Bole (1973). root hair clensl ty increased with phos­

phJru8 application but so11 P uptake was not closely 

related to root hair length in any of th~.:' P regimes. 

The ro-:>ts Qf rape virtually .ievoid of root hairs took 

up 2 to 6 tim~s as much soil P per unit length 88 the 

wheat roots wl th root hairs. J08hi·ll.!!.. (1973) obtained 

inCr8a8ed P content of pl~nts with increased levels or 

phosphorus a~ all growth stages. A..".a11atil~ P oontent ot 

so11 increased w1th phosphorus app11~at1on both at 30 and 
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60 days 3tter sowing. The available P values were slightly 

low at 60 days indicating thereby compFlratlvely higher 

uptake ot P by mustard. Application of phosphorus also 

resulted in increased P uptake.. Sheppard and B~tes 

(1980) reported that phoSPh~rus fertilization did not 

affect N concentration. Leaf' P concentration increaaed 

with P fertilization trom 0 to 25 kg ha-1 but higher rates 

l'Hld llttle et!ect. Tne critical lea! P concentration 

was as low as 0.2% and P concentrati,:>n at 1~ t'lowerlng 

was not critical to seed yield. While comparing the P 

uptake of wheat and rape using labelled phosphorus. 

Strong and Barry (1980) found increaaed total phosphorus 

uptake by roots and tOPti with P tertilizatlon in soila 

low in P content. The recovery ot fertilizer phosphorus 

was also more in such soils. The higher concentration 

ot rape roots (O.27~) tban 0:[ wheat roots (0,074") 

resulted in the presence ot a. greater quantity at phos­

phorus in the root system of rape than. that in wheat. 

Phosphorus in the root system of rape was 1'-2~ Qt the 

total as compared to only 0-1'" in wheat. In ra1~ed 

mustard, P application had no attect on the N content 

ot the seed and stover. P conoentration in both seed 

and stover inoreased with P applioation and this increase 

was significant upto 30 and. 60 k.g PaO, ha-1 in seed and 

stover, respectively. '\'Pparently. the translooation ot 

p trom stem to seed was poor under the hil~er dose, The 

uptake ot N and P in seed. and stover followed Similar 

trend. Dhillon and ViS (198.5) oba.rved that appUcat10n 
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of ~hosphorus improved th~ efficiency ot applied nitrogen. 

'fhd magnitude of phosphorus absorption by :3 }ej and stover 

decreased with increase in the level of P beyond 30 kg 

-1 ( .E-2J5 b.a Vir and Verma, 1979). 

2.2. Sole chic!sPea 

PhosphontS to legumes is (l8 importf3llt U nitrogen 

is to cereals. Its importance 1s well emphasised by 

Russel (1970) accOrding to whom the most limiting 8011 

nutrient to legume crop is phoSpborua. Phosphate 

defic1encj 1s the key factor for poor yields of pulse 

crops on all soil types and phosph~te application to pulse 

is the basis ot manuring of pulses (Sar~;t. 198.3). Chiokpea 

is no excapti.:>n to th1s. Legumes re quire large !Dount ot 

this nutrient, not only tor their growth ~nd development 

but also tor £1xati~n o£ atmospheriC nitrogen in their 

root nodules (Graham and Rosac. 1979). 

Reviewing the work done in India.. Mahapatra !! ale 

(1973), Praaad and De (1981) and Sara:t (1983) op1ned that 

phosphorus fertilization was the first step toward. 

increasing pu1se production. The influence ot phosphorus 

app11catlvn on chickpea have been briefly reviewed under 

the following he.ad.s 1 

2.2.1. r,anl. ~h 
Singh (1971) studied the response of chiokpea to 

phosphorus applioation on sandy loam soil having O.~ per 

cant total phosphorus at Varanasi (U.P.). Phosphorus 
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application was found to increase mqrkedly the root dry 

wei6ht, plant height, fruiting branches per plant. lea! 

dry wei,)lC. Rathi and Singh (1976) conducted trials at 

Meerut (U.P.) on loamy soils of low fert1lity ~d observed 

tl1.at there was significant increase 1n number o:f branches 

per plant. In -3. field trial under dry conditi.j1lS of 

Stavropol province (USSR). Sysoev (1978) observed that as 

the chickpea plants do not form nodules under very dry 

condltiwOB, pre-sowing application o£ ammophos is necessary. 

It increasad thd plant; height. leafiness and leaf' area 

by 200-300 ha-1• S1ngh n~. (1983) reported from Varanaai 

(U.P.) -t;;h',lt the economic optimum rate ot phosphorus was 45.4 
-1 kg P2V5 ha tor better growth of chiokpea. Das (1965) 

ob~ained good rS3ponse of tall chiCkpea to phosphorus 

application, on sandy 10801. alluvial 80ils ot I~RI, New 

Delhi. Phosphorus a.pplication h'ld sign1.t1C911t influence 

on growth characters of chickpea. Raju and Verm~ (1984) 

conducted experiments at Varanaai eU. P.) under ra1~ed 

conii tion on s andy claY:: loam 80il h.aving available phos­

phorus 11.5 kg ha-1• There was a s1gn1tlc'mt increase in 

growth characters with the increasing rate ot Phosphorus 

application. Dravid !i~. (1965) oonducted pot culture 

experiments at I.W, New Delhi and opined that application 

of phosphorus, either alone or in com.bination with zinc, 

enhanced th,'D dry matter production over control. The 

.tialJ experiment was conducted at Hissax'" (Haryana) on 

sandy loam aoi1 having available P tS.2.5 kg ha-1 by 

Borgohain and Agarwal (19a6). 
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The .frui tin~; branches per plant were increased to 
-1 14.05 and 28.5~ due to 40 and 80 kg P2J5 ha over control • 

.\ large number of experimental findings showed 

positive response of Chickpe~ to phosph~te application upto 

50-75 kg P20S ha-1 (Chowdhury ~ ~., 1975; Sharma.!l &., 
1975; Rathi and Singh, 1976; Aulakh and Pasrlcha, 1979; 

s uryaw anah1 and Choudhurl, 19791 Chandra !l !ll.. 1983, 

Singh !1 ~., 1984). However, few workers have reported 

no response to phosphorus application to chlckpea 

(SI'1vaatav~ and Singh, 1975; Raikhelkar II .!l •• 1977, 

Dhingra and Kolar, 1979; Prasad and Sanorla, 1981). 

,jlngh (-1971) studied the responae of chickpea. to 

phosphorus on a sandy loam 8011 h:\V1ng 0.054 per cent 

total phosph·.)rtlS at Varana.sl (U.P.). The increase in level 

ot photsphorus upto 67.5 kg P2U, na-1 enhanced chickpea 

yields significantly. Rathl and Singh (1976) .from their 

trials conducted at Meerut (U.P.). on loamy soils o! low 
-1 !ertil1ty obtained good response upto 75 kg P20, ha • 

There was significant iricrease in number of pods per 

plant, 1000-grain weight and grain yield per plant. Working 

on sandy loam soil of Sirs a (Haryana). Mudholkar and 

Ahlawat (1979) reported that the response to applied 

phosphorus was ot a leaser magnitude, ~elng 4.3 and 5.0 

kg grain par kg of phosphorus at 40 kg P20, na-1 and 4.4 

and 2.1 kg kg-1 of phosphorus at 80 kg P20, ba ... 1 • 

respectively during 1970-71 and 1971-72. The av:ulable 
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phosphorus status ot the 8011 in the respective seasons 

-1 4 6 -1 was 11,7 kg P2J5 ha and 1. kg P2J" ha • Suryawanshi 

and Chaudhurl (1919) reported increased chickpea yield, 

pod number and 1 ODO-grain' weight by phosphorus applic ation 

a.t Parbhani (Mah.arashtr~) under rainied condi tiona. 

On a sandy loam so11 having 13.4 kg ha-1 available 

phosphorus at Delhi, Singn !1i.!l. (1980, ,) reported positiv. 

yield response to phosphorua upto 30 kg P ha-1• The 

yield components that were significantly irttluenced by P 

application were the number ot poda per plant and weight 

of pods per unit area. Kala!!l. ..... (1982) Obtained 8.0 

q ha-1 ot more chickpea yield by applying 40 kg F20, ha-1 

over control under rainfed conditions at Ludh1ana. (Pun;)aO). 

Working on red black soil ot Rewa (M,P.). DiXit n.!l. 
(1983) observed that P application upto 80 kg ha-1 result~d 
in o\)nsid.eraole improvement in y1eld attributes. Das 

( 1985) obtained good response of tall cl'lickpea to 

phoaphl)X"US application, on:_,.andY 10_. alluvial. loila 

of IARt. New Delhi,. Phospborus applioation hM 8ignJ.t1c~t 

1nfluence on Yield components and yield. 

A. field experiment WM oonducted a.t Durgapura. 

J aipur (Rajasthan) by Shut_at and Sharma (1985) to 

study the response of ohickpea varieties to seed rate and 

phosphorus on loaay sand 1011. Different levels of pn08-

phorua exerted slgn1t1c~t eflect on the grain yield of 

ohickpea as cOllpared to control. Increasing levela of 
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phosphorus did not influence the grains per pod, however, 

test weight was increased significantly. Singh!! al. 

(1984) conducted a field experimen'c on calc::waous sandy 

loam soil with available phosphorus 8.9 kg ha-1 • 4pplica­

tion ,)f 17 kg P ha-1 signit1c mtly increased the number of 

pods per pl-mt and 1000-grll1n weight over control. The 

rclla~lonship oetween grain yield and phosphorus levels was 

quadratic 1n nature. 
-1 out at 26 kg P ha .. 

The economic optimum dose was worked 

Yadav at 81. (1985) conducted field --
experiment during winter seasons .)! 1 :77-78 and 1979-80 

on sandy loam soil having availabla phosphorus 13.6 kg ha-1• 

Increase in phosphorus from 0-30 kg P20S ha-1, increased 

the yield significantly 1n both the seasons. Working on 

sandy loam soil having available phosphorus 21.25 kg ha-1 at 

Falzabad (U .. P.), Singh and Yadav (1985) observed that 

application ot phosphorus upto 80 kg P2V; ha-1 ,resulted in 

significant increase in the number ot pods per plant, 

number of grains per pod, grain yield and straw yield 

while test weight increased upto 40 kg P205 ha-1• Similar 

results were reported by Dobarlya .al.!J.. "( 1985) Arvadla 

and Patel (1985) conducted £ield experiment on clay soil 

having 24.78 kg available phosphorus ha-1 at Navsari 

(Gujarat) and reported that application of phosphorus 

significantly increased the nurnb~r of podS per plant and 

grain yield per plant. However, number of grainS per plant. 

test weight and fodder yield were not significantly 

influenced by the phosphorus application. Working on 
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_~ -1 
clay 8011 having 8vaillSUle P20, 22 kg ha • Kushwaha 

.tt.;1.. (19a5) obaerved that increaa1ng levels of phosphorus 

from 20.SO kg P205 ha-1 caused a progre8sive increase in 

chickpea grain yield. Borgohaln and. Agarwal (1986) 

conduoted :Cield experiment on sandy loam s011 having 

available phosphoroa 15.25 kg ha-1 at Hissar (Haryana). 

They reported that application of 40 end eo kg Pil, b,a-1 

caused 13.7, 21.6 and 20.1 and 40.0 J)er oent increase in 

grain Yield. 

The role of phosphorus in proper development of 

plan t roots and nl tro gen fiXing bOdule. is well known 

whicb a;ttect nutrient uptak&. 

The nitrogen oontent as well as the amount of 

nitrogen fixed in nodules ot legume plants wu found to 

be higher with phosphorus nutrition (xnare and Rai .. 

1968). Sharaa and Yadav (1976) obaerved at Kamal 

(Haryana) that the effect of phoaphorua tertil1 zat10n waa 

more pronounced on phosphorus uptake. The sucoessive 

doSdS of phoaphorua increased. its accumulation at all 

the stage. ot growth. Tha uptake ot N and P by ohickpea 

haa been •• timated to vary trom 61-143 and ,-10 kg ha -1, 
respectively, depending upon the orop growth conditione 

(saxena and Sheldrake, 19n). Jain (1978) observed that 

phosphorus appUed at 7' kg PaO, ha-1 signit1cantly 

1ncI'8aeecl .the· uptake of n.i:brogen. phoaphOI"Wl 
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t11d pot'3B!:lium, the magnitude of Increqst'l b·,in_£ 24, 36 and 

l~j p,~r cpnt, res_;)ectively, over control whjch removed 123 

k,::', ~, 15.3 kg F2J j Md .58.9 kg K2,) hq_-1. Singh II &. 
(1978) w~rk1n6 on sandy loam soil of Agra (U,P.). h~ving 

m-.::.:ii.m available phosphorus status, reported that the 

photiph0ruS uptake of cnickpea increased with increase in 

levels of phosphorus applica.tion from 0 to 120 kg P2JS ha-1 • 

In pot trials with chickpea, Raut and Ghonsikar (1979) 

report;ed :trom Parbhan1 (Maharashtra) that the amount of 

F derived from the fertilizer increased with incre~ing 

levels of applied p. The utilizati::>n percentage of applied 

p d~creased with iea increasing levels. Srivastava 

and V1.rm I (198j) repurte i an overall improvement in the 

upc.ake of nitro.;~en md phosphorus md in the quality of 

le~ume with the applic~ti;,)n of phosphorus. 

Singh ~~. (1984) conducted a field experiment 

on a calcareous sandy loam soil having ~vaila.ble 

phosphorus 8.9 kg ha-1• Appl1cati~n of 17 kg P h~-1 

si5niflcantly increased the P-uptak'9" OY·.?r' control. Pr1Saci 

and Sanorla (1984) opined that applica~ion of 100 and 

150 kg P2.05 ha-1 increased the N and P in straw. 
1f 

qavid 

~~. (1985) conducted two seta of pot culture 

expdriments at I 00 • New Delhi and found application o£ 

phosph~te carrier either alone or with zinc gave higher 

values of P-uptake in all the soil situations OVer control. 

Utili zati';)n ot phosphorus was more when phosphorus and 

zinc were applied together. Mahajan!l.&1,. (1985) 
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c~nduGt~d a ~ield experiment at Jabalpur (M.P.) on clay 

soil h:"lV'ing available phosphorus 8.9 kg ha -1. There was 

signitlc~t dffect in the P-uptake in grain, straw and 

toea! dry matter with the increasing fertility status of 

soil ~d phosphorus levels. Phosphorus derived trom 

f:~rtili"er in grain, straw and plant decre.:3Sed signifi­

cantly with the increRSing fertility status ot soil. 

,jimilc:tr findings were reported in soybean (Mahajan II &. , 
1982). However, per cent phosphorus derived from rerti-

11zer in grain, str9.w and plant increased significantly 

wiCh every suCcessive increase in phosphJruB level. This 

finding also confirms the results reported earlier by 

Sln5hania and GOSWOOll (1974) and Rastogill&. (1981). 

Utilization of phosph·:JruB in grain, straw and plant 

decrtased significantly with incr~asing fertility status 

of 8.)11. While soil phosphorus uptah:e in grai.n, straw 

and plant increased sien.tficmtly with increasing ~ertility 

stacus of soil and phosphorus levels" This result supports 

'the vi-aw reporttttd earlier by Singhania and Goswami (1974). 

Mahajan and Blsen (1900) and Mahajan !! oU. (1962). 

Roy and 'rripath1 (1985) conducted experiment at culti­

vators f tields in the alluvlUDl belt of the south 

western region of West .s~ngal during 1980-81 and 1981-82 

vn s andy loam soil having 0.06% phosphorus. In general t 

75 kg P2J5 ha-1 increased the nutrient concentration both 

in grain and straw in both years. However, it was at p~ 
. -1 

wi~h ?O kg ~2J5 ha in P and K concentrat1~n in str~ 
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durin5 th~ second year ~d in K concentrati~n only in 

th~ first: year. Das (1985) also reported that the 

phosph:lrtlS appllcati.Jn Stlowed the high'.~r uptake 0 f N, P 

and K by chickpea CI":)P at different stages of growth in 

graln, stalk as well as in wh:lle plant. Mahajan ~ ~. 

(1985) in a .field experiment on vertisol at Jabalpur 

(M.P.) using 32p labelled superphosphate CO study the 

up t;ake and utilizati.)n of so11 and fertilizer P by gram 

under different phosphorus levels, observed that the 

total P uptat~e by grain, s'traw and tot 31. dry m'3.tter 

increased significantly with increasing P levels. 

2.3. MUBtarg ~d cijickpaa intercroppi n5 s~tems 

Saxena and 'ladav (1975) reported chickpea with 

toria t sarson or mustard to be the common mixture in 

raint'ed agriculture in north India. The studies on 

phospnorus fertl11zatiJn in 1ntercropping systems was 

meagre, but !). sincere attempt has been made to review 

the influence ot Int.ercropping systems on the growth, 

light interceptIon, yield and yield attributes, quality. 

nutrient content and upcal-:e and yield advantages. 

Wherever information on proper intercropping systems 

were not suffioiant,other related lntercropplng systems 

are al81) taken into consideration. 

GanclSS &ran and Girt (1985) conducted the field 

experiments to asseS$ the seed yi,~ld and competltl J-' 
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~bility of associated crJp species in binary compositions 
, 

with mustard 1n different proportions (1 row 'J! mustard 

alcarnac8d with 4, 6 or 8 rows of chickpea, lentil. 

oarley) under dryland conditi?ns of semi-arid tr.)pics 

.:;f north India. The dry matter of mustard was adv·:~rsely 

affec'l;ed more with barley than '11'11 th chickpea or lentil 

association. Mandal et ale (1986) conducted the experiment --
at Kalyani (West Bengal) on sandy loam 13011 having 16 kg 

av tilaole phospn'.)ru5 ha -1. Wheat and chlckpe;!\ flowered 

2 and 9 days earlier in mixed stand than when grown 9.8 sole 

crops. Chickpea matured 12 days earlier When grown ;'35 

'm intercropr>ing with wheat. 'Llhera was n0 significant 

difference in leaf area index (L:\I) at 60 and 70 days 

aftdr sowing (D;l,..;.) between wheqt + chickpea. And wheat + 

mus'Card. But at tll..:! subsequclnt growth stages wheat + 

chickpe8. had sign1.fic :mtly higher LA!. Higher LA! had 

been reported under intl~rcropping systems (Lin ~ al •• 

1981 J Kundu and Chatterjee II 1982)'. 

Reddy and Willey (1981) concluded that the dry 

mattdr yield advantage of the intercrop was due to 

improved efficiency of conversion of sunlight. Kumar 

and Singh (1987) conducted field experiment at Pantn~gar 

and. ..)oserved that !ntercropping or mustard with gram 

resulted in reduction ot number of brancnes per p~ant. 

H..)w~vert dry matter of 1ntercrop was significantly 

affected by intercropping treatments. 
\ 
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2.3.2. Light interception 

Light pl,'3,Ys an important role and 1s instant:m­

eously available tor interception by crop pl~ts to be 

Simultaneously ut1.Lized for ph..:>tosynthesis (Donald, 

1961). WiJley and Roberts (1976) remarked that light 

io:} the most imp..)rt-mt growth resource and emphl3Sized 

needs for its uniform and efticient utilization by inter~ 

crops. 

rhe studies made by Willey and Roberts (1976) 

s!lowed th~r; at optimum plant densities. sale crops 

att'~ined 3. peak value ~:f light interception md left 

litcle scope for greater spacial interception by 

in~ercrops. Similar observations were made in one or 
thi:l experiments conducted at ICRISAT, Hyderabad on 

sorghum-p1geo:ipea 1ntercropplng system (Willey, 1979) • 

. \lthough the total dry matter yield was more and lea! 

area index was slightly better, the peak light inter­

ception ot 9O~ was almost identical to th2 sale sorghum 

crop. Sheldrake and Saxena' 1979) stUdied effects of 

shading on chickpea canopies during ;ha reproduct1ve 

phasa at ICRlSAT, Patancheru and noted 50% reduction in 

photosynthetically active radiation (PAR). 15% increase 

in yield and delay in senesoenoe. This they asoribed 

to shading whiCh reduced stresses that were accelerating 

the senescence process. The light intensity was assumed 

still to be near saturati.)n. Further reductiJn in light 
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in~en~1ty delayed sene~cence even more but also reduced 

y1~ld. fhe sam~ work~rs o)served at Hisssr (Haryana) 

later (.saxena and Sheldrake, 1980) 9. signit1c;lllt reductL)n 

in 11e1..i in all chickpea cultivars even when only 25" of 

sunligh t was intercepted. :\ dr!lS tic reducti')n in tot'31 

dry mqtter, h;rrvest index, pods per m2 and seed per pod, 

however, occurrej at 84~ light interception. 

At frin1dad (West Indies), Hughes ll!!. (1980). 

(1981) studied the effect of change in the light inter­

ception durinJ growth period on productivity o~ plgeonpea. 

They found that light interception was low during aerly 

stacie which increased continu:>usly till the crop attained 

marlmum leaf area index (LAI). In early types, the 

interceptiJn was ,50% at LAl 1, and it became 95" at 

LU 4.4. I t was also found that pigeonpaa Yield was 

directly related to the length ot time for which light 

was continuous on the le at oanopy and the 1e at are a. 

index (LAl) attained by it that ti:ne. -I.t was also stated 

th:it when plant denslt;ies increased from 2,00,000 to 

6,00,000 plants ha-1, there Vias an inorease ot 15% in 

radiation intarc&ptiJn, but in no case the efficiency 

of conversion of intercepti2'd light to photosynthetic 

assimil,~te exceeded 2~. Similar results were obtained 

by Keating 2.t!l. (1900) and S1nha and Savitrl (1978) • 

.rhese .:luthors pointed out that efficiency at Ught 

utili~ativn by crops and the ultaate inorease in grain 

yil:tld, depended largely on the moisture available in so11, 
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especially during the reproducti\f~ phase of th" crop. 

In chickpea th~ level ot' production of asslm1lat~1g 

seemed ~o determine its seed yield, high ph~toaynthetic 

rate at the stage of flower bud in! tiation increased the 

nUiuoer of pods/plant (Mehrotra!1.l!.. 1981). They 

turther remarkad that net photosynthesis during srain 

development and the leaf area index at full blo:Jm stage 

determined the difference in biological yield which was 

positively correlated with test weight as well as the 

saed numoer per pod. 

The total light intercepted 1n the intercropping 

system (pigeonpan + groundnut) 'daa hlgh,?r that'"! pure crops 

(Pareek, 1987). The advancages in dry matter yield ot 

intercro:r; was due to the impr..)ved efficiency ot conversion 

of light into higher amounts of 3Ssimilfltes and not 

due to higher incercepti"n of sun light (Reddy and. Willey, 

1981). 

Keating !.l!!.. (1980) found a non linear 

relationship between dry matter yield and amount of 

solar radiati:Jn intercepted. Th.ey iliad. a more intereat1ng 

observation in th at, the harvest index ot early maturing 

pigeonpea types, remained constant at 43 per cent 

interception of aunligbt. 

2.3.3. X.@ld and yielg ~t£ribytes 

Experiments at IARI. New Delhi (Anonymous f 1970) 

reported that mustard gave higher yield over its sole 
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s c:md when 1 t was raised wi th ch1ckp~::}. 1n ~ row ratio 

~Z 1:1. Saxen~ and Yadav (1973) reported ~hat chlckpe~ 

st?ld')m gave as larg~? yield as a pu!'e crop when it was 

in"t8rcropped with Bras.s1ea eamp",'s1(r1s var. toria in 

alternate rows. It was alao found that the magnitude 

of c::>mpetitivn between chickpea and Brassiea spp. was 

l')wer than b~tween .arassica spP .. and lentil. At Bawal, 

Singh (1981) oo'tained :3. total yield advantage ot over 

70% when chickpea was interctopped in paired rows or in 

alternate rows with tort9,. He also observed that 9. change 

in the row ratioEj of a1 ther crop gave over 41% increase 

than th,~ sole chickpea. experiments oonduoted in 

drylandS under 'the \11 InJia Coordinated Research Project 

f:)r Oilseeds (AlCRPJ t 1983-84) at Pantnagar, Kanpur and 

Dur~apur'1 showed chickpea + mustard 1n 211 and 111 as 

the best system. It g'1ve the high chickpea equivalent 

yields than other systems viz" )11, 411, 511 and 6:1 

rfJW ratios. 

Gan~~aran and Gir! (1985) conducted the field 

experiments to assess tha seed yield and competitive 

ability of associated crvp speoies in binary compositions 

with mustard 1n different proportions (1 row at musta.rd 

alternated with 4, 6 or 8 rows of chickpea, lentil, 

barley) under dryland conditions of semi-arid tropics 

01" north India. Higher yield advantage was in 1 z6 

row rat;;io of mustard + chiokpea or barley in dry seYon 

and in 1:8 row ratio ot muatard, + barley in vet a._on, 
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C0r.1petit1ve ability 0; mustard was higher in all crop 

combinSltions and. proportion. The grain yield of 

chickpea and barley were not afteated much by inter­

cropping vis-a.-vis the yields recorded from 801e crop 

stands in 1979-80. But 1n 1980-81. the differences were 

siJni.ficant • more being .trom sole crops. The yield of 

mustard decreased more 1n association with barley and 

less with chickpea and lentil in 1980-81. The grain 

weight and number of grains per plant thaI: the yield 

components ot mustard were adversely a.:ttected more with 

barley than with chickpea or lentil ysooiation 1n 

1980-81 with normal rainfall. In dry year (1979-80) 

the yield Qf chIckpea. and barley were not af':f'ected muoh 

in intercropping system. ~hlawat!!S.I:1.. (1985) conducted 

experiment at IARI, New Delhi and reported that pure 

.scand of both semi-spreading (BG-209) and tall (HG-218) 

chickpea cult! VaI'$ gave markedly higher grain yield 

than their mixed stands with different planting patterns 

i.e. BQ 209 and HG 218 in alt$mate rowa, BG 209 + 

HQ 218 in alternate paired rows and sa 209 + HG 218 

seed mixture in 111 ratio. The reduction in yield was 

more oonspicuous when b.::>th the cultlvara we:r.e grown 

together in alternate rows. 

The results of experiments on crops like. 

p1geonpea + greengram/blackgram (Giri and De, 1977). 

cotton ... satt'lower/s8sane/greengram/cowpea (Nagre, 1979) 

and satflower ... cowpea (Willey and Rae, 1981) indicated 
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no decrease in the yields of dominant base crops, 

raised with the population rates, the yields ot the 

less competitive intercrop was improved at its higher 

plant densities. studies made by Chowdhary and. 

Misangu (1981) on sorghum (l:.!21) + cowpea showed large 

reductions in chickpea yields without affecting the 

sorghum yieldS. Pothiraj (196') conducted the field 

experiment to study the suitability of wheat, satflower 

and. coriander as intercropa with chickpea. The normal 

planting with 1 row ot intarcrop gave the highest 

yield of chickpea equivalent ot 6a8 kg ha-1• Among 7 

intercropplng systems, chickpea + satflo'Wer 88 inter­

crop gave 944 kg ha-1 ot chickp€a equivalent and '1188 

found, superior to other intercropping systems. Kumar 

and Singh (1987) reported that gram yield was highest 

in pure stand and decreased 1n all intercropping 

combinations wi th mustard. Mustard yield was also 

maximum in pure cropping and deoreased. in other 

treatments, 

The information aVailable on qualit.y (oil and 

protein) ot mustard and ohickpea, 8S influenced by 

inte.l.~cropping systems is relatively leaa, So informa­

tion published in other arop. 1s also reviewed. 

The 011 was slightly higher when auatard "'U 

interoropped with potato and. it ranged between 39.7 and. 

45.7% (AICRPu, 198.;-84). In 8I'1Otbar exper.1aeJlt cOMuotad 
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by UCd.pj (1983-84) no change in oil was noted when 

wneat and mustard were intercropped in 911 row ratio. 

M against this, Jana (1965) noted improvement in 

protein when planting geometry was modified. A higher 

protein content between 19 to 21% was reported 1n 

different mustard. cultivars by Gangaaaran and De (1979) 

under runted cvnditions 0:£ IAFtI. New Delhi. 

Nutrient uptake oy crops raised alone or in an 

intercropping systam is controlled by availability ot 

water 1n root zone. It is assumed that oompon·:nt crops 

vlhen raised alone explol t different 8011 layers and 

when grew in association exploit a greater totg,l 

vJlume of SOil. fhls was considered by some workers 

(£renbath. 1974), the possible cause ot yield advantage 

in growing some crop mixtures. The differences 1n 

rooting pattern could occur, because of tendency ot 

roots t~ avoid overlapping in rooting growth mutually, 

The crop thus, avoids areas that have already depleted 

reSJUrCeS (nutrient and water) by an asSOCiated crop. 

Xhere 18t however, evidence to show that component 

crops having deep roots may torce its roots even deeper 

by tha presence of shallow ro.Jting components 

(Whitlengton and Obrien, 1968, Fiaher, 1976 and 

La.kb.ani. 1976). 
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up cake of nutrients was 1,_,,88 than halt (38 kg 

ha-1 ) to that ot pure pigeonpea when it Wad lntercropped 

wit;h sorghum (Kumar Reo !S .!!.., 1983). Wahua (1983) 

also made similar observations in maize-cowpea oropping 

system. Raducti..)n in uptake by 1.ntercl"Op 113 due to 

ito poor competitive ability than the oase crop 

(NaCarajan and Willey, 198C)" and Kumar Rae !.1i..!!., 1983). 

Amarchand (1975) did not note any adverse effect 

on biological yield and nitrogen uptake in a plgeonpaa 

based system. The N content in ditferent parts of 

.field oean at all the stages o:! growth and a.t harvest 

was drastically reduced when water was in short supply 

(Faraha, 1981). 

To jUdge whether crops ahould be grown as inter­

crop component.s rather than sole crops. land equivalent 

ratio (UR) as a measure 1s otten uaed. In_interorops 

of legumes with non-legumes, the legume usually obtaiM 

much of i t.s n1 trogen by ;fixation ot molecular llJ;trogen 

whereas the other component exploits the NO, - and MH4+ 

of the 8011 solution" On soils deficient 1n available N. 

legume-non-legua_ intercrop systeaa a., achieve higher 

LER ahowing le glDe cODlponents sa D&Or8 uae1'U]. (1'renbsth, 

1976). 

Saxena a:..lj iadlAv (1~73) r-eportec'. that ohickpea 

aeldom gave .. lax-gEl y1eld u .. pure Qrop, "bUt When it 
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'wa5 intercropped wi th BrMs1ca campestr.s var. :\9r1&\ 

in alt~rnate rows resulted in higher chickpea equiva­

lents. Singh and Bajpa1 (1982) obtained highest net 

pro.t.1t when mW:ltard and Chickpea were intercropped. 

Gang'lSaran and Gir! (1985) reported that 'the total LEH. 

at all the spatial ratios in mustard + chickpea system 

and in 1:4 and 1:6 spatial ratios in mustard + barley 

system Wa:! recorded to be more than unity. 

An intarcrop or chickpea and ss.!.tlower 1s more 

remunerative than e pure crop ot either chickpea or 

safflower (Willey and Rao, 1980). rhere was superior 

productivity and prof.1tab1lity of chickpea + safflower 

intercropp.1ng over the c~nvent1onal practice ot growing 

chickpea alone (Itnal n.!l •• 1980 and Nikam at & • .-
1987). Similarly, Pothiraj (1985) reported that 

chickpea ... satflower intereropplng system gave higher 

De t returns. 

Mohta and De (1980) evaluated .several. systems 

of intercropp1ng maize and sorghum w1th soybeans. It 

wsa reported that L,tc;H increased to a maximum or about 

4~ by 1ntercropping maize and sorghum with soybeans 

compared with cereal sole crops. Maize rows plented 

120 CDl apart and intercropped with two rows ot soybeans 

or so rghum planted 90 em apart and inte roropped w1 th 

one row ot soybean proved to be the best 1ntercropping 

pattern. They attributed th1. advantage to a better 
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utl11zati.Jn of solar radiation by the component 

crops. Singh (1981) reported tha·t the WH. was lnf'lu­

anced considerably by d1!.farent 1ntercrop and sps:ti~ 

arrangements. He obtained maximum LSR by planting 

sorghum in paired rows h:tving two rows of grain cowpea. 

with 90 em spacing, although the net returns were 

maximum .. 1th f.;)ddar cowpea in the same spatial 

arrangement. Mal~tln and Snaydon (1982.) reported that 

in barley and .field beans grown in pure stands, 

alternqte row mixtures and within row mixtures, the 

L~rl baaed on seed yield was consistently greater 

th:m 1 only when the crops were grown in alternate 

rows. °rhe LJ:o.;ll was greatest (1.8) when the mixtures 

included more barley than beans • 

.... . 



The details of the materials used and techniques 

adopted for getting desired information from the present 

exper1snent are presented in this chapter. 

3. 1. ~eoer1ment al $1 te 

'rhe field experiment was oarried out in the 

Agronomy farm (rain!ed 'rodapur Block) of the Indian Agri­

cultural ResearCh Institute, New Delhi during rlb1 

seas.)nB o:t 1985-86 and. 1986-87. The field had .fairly 

levelled topography and sandy loam in texture. 

The geographic locativn of New Delh1 1s 28°40 tN 

latitude and 77°11tB longitude with an altitude of 228.7 

metres above the mean sea level. 'file climate is semi-arid 

and sub-tropical with extremes of hot in May-June and cold 

in December-J anuary. SUmmers are hot and dry with day 

. ~mparature rai81ng upto 46-<:. Winters are very cold 

.~th min1.ua temperature aa low as ,·C during January. 

The daily maximum and minh,WI tem.peratures and evaporat!on 

rates shOw an increase :trom february to June and deoreaae 

. from July onwards. New Delhi racel vas an average annual. 

r~all Of about 6.52 _ of whioh 547 DIll (84") 1s contri­

buted by $outh-west monsoon between June and September 

and the remaining 105 _ (16") between OCtober and May. 

Winter showera are uaually received during January-
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February. The mean annual evaporation is about 850 mm. 

'rne meteorological. observations during the experimental 

period were recorded from the Water Teohnology Centre, 

Indian Agr1cul tural Research Institute, New Delhi which 

1s depicted in Fig. 1 and the meteorological weekly 
I 

averages are detailed in Appendix I. 

In 1985-E6 season, the tota1 precipitation was 

normal (102.6 nun), 1 C6 distribution was also quite well. 

But in 19ai-87 season. the total precipitation "fIaa 

substantially lower (55.2 mm) than the normal. its 

distr1but.iQn was also uneven. 'rhe crape were under stress 

in eh-:; first hal! at thl.?ir growing season because during 

the first 12 weeks, the amount of precip~tation receiVed 

was only. 5.4 mm. The amount and distribution ot rainfall 

in the two crop seasons influenced considerably the 

t~mpera'ture (max, and min,) and relative humidity. The 

mean weekly maximum and minitllUlll relative humidity ranged 

from 64" to 95" and 25" to 701(., reapectively, ~or 1983-86 Cr:JP 

season, while it was '914 1:0 _ and. ;trom 2~ to Ig,t, 

respectively, for 1986 ... 87 crop lIeason. The .em weekly 

maximum temper~ture ranged from 18.1 0C to 38.0OC and trolll 

16.7GC to 32.3OC. respectively. Zor 1985-86 and 1986-87 

crop seasons. 'rhe corresponding values tor mean weekly 

minimum temperatura were 3.1-C to 19.6OC and from 2.0oC to 

19.3°C. 

~ compos! te .011 sample was colleoted trom the 

field to study the availability of tb.. lIlajor nutr1en1l 
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elements and some related properties ot the Boil of the 

experimental field prior to experimentation. The 

mech;mical. and chemical analysis of the soil is detailed 

in Taole 1, which reveals that the experimental field was 

s a.."ldy loam 1n texture t low in organic matter and available 

ni tro~an but medium in available phosphorus and potassium. 

rhe 5011 was alkaline 1n reaction and had low cation 

eXChange capacity. '£he electrical oonductivity WBS very 

low anJ thua low soluble salta. 

Fodd.er b~ra w1 tl'lVut .f'ertill zatL>n was taken in 

kh~' season trom 1980-81 to 1984-85. 

The details of the eXperiment are as, .:tollows z 

A., Planting p,,-ltterns: 

M • Sole mustard 

Cp .. Sale chickpea 

M .. Cp (4 s4) .. Mustard + chl.ckpea in l,.a4 pattern 

M + Cp (1'3) .. f.1ustard + chickpea in 1:3 pattern 

B. Ph05phurua leval&: 

Po .. 0 kg P ha-1 

P10" 10 kg P ha-1 

P20" 20 k~ P na-1 

P,O. .30 kg P ba-1 

Tbus, there "ere 16 'treatment combinations., 
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Table 1. Physical and chemical characteristics ot 8011 

Properti~a Method employed y~e 
1985-86 1986-87 

A. MdCq~Cal cQmEos~i~on 

;3 and ('J ) Hydrometer method 71.'7 71.8 
(Bouyoucos,1962) 

Silt (?6) Hydrometer method 
(Bouyoucos ,1962 ) 

12.4 12., 

Clay (~) Hydrometer method 15.9 ," 15.9 
(Bouyoucoa ,1962) 

l: [/ 

Textural clasa Triangular Sand.y loam 
diagram (Brady, 
1983) 

B. Cnem~cal comEos~t!QS 

vrganic carbon (?i) VI allUey IJiIld Black 
method (1934) 

0.27 0.30 

'l'otal nitrogen (%) Modified KjeldBhl's 0.Q3 0.03 
Dlethod. (J ackson. 
1967) 

Available nitrogen Alkaline ~eman- 152.08 184.96 
(kg ha-1) tanate lIle hod 

Subbiah and 
AS13 a, 1956) 

AVa11a!lle phosphorus Olaen • 8 lIethod 16.10 c-, 13.40 
(kg ha-1) (Olsen at .I!.. t 

1954) -
Availaole potassium 1 N ammoniua 136.60 196.00 
(kg ha-1) acetate extraot 

method (USDA 
Hand Book No.60) 

Electrical conduc- USDA H and Book 0.24 0.25 
ti vity (rnmhos cm-1 ) No. 60 
at 25°C 
pH (1:2.5 so11 to Backman toS pH 8.3 8.2 
Wl;1ter ratio) lDeter (Piper, 

1950) 
C ation ;exch:~.n~e Sobollen Berger'. 9.60 9.80 
capacity (mel 00 metbod (Metson, 
g soil) 1956} 
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j" 5.~. Hes.sn 
Kandomi zed Block Design 

3,,5,,5. ~plication§:.3 

A. Gross plot s 5.0 m x 4.5 m ... 22.0 sq.m. 

B. Net plot 25.0 III x 2.7 m - 13.5 sQ..m. 

The layout plan of the exp~r1ment 1s given in 

Fig. 2. 

It has be~n developed by cross breeding and 

selectiun at the Indian A.g1'1cu~tural Research Institute, 

New Dalhi. It Jr()'NS 4 to 5 feet tall, ~n1 take 140-145 

aays to m tture. It exhibited high seed yield potentials 

(2;-30 q ha -1) Doth under irrigated as well as ra1nfed 

conditi')nB. It bas bold seeds (test weight, :5.5 - 6.0 g) 

and seed contained 40-43" Oil. It 18 non-shattering in 

'b.ab1't; and withstand delayed harvescing and advenEt 

weather conditions at maturity. 

B. ChiOkR!! I flAea-261 (00-261) 

This variety has been developed from the cross 

between P.827. a desl cult! var ot Indian origin and a tall 

KMull type P. 91:47 .from UdSR by pedigree method ot 

seleotion. I t was :released by Central Sub...committee on 
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FIG.2. L.AYOUT PL.AN OF EXPERIMENT 
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Crop Standards, Notification and Release ot Varieties 1n 

1965 for Nvrth West Plains Zone consisting, Punjab, Haryana, 

Rajasthan and Uttar Pradesh. It 18 a d.1stlno.tly tall 

variety with plant height ranging f'roua 6'-85 em, upright 

and compact growtb habit and possessing less number of 

tertiary and late order branches. The leaflets are 

medium, long ovate and light green in colour. The seeds 

are very attractive ot golden yellow colour, medium bold 

in size with sead index 14-18g. It matures in 1,0-140 

days. It possesses exoellent resistance to .\aoqOhytl 

blight both under natural and artificial epiphytot1c 

conditions and,'modera.tely resistant to pod borers. 
I 

3.6. Field 9~erat~2nl 

Details of thl':! :lield operations carried out during 

the experimentation period are given in fable 2. 

Table 2. Schedul.e ot .tield operations during the crop 
seMona 

a.RO. R.e 0"1 operatIon ;g;_fjat .. ;;;_S7 
1. Field preparacion 
2. Layout of' the experiment 
3. :re Ai l! ~r placement 
4. Sowing 

.5. Thinning and. adJuatment 
and plant population 

6. I Dil[2Y';L1nP:M 9perat.t:OD! 
Ca) Firat weeding and hoeing 
(b) Seoond weeding and hoeing 

7. Pl ant protection me a,sUr8S -
Met:llIyatox • 0.03" 

8. Harvestingl 
Ca) Mustard 
(b) Cb1okpea. 

1.11.8' 1'.10.86 
3.11.85 18.10.86 

'.11.85 20.10.86 
6.11.85 21.10.86 

26.11.85 10.11.86 
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3.6.1. LJnd preparation 

The experimental plot was ploughed thoroughly by 

a tractor drawn mould board :Collowed by cross disclng. 

The field was levelled and pressed with the help ot a 

tractor drawn leveller. 

3.6.2. Fertil! zer ap:-:Jica:tion 

A basal dose ot 15 kg N and 30 kg ~O ha-1 was 

applied in the fom of urea and muriate ot potash. 

respectively. Urea, muriate of potash and single super­

phosphate (as p~r treatment) were placed 3-5 om below the 

seed with the help of a metallic tube attached to the 

hand plough. The fertilizers were applied on area basiS 

i.e. row basis to both the crops. 

To study fertilizer phospnorua uptake and its 

utilization by mustard and ohiOkpea under different 

planting patteX'llS, single superphosphate labelled with ~ 

was used in this investigation. The labelled fertilizer 

with spec1:!1c activity of 0.3 mC1 ,-1 of P20, was procured 

trom the Isotopes Division o:! Bhabha Atomic Research 

Centre, 'rrollbay, Bombay. The labelled .fertilizer waa 

applied "to 'lne ro" .. of ·one metre length of each plot and 

banded 3-5 cm below the saed as par the treatment. 

3.6.4. Se~g.s ¥lSi sowing 

The sowing was done manually with the nelp or 8. 

Iletallio tube attached to a plough ill order to plaoe aeeda 
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abvut )-4 em below th~~ soil surface. The seed rates used 

wer~ 4 and SO kg ha-1 for mustard and chickpea, respec­

tivtlly. The inter-row sp'~clng for mustard and chickpea 

und.~r sole and 414 planting patterns was 45 em apart and 

inter-pl3.I1t spacing tor mustard was 20 em. The inter­

row spacing tor mustard under 113 plllllting pattern was 

doubled "&0 90 em while inter-plant spacing was reduced to 

10 cm in order to maintain the same plant population as 

under sole pattern. For maintaining 15 rows of chickpea 

under 1:3 planting pattern tw" inter-row spacing was kept 

; 0 em a:;; 1.Ct • 

3.7. ~ul~yral Qperat19P1 

3. 7. 1. 'rhiMinp; 

Due to thick population, the thinning operation 

b9c~e neces::;ary. 'rhinning was done 20 dayf. after 

sowing to maintain the required plant to pl.ant spaoing. 

3.7.2. Weed.ins:., 

Manual weeding was done twice, 20 and 50 days 

. a:.Cter sowing (DAS) to provide an ideal environment to 

crop canopy 1n ~. 

3.7.3. P*mt protection mE!Mure..§ 

. T~e mustard crop had infesta.tion of ap-lids in 

'both th"3 years. Metasystox waa sprayed at "the rat.::! 

of 0.03 per cent. 

3.7,.4. Haryest~nL\.and, threflbing 
The orops trom the net plot are a. were harvested 
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a~ l:.hc:?ir physi'Jl'J3icAl stages of maturity and allowed for 

drying in the sEIne plots. The weight of the biological 

yield (saed + straw) trom thp. net plot was recorded. 

l'hreshing was done using 'Pullman' thresher. 

rne seeds were col18ctad. cleaned and the net plot seed 
-1 yield was recorded and exprassed in terms of q ha • 

:3 • 8. t}1ometric 0 tmerlatioM 

3.8.1. Pre-harvest studies 

Fi va pl911 CS o:f MUS tard and chickpe a from each 

plot; ware drawn at random at 75 DAS and at harvest and 

used tor r0cord1r~ various biometric observations. 

3.8.1.1.Pl.:¥:l:t,_helght 

The height of five plants chosen was measured in 

em !roiu. groWld 8Ur~a.ca to the tj.p of the ma5.n stem. The 

average was calculated and expressed as height per plant. 

The numb,,·r of primary oran.ches raising trom th l3 

nodes of the main stem were counted for five plants. 

The average was calculated and eXpressed as primary 

branches p02 r plant. 

The number of secondary branChes raising from 

primary branches were counted t~r .:eive plants. The 

average was calculated and expres.ed as secondary branches 

per plant. 
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The number of l-=aves .for fi va plants was counted 

tor m'lS tard only and -chis observation was om! tted 

to.(' chickpe~. 'l'he average was calculated and expressed 

:18 m.lmb~r of leaves per plant. 

'rne leaf area of separated leaves ot mustard crop 

was measured w1 th the htillp o~ a Leaf' Aredl Met~r, LI-3100 

{LI. .CuR. Ltd., Lincoln, Nebraska, U.S.A.). the values ot 

leaf flrea were obcained directly as in cm2 per p~ant and 

\Wed for computing the leaf area. index. 

ii'lr.:>m ~ne l,:;af ar~a per plant, the Leaf' ~rea Index 

(LAI) WOL 'dork.i~C1 .,)ut for mus tard crop by multiplying 

tne l",.....f l:lJ.',.; a p.:.::r plant wi th tho:: nUll1ber 0 f pln.nts 1n the 

noJ c plot area and dividing it by net plot; area uf respec .... 

tive ~crop as given by the expression below: 

. 2 
LA! l&g __g':!a ;get' plant <em ) x No, Qf :e1ant ,§ in net plgt 

- Net plot area (m~) x 1()4 

:> • 8. 1 • 7.Dr:£. m at tar !lqcumu,la,1( i..9L\ 

The plants !rom labelled area ot 0.18 m2 area 

were saupled at 75 DAn and at harvds't. These plants 

were sun Jried first followed by oven drying at 65°C for 

24 bra. and weighed on electriC operated top pan balance 

(Metllel"p Type K1r, SwiSS made). The dry weight of 
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samples was rBcorded and expressed in terms o~ kg ha-1• 

Interc8ption ot solar Ught at crop canopy was 

measured with the help of 'Lux Meter'. The observations 

we re recorded at 75 and 105 DAS. Obse rva.tions were made 

at three heights: top, middle at crop canopies and at 

ground surface tor main as well as the intercrop. The 

values were recorded tor each treatment and averaged. 

The percentage ot light incidence and light intercepted 

was calculaLed by following f'ormulae. 
Light incidence ot different 

(1) Percent.age of c~ CFnHeheisht! 1 
ligbt incidence - L1 ~:no nee on the orop X 00 

canopy 

(11) Percentage of 
light inter- • 100 - ~ ligbt incidence 
cepted 

(ili) Percentage of Light incidence at top ot 
11gh t available .. tyterCFnR iC1Q9kpe.~ x 100 
to intercrop ;ail; nc! enos on op 
(Chickpea) of main crop (mustard) 

Post-harya~¥ atudAt' 

3.8.2.1. S111gUa/pod nlRber 

The to-cal number ot sillqua ot mustard and pods 

of chickpea were counted for five plants. The average 

was worked out and expressed as s1l1qua/pod number per 

plant. 

3.8.2.2. Seed number 

Twenty £1 Va a111quae/pods vera selected randomly 

and total number 0:£ seeds tor mustard and chiokpea were 
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cvunted. Th~ average was worked out and expressed as 

numb8r ot seeds per s111qu''l./pod. 

3.8.2.3. Test we.gnt 

Mus taro and chickpe a seeds were drawn randomly 

from total produce of each treatment and 1000 se'coda 

were count-=d and weighed. The weight was expressed 9S 

g per 1000 seeds. 

For radiometric arullysis, the plant aeunples 

were taken at 75 DAt> and at harvest trom 40 CID length 

of the row in which l.abelled fertilizer was applied. 

The isotopic invedt1gations were carried out 

following the method as described by MacKenzie and Dean 

(1950). The plant samples were first sun""'<ir1ed and then 

oven drlodd at 65·C for 24 hours. these samples were 

ground with the help ot tMaoro-Wiley mill t and passed 

tbro~ 40 mesh aieve. Powdered plan'c .samples weighing 

3 g were used tor preparing briquettes with the he1p ot 

a. hydraulio prel. 'Carver Laboratory Press Model C' or 
Fred s. Carver Inc. USA. The briquette was placed on the 

platform number 3 below toe Gelger~ler TUbe inside 

a lead-castle lIlanutactured by trombay Eleotronic 

InstI'Ulllents, Bombay, Type C 1700 A.. The Gelger-Mu11er 

tube was connected to the counter, model No. QCS 16, 

made by Eleotronic Corporation of India Ltd. (B.C.I., 

Ltd. ). Hyder-abad. The speoific act! vi ty ot briquette· 

waa counted tor 200 saconda per sample at 115' volts, 
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which licil:.l in the platerm region of the char"'lcteristic 

curv" !.)r Geiger-Muller tube. 

3.9.1. 

The fertilizer standard. was prepared for 

determining phosphorus derived f'rom the fertilizer 

source. one gram o.f labelled single superphosphate 

was diS501v>:'!d in distilled water and the volume was 

made to 1000 mI. The required fertilizer standard 

soluti.Jn of 47 ml was· mixed with 9 g Of plant biomass 

powder (unlabelled) which was previously oven dried 

at 6.5°C tor 24 hours and ground. Thus. 3 g of 

ina.ctive plant material was having 1 mg phosphorus .. 

The 3 g plant material ot standard and samples (as 

per treatment) ware pressed into a. briquette by hydraullc 

press tor 32p assay to determine the specific activity 

of the labe lIed lertill zer phosphorus applied to the 

plants. 

Spec~tic act.yitl 

Specific activity is defined as the total. 

radio-activIty present per gran or rad1o~ctlve isotope 

and is expressed in terms af J£l/g or rr£l/g ol" counts 

por second/millimole. 

Net counts per second (CfS) was obtained with 
\, 

the help vI 'che .following formular 

S ample counts in _ Backgro\U\d counts 
CPS .... iCC ,eg w""" ..u...2Q.O se2 .• 

'vu •• c 
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Thereatt~r, Che specific activity 0:£ the sample 

or the standar:.1 briquette Vall calculated with the help 

of the following tormulaa 

Specific activity .. CPS/mg P in 3 g pl~t 
material 

Decay [actor tor 32p (trom decay chart) was 

_llso considered while calculating the spec1ttc act! vity 

of the tertil1 zer standard or sample. 

The advantage of isotopiC fertilizer studies 

is the quantification of !artili<::.er contribution in crop 

pro.il.£ ti.)n. 'fhe proportion of .fertilizer phosphorus 

up-cake by a crop was estimated .f'l-om phosphorus derived 

from fartilizer (PdfF) and expressed in terms o£ 

percentage .. 

PdtF (") .. 

The usa of 32p as a tracer is the only direct 

and accurate method of quanti-t at! -ve me asurement ot the 

efficienoy of tert111 zer usa by plants. 

Utili z.at1on of 
applied phosphorus (~) , 

'A'-yalu.e 

Fertilizer P uptake in 

• rertin zer P added per x 100 
unit area 

'At-value concept is baaed on the aaswpt10n 
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tha"C when t\l'O SOUI'ces o.f a given nutrient are present 

in the soil, a rl~t will absorb the nutrients trom 

,.:a.ch source in direct proportion to the respective 

quanti ties available (Fried and De a."l t 1952) • 

'A'-v~lue was calculated with the help of 

following !onnulat 

I % PdfS rata of P a:E'plled ti'lrough 
A'-value - ~ Pd!F X fertilizer (kg ha-1) 

whet'~ , 

~ Pd1'S .. Perc~ntage of phosphoru.::. derived from soil 
(100 - ~ PdfF) 

" Fd!F :;: Percentage of phos.phorus derived from 
f~rti11zer 

Five g sa~ds vf mustard were oven dried at 

65·C 'for 24 hra. These seeds were used to f1nd out the 

011 content (:.') with 'the help of Nucl~ar Magnetic 

Resonance (N.M.R.), Minispea PC-20. Broker Make. 20 MHZ 

R.Jt"'. (ftad10 llrequency), WSljt Germany in the Nuclear 

Research Laboratory, I.A.d.l., New Delhi. 

3.10.2. p~ke~n c~ntent 

A 3ample of 0.5 g of ground seeds of ohickpea 

.t'r-->m each plot \'I~ taken and analysEld tor nitrogen content 

usj,'-),6 coll)rime'~rlc 11l':~'thod (Snell and Snell, 1939). the 

protein content oL samples was worked out by multiplying 

H content with 6.?5 aa detailed by A.O.A.C. (1960). 
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fhe pl'311t samples collected at different growth 

s ta,_,as for radiochemical assay were oven dried a:t 65°C 

for 24 hrs. The dri~d samplds ot plants wer(~ ground to 

pg~s thr0ugh 40 mesh sieve in a 'Macro-Wiley :1i1l t. 

From each sample 0.5 g was weighed separately for 

chemical dllalysis to determine th~~ content ot nitrogen 

and phosph:;rus -at different stages of growth. 

3. 11 • 1 • 1 • .1.' 0 t al ni I; ro g'_: n 

The total nitrogen content of plmt was 

det~rmined by colorimetric method (Snell and Sna11, 1955). 

3.11.1.2 .. Phosphort:l,~ 

ThE: e-S t1mation of phos:r.(lorus content \"Ias done 

by analysing 0.5 g ot ground sample t using Vanado­

molybdo-phoaphoric yellow colour method (Jackson, 1973). 

3.12. M\S!iarQ, gr@ip eQ\Q;Yal5!U~ 

Since th0 sale pr1ces of the grains ot the 

c.Jmponent crops, muutard and chickpea are d1:f.terent, 

for pI"Oper evaluation of the treatments it 1s necessary 

th. 9t the produce of the com.ponent crop 1s expressed in 

terms of the main crop_ For this purpose the grain 

yield of intercrop chickpea was converted into mustard 

grain equivalent. 'baaed on the prava;1.11ng selling price s 
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Must ard grain 
e qui"J al.ent (q ha-1 ) 

Grain yie1d of inter-
.. crop (q ha-1) x price ot 

lnterctQP (Rs q--') 
Price of mustard (Ra q-1) 

3.12. Land EqUiYalent Rat1.o (LER) 

Wi is thl? relative size or land under a sol.e 

crop syat-::n 'Nr.d.ch will be necessary :Cor obtaining th'" 

same yield as in an intercropping system. LER is 

computed by using tna fo110wing for;mula: 

.. 
wharlo:!, 

Yab a Yield of 'a' gI'OWl'J. in mixture (a and b) 

YO:l == Yi~ld ot 'b l grown in mixture (a and b) 

Yaa .. Yield of 'a' in pure stand 

Ybb .. Yield ot 'b' in pure stand. 

3.14. 5911 mOisture studies; 

Soil samples tor estimatiQn of moisture were 

drawn f'rom 0-15, 15-30. 30-60. 60-90 and 90-120 em 

d~pths. The first sat ot aElllples Via taken at sowing 

and subsequent sampling was done at 30 day. interval. 

The soil samples were weighed 10mediately and 

. dried in an oven at 105°C tor 24-48 hours. AftQr dryinl, 

samples were again weighed and the loss of moisture was 

e.,tiaated and expraased U percentage of moisture on oven 
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dry weight o! s.Jil. These values were utili zed in 

computing moi:;;tur';> depletion pattern. 

3.15. 

Soil moisture depletion in each layer was 

worked out by the fOllowing formula. 

where t 

Q. n(rg" t_~bi x w.l X Re + PET + Dp + ell 

Q .. Quantity of moisture depleted (mID) 

~ • Change in 8011 moisture percentage between 

the two sampling dates £or (lth) layer 

db! • Bulk density ot the ith 8011 layer (g/om3 ) 

Re .. Effect! va rainfall (111m) between the two 

so11 sampling intervals 

D1 III Soil depth of the ith l'1yer (mDl) 

PC;T • Potential evapotranspiration (mm) :tor the 

continuously raising period when 801.l 

moisture depletion by gravimetrio method 

cannot be worked out. 

Dp • Deep percolation 10S8es (mm) 

Cw - Capillary water contribution (mm) 

Depth of 8011 moi8ture depleted between two 

a_pUng date. was worked out by add.ing the values obtained 

:tor all the 5 layers a ampled and was expressed in. mm. 

Soil moisture depletion in each. layer was expressed (") 

of the to tal quantity of· moisture depleted from the 

Z1eld. p~"X. deep percolat1on 10s8e. art,d!capl11ary water 
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contribuU.:m we~ n.)t c.:>n.s1.dered in the present study. 

3.16. 

The data collected in the experiment were 

subject~d to sta~lstical test by following ~alYSla 

of Va:ciance Technique (Cochran and Cox. 1967). Whenever 

the variance ratio (i-value) was found signi,ticant. the 

critical differenca was computed :for making ccnnpar1son 

among the treatment means. 4 second dagNe polynomial 

responsa equation was fitted between phosphorus levels 

and grain yie1.d by the method of least square. From this 

regression line econoinic level of phosphorus was 

calculatad with the help 0:£ the following ~quatlon: 

where • 

Economic optlmtWl dose .. ~ 

Q a price of fertilizer 

P .. Price of product 

b and c are the parameters 

••• 



4. EXP~RIMENT At fiNDINGS 

The observations recorded during the experiment 

pertaining to growth, yield, quality. radio-chemical assay 

and Ohemical properties of soil as int'1uenced by planting 

patterns and phosphorus levels were statistically analysed 

and after evaluating the data ror their test of signi­

flcance, observed :results are disoussed in this ohap; er 

and presented. in suitable tables as and wheN reqUired. 

4.1.1. Plant bjisn1 

The planting patterns and phosphorus levels did 

not affect muatard height significantly ~ile planting 

patterns significantly influenced the chiokpea. height 

(Table 3). Invariably plant height Of both the crop. was 

higher during 1985-86 than 1986-87 and. increased 'With 

the increasing lfWels of phOsphoNa. The plant height of 

chickpea waa Significantly higher in mustard + chickpea 

(113) than lIole chiokpea at both. the stages during both 

th.e years. It was also 51gnJ..ticantly superior over 

lD.uatard ... ohiokpea (4.4) at bot.h the stages during 198,-86 

and only at one stage 1.e. 15 days of sowing during 

1986-81. 

4.1.2. l".b!r 9' _ain RtaPWI 

The planting pattern. and phosphorus levels did 

not a1gD1.t1cantly influence tbe ftUlDber of DlUStard Dla1n 

branches while planting patteftUI signifioantly intluenced 
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the numb,-!r of chickpea main branches (Table 4). Invariably 

numb8r of main branches ot both the crops were more 

during 1985-86 than 19£6-87 and increased w1th increasing 

levels of phosphorus. The number of main br'Ulches in 

chickpea were significantly more in sole mustard and 

mustard + chickpea. (4:4) than mustard + chickpea (1:3). 

Planting patterns and phosphorus levels did not 

affect number of mustard sub-branches signifioantly 

whereas planting patterns significantly i.nt'luenced the 

number ot chickpea Bub-branohes (Tablt3 5). The number 

of sub ... branches were more during 1985-86 than 19136-81. 

Exc~pt at harvest during 1986-87, the number of chickpea 

Bub-branches were sign1~loantly more in mustard + chickpea 

(414) than in mustard + chickpea (1 :3) while the 

difference between mustard + chickpea (4:4) and sale 

mustard was at par. 

There was :00 Significant et£ect o! planting 

patterns and phosphorus levels on n\llber of leaves of 

mustard during both the years except at 75 days a;tter 

sowing where planting pattern signifioantly stfeet the 

number of leaves during the crop season of 1985-86 

Crable 6). The number of leaves were significantly more 

in mustard. + ohickpea (113) pattern than sole mustard. 
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rable 6. Effect of treatments on number of l.eaves per 
plant 

Treacments 

1\. Plmting pa~ terns 

Sole mustard 

Sole chiokpea 

Mustard + chickpea. (434) 

Mustard + ch1ckp··~a. (1;3) 

,'" ,c;m + .;;It _ 

CD '" 

B. Pb:2IRD:2[la8 J;e!e1.s 
(kg P ho-i ) 

0 

10 

20 

30 

S.~ :t. 

CD '" 

Mustard 

, : 19§5-a§ 
75 OAS Har­

vest 

43.9 26.9 

- -
46.3 27.2 

49.2 26.9 

1.28 0.73 
3.75 NS 

43.8 2'.8 

4'_5 27.1 

47.3 28.2 

49., 29.0 

1.47 0.84 
NS NS 

. 19ij6+§i 
75 DAB Har-

vest 

41.3 20.5 

- .. 
43.0 21.5 

46.4 23.3 

2.09 0.89 
NS NS 

40.0 19.8 

43., 21.3 

44.3 22.5 

46.5 23.6 

2.42 1.03 
N3 MS 
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Th.e application of' phosphorus towards higher side 

did not reflect algn1t1c::mt effect, however. the number 

of leaves per plant increased with the increasing levels 

o:t phos pho rl.l.8 • 

The planting patterns significantly influencdd 

the LA! of must ard in both the years while the e:!:t'ect of 

phosphorus lavels was found slgn1.ticant only at 75 d.ays 

after sowing in 1985-8) (Table 7). 

The LAI of mustard differed in the twi) crop 

se asons and the di1'.terences were marked. it was higher 

in 1985-f6 than in 1985-87. The L.A.! of mustard was 

higher in sola mustard and mustard ... chiokpea (1.3) thrul 

m.ustard + ch.1ckpea (414) to tha tune ot 81 and 101" 

at 75 days after 'sowing in 1965-86, respectively, wi1e 

at 105 clays after aowing 1 t was 90 and 95". In 1986-87. 

similar X"esul t& were obtained and the tnere_e w_ 

recorded to the tune ot 93 and 10,,, &-: 7IJ days atter 

sowing wb11e as and 104" at 105 days atter sowing. The 

application ot phosphorus increased the LA! ot must ard 

but results were significant only at 75 days after 

sow ing JJ1 198.5-86 and application ot 10, 20 and 30 kg 

P ha-1 enhanced the LAX to the order of B. 15 and 22" 

over the control. 

4.1.6. Ilry •• tlr R£Ostuoi.i.2D 

tbe planting pat.erM slgn1.t1C811tly lnfiuencecl. 

the dry a.tter procluo"10Jl of botb ,bel orope 111 bOth the 
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fable 7. ~~fect of treatments on lea! area index (L41) 

----------------------------------~M~UB~t-~~------------
Treatments 

1985-86 1986-81 

15 DAS 105 DAS 75 DAS 105 DAS 

A. F: 1 an tin/{ l2 at 1(e l]l§ 

Sole lIustard 1.052 1.848 0.994 1.688 

Sole chickpea - - - -
Mustard + chickpea (414) 0.590 0.973 0.515 0.842 

Mue1#ard + chickpea (1.3) 1.164 1.899 1.044 1.722 

s.Em .;t. 0.010 0.044 0.048 0.062 

CD 5" 0.030 0.129 0.163 0.182 

.B. PaO!~grus l~~els 
'kg P lla-12, 

0 0.837 1.496 0.762 1.316 

10 0.908 1.,23 0.827 1.373 

20 0.964 1.'91 0.876 1.4'8 

30 1.019 1.683 0.9'9 1.,42 

;3.Em .t. 0.042 0.050 0.055 0.071 

CD 5" 0.123 NoS NS NS 
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ye ars while phosphorus levels could only influence 

s161ut1cantly, "Che dry matter ot mustard a.t 75 days 
.Jr 

af-cer sowing in 1985-86 (Table 8). The dry matter ot 

both the- crops in two crop seasons differed markedly, 

it was higher in 1985-85 than in 1986.87. 

The dry matter o~ mustard was higher in sole 

mustard and mustard ... chickpea (133) than mustard + 

chiokpea (4,4) to the tune of 75 and 86" at 75 days 

and 121 and 1317' at harvest. respectively. in 1985 .. 86. 

In 1986-87. similar trend was observed and inorease 

was noted to the tune of 107 and 116" at 75 days and 

109 and. 122" at harves t , res pee tl ve ly. Phos phorua leva 18 

s1gn1:ticantly influenced dry matter production of xnuatard 

at 75 days atter sowing in 1985-86 and the applics-tion 

of 10, 20 and .30 kg P ha-1 increased the production ot 

dry matter to the tune of .5. 9 and 16J' over control, 

respectively. At harvest, the e:t.tect ot phosphorus on 

dry matter production lack the level ~£ significance 

in both tne years. 

The dry m.atter o~ chi.okpe a wu higher in sole 

chickpea and mustard + Chickpea (1'3) than mustard + 

ohickpea (4.4) of the order of 114 and ~ at 75 days 

and 149 and ,~ at harvest, respeotive1y, in 19a.;-86. 

In 19e6-s7, simi1ar type of results were observed and 

lncrea.se was recorded to the tune ot 121 end 7~ at 75 

day. ancJ. 1" aDd ~ lit harvest, respectively_ Though, 

t.bere w" all !nora ... in dl'1 .atter pl'Qd.uctlon at each 

, \ 
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successive level ot phosphorus application but the 

d.iffer?nce in the increment did not ar.tect slgni.fic911tly. 

4.2. P08t=b..~el!~ •. 8tudi~!. 

4.2.1. UelS.99Jltr1mttM. charaq]era 

4 .. 2.1.1.tt!m.ruu: o~ 81,l1quM or 'Qgds per plW 

The planting patterns and phosphorus levels did 

not a!!ect significantly to the nuaber ot s111.quae 

per plant in mustard in either of the years. while it 

had s1gni.t1cantly influenced the Dumber ot pods per 

plant in chickpea during both the orop _aSSOM ('.rable 9). 

The maximum number ot siliquae per plAnl: were 

recorded in the planting pattern of mustard + chickpea 

(1.3) followed by mustard + ohiokpea (4t4) and sol.e 

mustard in both. the years. In taa case ot phosphOrus. 

30 kg P ha-1. increased th.e number ot sillquae.,· m9Xim. .... 

and Dlin1.alum at oontrol.. 

'rhe number ot pods per plant were .his,ner 1n sole 

chiokpa8 and Jlustard ... chiekpea (4,4) than muatard ... 

chickpea (183) 1;0 the tune ot 4, and 62" in 198, ... 86 

and 65 and ,_ in 1986-81. r.speotlvely. However. 

applioation of phosphorus did not 8Zteot number o:t podS 

ptir plant but increasing levels of phosphorus increased 

the J)..lDbl3r ot pods in both the ye are. 

4.2.1.2.IhRQIjE a. ,".41 per .1Uque. or Psul 

Though. the varied level of P applioation 
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Table 9. ~r~ect of treatments on Si~quq and pods per 
plant 

'i'reatments Mustard Chickpe~ 

... ;3111 qua, Pod 
1985-86 19€6-87 1985-~ 1986-87 

\ . Planting ~atterna 

Sole mustard 365.1 322.5 - -
;301e chickpea 23 .. 1 21.0 

Mustard + ch1ckpea (414) 3e6.5 331.3 25.8 20.2 

Mustard + chickpea (1 z3) 402.4 357.0 15.9 12.6 

S.Em ... - 20.10 27 • .50 1.35 0.91 
CD 3~ NS NS 3.96 2.69 

a. rDe8Qho~~ leve1! 
(kg l? ba -~.l. 

0 ,,'.4 309.2 21.8 11.:0 

10 390.9 }43.5 22.1 17.6 

20 396.8 345.6 23.3 1e.1 

30 397.7 349.2 22.8 19.1 

,S • .i:!4n + 23.21 - 31.76 1.5' 1.05 

CD 5" NS NS NS MS 
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significantly 1n~luenced the numoer o~ seeds per 811i~a 

in both the years but the magnitude of response \'1M more 

pronouncf"!d ;-'It higher level or phosphorus application in 

the crop se-:tson of 1995-81. Regarding planting pm:tern. 

maximu.rn :3ep.ds p€:r 311iqua \yere observed 1n mustard. + 

chickpea (1:3) in both the years. In chiokpea. neither 

the level of phosphorus nor planting pattern gave any 

sign.1.tlcant impact on the number o'L seeds per pod. 

The planting pattern and levels o£ phoaphorua 

application aign1ilcantly influenced the 11)OO-saed 

weight o£ mustard, while test weight of chickpea was 

not affeoted to the level of significanoe (Tab~e 11). 

In the crop season of 1986-87, 1000-seed weight 

was significantly higher in mwstard + chiokpea (113) 

over sole Dlustard and mustard + chickpea (4t4). The 

appllca-;1l)n of 10, 20 and 30 kg P na .. 1 signifioantly 

produoed nigher 1000-aead weight over control in both . 

the years. 

There was no signifioant eftect of pJ.antlng 

patterns and phoaphorua levels on 1000-•• e4 weignt ot 

ohickpe III 1·n both the ya ars ,. Tbe mJ.DiJIWI 1000-seed 

we1gb.t was recorded in mustard + ohickpea (113) and 

inoreasing levels of phosphorus increased the 1000-seed 

weight oZ oh1ckpea in 'both thG yean. 
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T~ble 10. ~rfect )t treatments on number ot seeds per 
s111 qua and pod 

HustW I!'!nIcltpea 
treatments Sl11qua Pod 

1985-86 19~-87 1985-86 19~-87 

A. Pl~!ng pa~terns 

Sole mustard 13.2 11.7 ... 

Sole chickpea - - 2.0 1.6 

Mustard + chickpea (4:4) 13.1 11.1 2.0 1.6 

Mustard + chickpea (1 :3) 1.3.5 12.4 2.0 1.6 

,J "Em + - 0.34 0.35 0.01 0.02 

CD '" 
NS NS ttl NS 

B. P.bo!~bQrus ~~xels 

(kg e B.-i) 

0 12., 10.8 2.0 1.6 

10 13.5 12.2 2.0 1.6 

20 13.5 12.4 2.0 1.6 

30 13.1 12.4 2.0 1.6 

S.&I .t. 0.39 0.40 0.01 0.03 

CO '" NS 1.200 NS KS 
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r~ble 11. ~f£ect of treatments on 1000-seed weight (g) 

'£re atments Mustard Chickpea 

1985-86 1986-87 1985-86 1986-87 

.\. PlgGtlng patterns 

Sale mustard 5.93 5.90 - -
Sole chickpea - 134.29 123.39 

Mustard + chJ.ckpea (4:4) 5.97 5.95 134.B7 123.32 

Mustard + chickpea (1:3) 5.99 6.21 132.57 122.47 

S.Em ±. 0.093 0.073 1.739 1.736 

CD 5% NS 0.21, NS NS 

B. Ee21~QQ£y§ ~~vell 
Usa P ba-1} 

0 .5.61 5.61 1~9.'O 118.94 

10 '.98 6.06 134.70 12'.65 

20 6.06 6.21 1".61 125.01 

30 6.09 6.20 135.83 124.44 

S.Em + - 0.108 0.084 2.009 2.0~ 

CD 5% 0.316 0.248 N8 NS 
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The yield of mustard and chickpea was greatly 

intluenced by planting patterns and phosphorus levels 

in both the years (Table 12a) and interaction et.tect 

was als") found significant tor mustard in 1985-B6 

(Tab~e 12b). The seed yield of both crops d.1.tterad 

markedly in both the years. it was higher in 1985-BS 

than 19e6-87. 

The lIustard yield was significantly higher in 

the planting pattern ot muatard + chickpea (1'3) and 

so~e mustard over mustard + ohickpea (4,4) in both the 

years and the inorease was to the tune ot 30 and 1~ 

in 198,-e6 and 26 and 2~ in 1986-67, respectively. The 

supremacy 0:£ the plSllting pattern, IlU8tard + ohickpea 

(1.3) was not onJ.y maintained over 4,4 mustard and chick-

pe a but also coaend.able over 801. auat ard in the 

orop year of 1985-86. The. appl1oatJ.on ot phosphorus 

proved bene.t'iclal. in boosting the aeed, yield o:t mustard 

1n both the years but the inorease 1n the seed yield 

wi th increu1ns; level of Phoaphorws application was 

more proDOunced 1n 1985-86. 

Th. cbiokpea yield was 81gn1.ticantly higher in 

sole chiokpea over mustard + chiokpea (113) and mustard + 

Ob1okpea (4.4) in botll the years. The increase was 

recorded.1n tbe order .0£ 148 and. 2.5. in 1985-86 BDd 

126 and. 1"1n 1986-1-11, r •• pecUvely. However, lIl\l8tard + 



69 

l'able 12(a). E££act ot treatments on seed yield (q ha-1 ) 

Treatments Mustard Chickpea 

198.5-86 1986-87 1985 -a6 1986-87 

A~ I:_lanting RatteI'ru!, 

:301e mustard 22.85 19.73 -
Sole chiokpea - - 18.31 12.27 

Mustard + chickpea (414) 19.54 16.48 5.11 4.26 

Mustard + chickpea (1 :3) 25.35 20.75 ' 1.37 5.42 

S.Em + - 0.300 0.737 0.216 0.430 
CD 5% 0.881 2.161 0.634 1.261 

B. P~eJWo£YI ~eve~ 
{kg P ha-~) 

0 20.69 16.64 8.83 5.95 

10 23.11 18.82 10 • .50 7.7' 

20 23.11 19.92 10.76 7.83 

30 23.41 20 • .56 10.96 7.75 

SEta ... . - 0.347 0.851 0.250 0.496 

CD '" 
1.018 2.495 0.733 1.378 



chickp;l ('I. ~; ;3) ·~as .$1e:;ni!1c~tly superior ov~r mustard + 

chickpea (4:4) in 1985-86. As was the C~$a in mustard. 

in cnickpea also. ~h6 seed yiald increased markedly 

over c0ntrol with the increasing leval of phosphorus 

applic~tiJn. It was further, observed that the magnitude 

of response was more pronounced at higher level of 

phosphorus applicatiJn. However, the difference in the 

seed field due to varied level ot phosphorus applioation 

was at par in the two oonseoutive years. 

T !lble 12(b).. Inter8.Cti:>n effect of treatments on mustard 
seed yield (q ha-'l) in 1985-86 

SOld muatard ' 19.64- 21.85 24 .. 07 25.84 

S')l.-:! chickpc:a - - - -
Mustard + chickpee 18.80 20.66 19.57 19.13 
(4:4) 

Mustard + chickpea 23.63 
(1: 3) 

26.82 25.69 25.25 

3 0 8mr/- 0.601 
CD 5 ;1.763 

ThE! interaction e~tect between planting 

pattern of 1 a3 mustard + chickpea and levels of phoa­

phul'Ud appllca.t1on ;)0 che :llustard. yield was significantly 

superior in 1985-86 over mustard + chickpea (414) 

pl··mting pat.tern ~t eaOh level ot phosphorus (Table 12b). 

However, mustard + chiokpea (1 :3) was significantly 

batter ~var sole mustard at lower dose of pnoaphorus 1.e. 

10 ki5 P ha-1 while 801e mustard. 11gn1t1oantly produced. more 

yield than 414 system at higher dose. of phosphorus 1~ •• 
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20 and 30 kg P ha-1• The data further revealed that 

the sole mustard yield was benefitted significantly by 

J;.hosphorus application and the increase was recorded to 

the tune of 11, 22 and '1~ with the application o~ 10, 

20 and 30 kg P ha -1. respectively t over control. It was 

further observed that either of the planting pattern 

(1,3 or 414) was only responded signi.!icantly to 

10 kg P ha-1 and thereafter yield declined with increa­

sing level of phosphorus application. 

4.2.3. Ql1ality 

The significant e.t.tect o.t planting pat cerna 

was only o'bserved on the 011 content of mustard (Table 13). 

The 011 content differed markedly in both the ye';lrs and 

was higher in 1986-87. In 1986-87. sole mustard was 

significantly superior over mustard + chickpea (113) 

and at par with mustard + ohickpea (414). The various 

levels ot phosphorus application could not give m~rked 

effect on the oil content in either a! the years. 

Though, the protein oontent ot chiokpea seed 

was not significantly effected by planting patterns 

and phosphorus levels in both the years (Table 14) but 

there was an increase in protein content with each 

suocessive level ot phOsphorus applioation. 

4.3. "»tg,en1t MPtge 

4.,.1. Aii .. QbAapb2£Y1 untake 

'he, intJ.uenOft of planting patterns and' phosphorus 



Ta~le 13. stfeet of treatments on per cent oil content 

Treatments 
Mustard 

1985-86 1986-87 

.f< • Planting Ratts£P! 

Sole mus-card 36.12 41.58 

Sola chickpea 

Mus tard + chickpea (4s4) 35.65 41.22 

Mustard ... chickpea (113) 35.60 40.71 

.3.&11 + - 0.320 0.227 

CD '" NS Q.667 

B. fhos~Q2fUS .exe1a 
(kg P ba-1 } 

0 35.97 41.50 

-
10 3'.78 41.13 

20 35.S' 41.35 

30 '5.56 40.11 

S Em + . - 0.370 0.262 

CD .5" NS I'B 



Table 14. Eff8Ct of trea"tlfienta on per oent protein 
content 

l'reatments Chickpea 
1985-86 -1·~9§6~-8~7 

1\. !?J.mt1ng patterns 

Sole mustard -
Sale chickpea 22.96 21.10 

Mustard + chickpe'1. (4:4) 23.21 22.10 

Mustard + chickpea (1:3) 22.34 21.30 

g.bdn .:t. 0.665 0.415 
CD 5% N.S NS 

B. ~boaEhQ~s levels 
(kes P ha-1 ~ 

0 21.55 20.70 

10 22.86 21.25 

20 23.40 21.72 

30 23.54 22.38 

S.Em .t. 0.768 0.479 

CD 5" NS NS 
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levels on total phosphol"'US uptake was significant in 

both the crops in the two c:)Qsecut1.ve years (Table 158) 

and intera.ction effect was also signi..tic ant in mustard 

in 1985-86 at harves~ (Table 15b). There was marked· 

difference in both the years t it Was higher in 1985-86 

than 1986-87. 

The total phosphorus uptake in mustard WSB 

eign1ticmtly higher in sole mustard and mustard + 

chickpea (1&3) over mustard + chickpea (4&4). It was 

recorded in the order ot 86 and 84" at 75 daya and 77 

a&ld 91" at harvest, respectively, in 1985-86. In 

1986-87. simil.ar trend W83 J) bserved and increase was 

to the tune of 94 and 93% at 75 days and 73 Md 1 O~ 

at harvest, respectively. The application o:t 20 and. 

30 kg P ha-1• aignificantly inoreased the total phosphorus 

uptake over control at both the stages in 198.5-86 and at 

75 days in 1986-81 wl111e at harvest application of 

10 kg P ha-1 too had 8ignificant edge over control. 

The inorease in the total phosphorus uptake with the 
. -1, 

appli oation of 10. 20 and 30 kg P ha over oontro 1 

was to the tune o:t 2d, 44 and 49'6 at 75 days and 1" '2 

and 3~ at harve&t, respectively. in 1985-86. In 

1986-87, increase was to the order of 46. 68 and 73" 

at 75 days and 40, 56 and ~ at harvest. at 10, 20 and 

30 kg P ha-1 , respeotively. 

the total phoajilort1$ uptake in chickpea w_ 
significantly b1ghe r in .0.le' chickpea an4 JllUatard + 
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chickpea (" :3) over mustard. + chickpea (414) and 

recorded to the order ot 120 and 56" at 75 d?ys and 

142 and 51" at harves t, respective ly. in 1985-86. 

In 1986-87 f similar trend was observed and increase 

was to the tune of 120 .qnd 1816 at 75 days and 146 

aud 71" at harvest. respectively. The application of 

1~. 2.0 and 30 kg P ha-1 , significantly increased the 

I"V t.oal phosphorus uptake over control at 75 days in 

1985-86 while application ot 30 kg P ha-1 had slgn1-

f'i.cant adge over control ~t h.arvest in 1985-86 and at 

both the stages in 19a5-87. The "Ppl!cation o~ 10, 

20 and 30 kg F ha -1 increased the total. phosphorus uptake 

QV<9r control to the tune o! 3"', 3.5 qxld, 45~ ~t 75 days 

and 27. 35 and. .5:5" at harvl;iss:. :respeotively. in 1985-86. 

In 1986-81. the increase was to the order 01: 11 t 18 

and 4~ at 75 days and 21. 25 and 61~ at harvest, 

respectively. 

Table 1'(0), Interaction .11&0.-; o:l treatment~ on 
total pbolphorus uptake (kg ha- ) at 
harvest in 1985-8) 

-
i!IISIal!b2D11! JeUMz'lis e bl-~ -Planting patterns 

0" 10 0 

Sole auatard 16.80 14.27 32.26 25.31 

Sole ohickpea .. - - -
Mustard + chickpea 
(414) 

8.67 19.53 10.27 11.60 

Mustard ... ohiokpea 
(113) 

23.08 21.19 21.74 29.47 

S.Em.;-
CD , 

2_118 
7. 79 
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The toc31 phosphorus uptake in mustard ~t ha~Jest 

was significantly h1gh~r 1n mustard + chickpe~ (1:3) than 

mustard + chickpea (414) at 0, 20 and 30 kg P hs-1 in 

1985-66 (Table 15b). However. total phosphorus uptake in 

sola mustard and mustard + chickpea (1:3) was on P2r at 

different levels ot phosphorus except at 20 kg P ha-1 

where sole mustard had. signi.t'1ctmt ~dge over mustard + 

chickpea (113). 

The 1ntluence ot planting patterns and phosphorus 

levels on fertilizer phosphorus uptake was ai~nitlcgnt in 

both the crops in bOth the years (T able 16a) and. 

interaction effect was also sign1tlc'3llt in muatt:'.rd. orop 

at both the .stages In 1985-86 and at 75 days 1n 1986-81, 

the data is presented in Table 16(b), 16(c) and 16(d). 

The fertilizer phQaphorus uptake in mustard wss 

to the order of 83 an4 76J' at. 75 days and 95 and ~" 

at harvest in sole mustard and mustard + Ch!cltpea (113) 

over muatard + Chiokpea (4&4), respectively, in 19as ... e6 

(Table 16a). In 1986-87, similar trend was observed and 

increase was to the tune ot 89 and 12,", at 15 days and 

75 and 121" at harvest, respectivel.y. The application ot 

20 and 30 kg P ha-1• signifioantly lncre ased the tert!l! ;;;er 

phosphorus uptake Over 10 kg P hel .. 1 at both the s.tages in 

Doth tbe years. However, applIoat1C'1n of 30 kg P ha ... 1 

was also signifioantly superior over 20 kg P 11.-1 at both 
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the sr.ages in both the ye,11"'.1,:;. The inorease in the :ferti­

lizer phosphorus uptake with tne application or 20 and 30 
-1 -1 kg P ha over 10 kg P ha was to the tune o.f 48 artd 113" 

at 75 days and 61 and 102~ at harvest, respectively, in 

1985-86. In 1986-87, simil'U' trend was Q'bserved and 

inc ease was to the ·.)roer ot, 60 and. 125" at 75 d.ays and 

58 and 11~ at harvest, respectively. 

The .fert1lizer Iilos:phorus uptake in chJ.ckpea was 

significantly higher in sole chickpea over mustard + 

chJ.ckpea (4&4) and mustard + chickpea (113) and waa recorded 

to the order at 117 and 61" at 75 days and 150 and 8'" at 

harvest, respeotively, in 1985-86 (Table 16a). In 1986-87, 

s1m.ilar trend waa observed and increase was to the tune of 

130 and 66~ at 75 days and 150 and 54" at harvest, respec­

tively. However, fertilizer phosphorus uptake was s1gn1:t1-

cantly higher in mustard + chickpea (113) over raustsrd. + 

Chickpea (4.4) at harvest in both the years. the appllcation 

ot 30 kg P ha-1 , s1gn11'icantly increased the :fertilizer 

pbospnorua uptake over 10 kg P ha-1 at harvest in 1985-86 

and at both th.e stag.s in 19S5-81 i- The application ot 20 and 

30 kg P ha-1 inoreued the :tertil1zar phosphorus uptake 

over 10 kg P ha-1 to the tune o:t 52 and 14,,, at 75 daylS and 

19 and 71" at harv'eat, respectively, in 1985-86. In 1986-87, 

the similar trend was observed and increase was to the tune 

of 45 and 1.3~ at 75 days and 19 and 71" at harvest, 

respect1 vely. 

The teJ:"'til1zer phosphotwS 1:lptake in mustard at .." 

days 1n 1985-86 w.. Sip1ficant.ly h1&tler in au.tard + 

chickpea (1,3) oYer IlUIItard + obiokpea (414) at 10 kg P hal-1 
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while application of 20 kg P ha -1, sole must ard waa 

significantly superi~r OVer mustard + chickpea (414) 

and mus~ard + chickpea (1,3) (Table 16b). However, sole 

mustard and mustard + chickpea (1 :3) were slgn1.tlcantly 

superior over mustard + chickpea (414). rhe tertili~er 

phosphorus uptake increased with the increasing levels 

of phosphorus in all planting patterns. The application 

of 20 and 30 kg P ha-1 waa aign!.ticantly superior over 

10 kg P ha-1 in sole mustard, while application of" 30 kg 

P ha ... 1 had .significant edge over 10 kg P ha-1 in mustard + 

Chickpea (4,4) and mustard + chickpea (113). 

'l'he fertilizer phosphorus uptake in mustard at 

harvest in 1985-86 was significantly higher in sole 

mustard and mustard + oMckpea (113) over mustard + 

chickpea (414) at 20 and 30 kg P ha-1 (Table 16e). However. 

plan'ting patterns were at par with the applioation ot 

10 kg P lla-1 • Tne application ot 20 and. 30 kg P na1 waa 

sJ.gn1,ticantly superior over 10 kg P ha-1 in 8018 mustard. 

However, there was no significant e~~eo~ ot phoapnorus 

levels in mustard + ohickpea (414). The increasing levels 

ot phosphorus, increased the fertilizer phoaPlorus uptake 

in mustard + chickpea (113) and appUcation of 30 kg P ha-1 

had significant edge over 10 and 20 kg P ha .... 1 with the 

same planting pattern. 

The ~ert111zer phoaphorus uptake in ElUBtard at 

75 d.ays 1n 1989-87 we significantly higher in 801e 

mustard and mustard + ohiokpea (1.3) oyer Iluatard + chickpea 

(4l4) a~" 20 ._)0 lei p h.~1 (fable 114). Bow ..... 
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Table 16(b). Inter"lct1on effect of tre$tments on fertilizer 
pho8:(:ilorus uptake (kg ba-1) at 75 da.ys in 
1985-86 

Planting patterns ~~:Rtp!'Y:'! le1~Y' ~kg p b!~1l 

Sale mustard 1.41 3.48 4.. 14 
";;ole Ch1.akpea - -
Mustard + ch~okpea (414) 1.25 1.41 2.26 
Mustard + chickpea (1,3) 2.22 2.32 4.12 

S.Em,f 0.306 
CD .5 0.917 

Table 16(0). Interactivn effect o~ treatments on !ertillz~r 
phosphorus uptake (kg ha-') at harvest in 
1985-86 

Planting patterns 

Sole muatard 
Sole chickpea 
Mustard + ohickpea (4:4) 
Muatard + ohickpea (1&3) 

S.Em .:t. 
CD 5" 

1.66 -
2.33 
2.60 

5.2.8 5.19 
... .... 

1.65 2 .. 26 
3,,70 5.87 

0.466 
1.397 

Table 16(4). Interaotion efteot Of tre$t"JIlent. on t8rt111 aX" 
phosphorua uptake (kg ha~1) in 1966-81 at 73 days 

Planting patterns ~.2b2I'Y!! 0 :L!I!!!8 'M f aa-11 !Ill 
Sole IlUstard 1.23 2.37 3.24 
Sole chickpea - - -
Mustard + chickpea (414) 1.30 0.9B 1.33 
Mustard + chJ.ckpea (1'3) 1.26 2.72 3.94 

S.EaR,;. 0.342 
CD , 1.026 
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p1anting patterns were at par at lower dose of phosphorus 

1 -1 i. e. 0 kg P ha • The applloation of phosphorus 

5.1gni.f'1can~ly incI'e9.5ed the fertilizer phosphortl8 uptake 

in sole musta.rd. and mustard + chiokpea (1 13). The appli­

cation of 20' kg P ha-1 was significantly superior over 10 

kg P ha-1 -while 30 kg P ha -1 was superior over 20 kg P ha-1• 

Tne lntl.u8l'1ce 0'L planting patterna and phospho rus 

1evala on per cent Plosphorua utilization at appUed 

phosphorus was signi.t1cant in both the crops in both the 

years (Table 11a). the interaction effect was a.lao 

slgn1.flcant in mustard I!l't harvest in 1985-86 (Table 17b). 

Ther~ was marked d1.fterence in both the years, it. was 

nigher in 1985-86 than 1986-87. 

The utilization of applied pnoaphorus by mustard 

was signi.ticantly higher in .01. muatard and mustard + 

ch1ckpea (1 &3) over muatard + ohia_kpea (4&4) to the tuna 

of 5' and 81" at 7'J days and 53 and 61" at barvest. 

respeotive 11, in 1985-86 (table 11&). In 1986-87. e1m11ar 

trend wu observed and increase wu to the order ot 56 and 

7. at 75 da.ys and " and 8&6 at barve.t. respeotively. 

However. sole JIlustard and mustard + chiokpea (11') were 

at par but higher values were always obtained in IIlWItard 4-

Chiokpea (113). The inoreasing levels ot phosphorus 

daoreased the utilization o:t applied pho.phorua. however, 

a1gn1t1oant etteat wu aba.ned. at harft8" in bo'th the, 

1eara• the appl1oat:1on. ot 20 IIl4 )0 ka P h.-1 
t 4.0r.e~ed 
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the utilizati~n o! applied phosphorus. at harvest over 

10 kg P ha-1 tQ the tune of 24 and 4a' in 198.5-86. 26 

and 3'n' in 1986-87, respeotively. 

The utilization ot applied phosphorus by chickpea 

'II as significantly higher in sole chickpea. over mustard ... 

chickpea. (4.4) and mustard ... chickpea (113) to the order 

of 136 and 75" at 75 days and 136 and 9~ at harvest, 

resp.:!ct1va 1y, in 1985-86. In 1986-87. ai1Jl11ar trend was 

o bserved and increase was to the tune o£ 116 and 5"" at 

75 days and 154 and 62" at harvest. respectively. However, 

mustard + chickpea (4a4) and mustard + Chickpea (1.3) 

were at par out higher values were ootained in mustard + 

Chickpea (113). 'rhe utilization o£ applied phoaphonus 

was decreased with. the increasing level o:C phoaphorus 

application and the e!.tect was to the leve 1 of Signifi­

cance in both th.e years at harvest s'tage. 'the app11catl()n 

ot 20 and 30 kg P ha -1. decreased the u'ti11 zat10n of 

applied phosphorus over 10 kg P bi-1 to the tune of sa 

and 14~ in 1985-86, 67 and m in 1986-87, respeotively. 

The utilization ot applied phosphorus by muat~ 

at. harvest in 1985-86 was Significantly higher in muatard 

+ chiokpea (11.3) over 801e mustard at 10 kg P ha-1 • 'While 

sale mustard and mustard + chickpea (113) were 81gnj11-

cantly superior to mustard + Chi.okpea (414) at 20 and 

30 kg P ba-1 ('table 17b). The utilization ot appUed 

phosphorus in 801e auatard .1p.1.tioan:'~y 1nore ... d at: 
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20 kg ha-1 over 10 kg P ha-1 and deolined significantly 

from 20 kg to 30 kg P ha-1• With the application ot 20 

and 30 kg P na-1 • the utilization ot applied phosphorus 

was significantly lower than 10 kg P ha~1 in mustard + 

chickpea (4:4) and mustard + chickpea (113). 

Table 17(b). Interaction efract o~ treatments on per cent 
ut11i~ation ot applied phosphorus at 
harvest in 1985-86 

Planting patterns ~S~bOEY! ~~!lS 'lSi P bl-1l ..,l5 

Sol. BlWI tard 16.40 26.41 11.,0 

Sole Chickpea ... - -
Mustard ... chickpea (414) 23.36 8.28 1.'4 
Mustard ... chickpea (1.3) 26.03 18.54 18.56 

S.Em~ 2.387 
CD 5 7.157 

Ax_lab1e nu~n.eAif in 1011 

, A t -v!ilrlv.! 

The 1n£luence Qf planting patterns on 'A'-value 

W88 not slgnJ..ticant. however. phosphorus 1evels signi­

fioantly inrtuenced the 'A'-value at both the stages in 

both the orops in both the years (Table 18). There was 

marked dit:terence in both the years, it was higher in 

1986-81 than 1985-86. 

The fA. '-value in mustard was M1n1.lft\lll in lIlWitard ... 

chickpea (1.3) at all the stages in bOth the years wl\ll. 
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maximum value.s were obtained in sole rnuatard (117.3) at 

75 days ln 1985-86 and in mU4tard ... chickpea (414) at 

harvest in 1985-86 and at both the stages in 1966-87. 

The appllca'ci..:>n of 30 kg P ba -1 was significmtl.y 8uperi::>r 

oVer 10 kg P ha-1 at both the stages in 1985-86 whil.e 

applicati\')n ot 20 and 30 kg P ha-1 was 8igni±'1c'mtly 

superi.::>r Over 10 kg .l? ha-1 at bo'th the stages in 1986-87. 

-1 
~he higher levels o~ phosphorus i.e. 20 and 30 kg P ha 

.increased 'the 'A.'-value over 10 kg P ha-1 to the order of 

~, and 53~ a~ 15 days and 46 and ~ at harvest, 

resp0ctively, in 1985-€6. Wh1.1e in 1986-87 the increase 

was to :;he order of 38 and 5~ at 75 days and 40 and .5~ at 

harv~3t, respectively. 

The sole chickpea gave the minimum tA'-value 

at 15 days in both the years, while at harv9st 1 t was in 

mustard. + Chickpea (414) in both the years. ' However., 

max1.mum tA'-value was obtained in Dlus-tard + chiokpea 

(113) at both tha st~e3 in both the years (221.9, 448.2. 

245.7 and 514.6, respectively). Tbe higner dose o~ 

phosphorus i.e. 30 kg P ha-1 was s~gn1£1cant1y superior 

over lower dose 1.e. 10 kg P ha-1 at both the stages in 
-1 both the years. However, appUcation of 20 kg P ha 

had significantly higher 'At-value over 10 kg P ha-1 at 

harvest in 198,-8S -and at 75 days in 1986-87. the 

applicati,m ot 20 and 30 kg P ha-1 increased the fA' -Vi,alue 

over 10 kg P na ... 1 to the tune ot 51 and 75" at 75 daYf 

and '12 and. 11. &1; narv.at, respeot1vel.y and 1ncreae,. 



was to the order of 60 and 6~ at 75 days and 19 and 120ni 

at harvest in 1986-87, respectively. 

There was significant ef.tect ot planting patterns 

and phosphorus levels on availab~e nitrogen, exqept at 

75 days after sowing in 1986-87 ('.: able 19a). The interac­

tion e.t.tact a! 'treatments 'Was also aignJ..ti~ant in 1985-86 

at both the stages (Table 1911. 190). There was marked 

diUttrenca in available nitrogen in both. the years. it vas 

higher in 1986-87 than 1985-86. 

The available nit.rogen 'Was significantly higher 

in sole chick1"ea and mw:;tard + chiokpea (113) than sole 

mustarj and musta.rd + chickpea (4.4) at both the stages in 

1985-86 while, sole chickpea had significant edge over 

other treatments at harvest in 1986-87. Howevar. sole 

mUbtard and mustard. + ohickpea (414) wera at par at both 

tha atagea in both the yeara. In general, there was 

decline in available nitrogen with 'the increase in the 

leve-ls of phosphorus. Application of 10. 20 and 30 leg 

P haw' s1gn1.t'1cantly reduced the amount or available 

nitl"Qgen over control at 75 d.ays atter sowing in 1985-86. 

While at harves'c in both ths years .. applica.tion Of 20 

8Dd 30 kg P haw' sign11'icantly decre_eel the _ount of 

availabl.e nitrogen over control. 

The available nitrogen was .1gn1..ticantly hisher 

in sole ohickpea over sQle llua'bard, ... tard + chickpea. 

(4&4) $D.d, DlWStard .. ohiokpea (1 '3) ". oonU'ol at 75 

clays ~.r .owinS in 19.,. ('IOle 19b). 'he .01e 
I I 'I " ' 



Taole 19(a) •. ,:rfect o£ tra"l"Qaenta on available nitrogen in 
soil (kg ha-1 ) 

Treatments 1996-87 

15 DAS Harvest 75 DAB H'lrvlist 

.\. Planting eatyetps 

Sole mustard 125.10 87.61 160.37 125.'3 

.:>01e chickpea 136.,8 99.38 181.97 132.92 

Mustard + chickpea (4&4) 125.73 88.73 170.46 126.83 

Mustard + chickpea (113) 130.67 9.5.17 175 • .56 128.31 

S.Em j;, 0.699 1."7 6.743 0 .. 6'9 
CD 5~ 2.020 3.980 NS 1.903 

B. PhosEbsi!rus !eu~s 
(kg P ,ba-1) 

0 1'3.10 95.,4 175.2, 129.'0 

10 130.81 95.23 176.35 129.08 

20 127.83 89.89 174.91 127.13 

30 126.08 90.23 161.87 127.42 

S.Ea .t. 0.699 1."7 6.743 0.659 

CD '" 
2.020 3.98:> NS 1.903 
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Table 19(b) • Interaction effect ot treatments O~ 
available nitrogen in so11 (kg ha-1 ) at ' 
75 days 1n 1985.;.a6 

Planting patterns 

Sole mustard 

Sole cbickpea 

Mustard + ohickpea (414) 

Mustard + Chickpea (1 :3) 

S.Em ::t. 

CD '" 

Phosphorus levels (kg P ha-1) 
0 10 20 30 

123.73 126.40 124.83 125.46 

159.16 131.32 128.'9 126.40 

124.20 127.02 126.24 125.46 

125.30 138.11 131.66 127.02 

1.399 
4.041 

Table 19(c). Interaction effect of t~ataent8 on available 
nitrog~n in so11 (kg ha-1 ) at haryest in 
1965-ffi 

Planting patterns Phosphorus levela (kg P ha-1) 

o 10 20 30 

Sole muatard 92.07 87.34 85.03 86.02 

Sole chickpea 107.03 102,40 100.07 as. OS 

Mustard + Chickpea (4:4) 88.73 83.40 87.06 95.73 

Mua~ard + chickpea (113) 94.'.5 107.83 81.40 91.09 

s.EII + - 2.713 

CD '" 7.960 
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chickpea and mustard + chickpea (1:,3) had. significantly 

higher amount o£ available nitrogen over aole mustard 

and mustard + chickpea (414) a.t 10 kg P ha-1 while with 

the application or 20 kg P ha-1 • mustard + chickpea (1t3) 

proved significantly superior over s()le mustard and 

mustard + ohickpea (4.4). The higher dose ot 30 kg P ha-1 

could not bring significant difference between planting 

patterns. There was no significant et:tect ot increasing 

levels ot phosphorus on available nitrogen in sole 

lIustard and mustard ... ohickpea (4.4). The increulng 

levels of phosphorus signiticantly reduced the amount 

of available nitrogen in sole chickpea while in mustard + 

chickpea (1 ,3), it !noraued si.gnificant1y upto 10 kg 

P ha-1 than declined significantly upto 30 kg P ha-\ 

'the aVailable nitrogen was signi,ticantly higher 

in sole chiokpea over sale mustard. mustard + chiokpea 

(4,4) and mustard + chiokpea (1a3) at control and 20 kg 

P ha-1 at harvest in 1985-86 (Table 190). The 801. 

chickpea and rauatard + ohickpea (1.3) h.ad algnificantly 

higher _aunt ot available D1trogen over 801e mustard 

and Ilustard. + chickpea (4a4) at 10 kg P h.-1 • The M&her 

dose of 30 kg P ha-1 could not produce significant 

difterence between planting pattema. Though !ncreasing 

levels ot phosphorus decreased the available nitrogen ir1 

lole mustard but effect v.. not sign1ficant .. The inc­

reasing levels of phosphorus c1ecreaaed. the available nitro­

gen in sol. chickpea, 0. 10, 2.0 kg P h.a-1 had. signifioantly 

nigher _ount ot 8011 avail.,le nitrogen over '0 kg P h.-1• 
, 

the av_lable nitrogen in ...... ard + ohiokpea (414) 
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decreased upto 10 kg P ha-1 , thereafter, increased upto 

30 kg P ha-1• There was s.1gn1,ticant dJ.t:terence between 

30 and 10 kg P ha-1_ The available nitrogen significantly 

increaaed upto 10 kg P ha-1 therearter, decreased 

:signif1cantly in mustard + chickpea (1'3). 

Thare was aign1.tlcant effect ot planting pattems 

on available pb.os,Iilorus at harvest in 1986-87 while of 

ptloSphorus levala at 75 days atter sowing in 1985-86 and 

at h~5t in 1986-87 (Table 20a). The interaction e~teot 

of treatments wu also significant at harvest in 1986-87 

(T able 2Qb). 

Though. there was no algn1..tlcmt effect of 

planting patterns on available phosphorus at both the 

stages in 1985-.a) and at 75 days attar sowing in 1986-87 

but max1mta anount of availal:lle phoaphorus was found in 

c_a of sole Chickpea .followed by IBWItard + chickpea 

(113), auatard + ob.1ckpea (4,4) and sol •• ustard. At 

harvest in 1986-81, 801e cb1ckpea had significantly 

bJ.gher amount of avallable pboaphorus than rest ot the 

planting pattema. The !nCN_inS levels ot phosphorus 

!noreaaed the available ph08phoNIJ at both the stages in 

both, the years but application ot 30 ks P h.-1 had. 

8~gn1ticantly higher amount of available phosphorus 

than control at 15 days after sowing ill 198,·86. A.t 

harve8-t in 1986-87, appUcat10n 01 10. 20 8D4 30 k& P ha-1 

had 8ipU'loantly biaher ava11abl. ph08pbol'U8 1;h1U\ ooJUl'Ol. 

ijowav.... appliod1on ot 30 q P ba -1 had ,i_t.101111 
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table 20(a). E:f!'ect ot treatments on available phosphOrus 
in s011 (kg ha-1) 

Treatments 1985-86 

. 75 DA.3 Harvest 75 D,<\S Harvast 

A. Planting P!tierw 

Sole mustard 13.49 13.64 11.46 11.62 

;:)ole chiokpea 17.66 17_72 12 • .57 13.06 

Mustard + chickpea (4:4) 14.74 13.93 11.68 11.75 

Mustard + chickpe~ (1:3) 14.90 16.15 11.69 12.00 

::).£11 .:t. 1.431 1.372 1.358 0.31' 
CD 5~ N3 N:J NS 0.919 

B. Ph28W'.!~ levels 
(lsS, P ba-1) 

0 11.66 13.75 10.83 9.74 

10 1,.25 13.62 11.34 11.47 

20 15.63 16.91 12.11 12.07 

30 18.24 17.17 13.04 15.16 

S.Em :. 1.431 1.372 1.358 0.313 

CD '" 
4.199 NS NS 0.919 



edge over 10 and 20 kg P ha-1• 

'l'here was no significant d1.fterenca in the 

amount of available phosphorus DOng planting pattema 

at control at harvest in 1986-81 (Table 2Ob). wbile 

Bole muatard had significant edge over mustard + chickpea 

(1.3) with the application of 10 kg P ha-1• With the 

application of 20 kg P ha .... 1• 801e mustard and 801e 

Clhickpea had significantly higher amount ot available 

phosphorus than muatard + chickpea '1'3) while sole 

chiokpea and mustard + chickpea (1.3) were signifioantly 

superior over lIole must ard and suatard + Chickpea (414) 

with the application of 30 kg P ha-1• 1'h£re- was signi­

ficant increase in available phosphorus upto 10 kg P b.a-1 

in sole mustard While. applioation of 20 and 30 kg P ha-1 

were significantly superior over control and 10 kg P ha-1 

in sole chJ.ckpea. tbe application ot 30 kg P ha-1 was 

.1gni:l1cantly .uperior over O. 10 and 20 kg P ha-1 iD 

sustard + ohiokpea (414) and aua~ard + ohickpea (113). 

However, there was no. a1p1t1cant dit.tarertce in O. 10 

and 20 kg P ha-1 1D both lIustard + ohickpea (414) _d 

auatard + chickpea (1,3). 

Table 20(b)" Interaction ett.ct of "treat.ant. on 
aVailable phOspborua in 8011 (k, hll-1) 
at harvest in 19a6-S1 

Planting patterns 

Sola auatard 
Sole Chickpea 
~tard + ch1ckpea(4s4) 
Mutai'd. .. Ch1okpea(1.}) 

a ,Sat: aD , 



9.5 

4.4.4. 

The available potaasiUD was not sign1ficantly 

In£luenced by planting patterns and phosphorus levels at 

both the stages in both the years (Table 21). 

The m.aximum amount o:t available potaasium was 

round in sole chickpea at; both the stages in both the years 

and the minimum anount in case of mustard + chickpea (113) 

a.t both 'the stages in 1985-86 and sole mustard at both the 

stages in 1986-81. There was decrease in the available 

po~assium with the increase in the levels of phosphorus. 

The maxiJAlWl amount was observed at control and minimum 

with 30 kg P ha-1• 

The response ot mustard and ch1ckp~a crop. to 

phosphorus fertilization was quadratic. The response in 

kg kg-1 P was higher in 1986-87 than 1985-86 in both the 
.041 

orops (Appendix II). With the applioation of 1 kg P hg, t, 
there was increase in mua'tard aeed yield to the order 

of 14.26 and 14.93 kg in 1985" and 1986-8'7, J"e.pectively. 

S1a11arly the uae of 1 kg P ha-1 gave additional ch10kpea 

aeed yield oJ:: 11.71 and 12.98 kg in 1985 .. e6 and 1986-87" 

respeotively. The returns per rupee investment in 

phosphorus was hight3r in 1985-86 (Ra 4.52) than 1986-87 

(Rs 4.39) in Oas8 ot mustard. In oontrast,. the returns 

. were higher in 1986-87 (Ra 2.48) than 1985 .... 86 (Ra 2. '2) 

in CMe of cb,1ckpea. 



fable 2.1. ~!.fect o! trear.ments on available pot;a8sium in 
soil (kg ha-1 ) 

'rreatments 1985-86 1985-87 

75 DAS Harvest 13 DAS Harvest 

\. PlgnthBg patterns 

Sola mustard 90.30 94.50 119.90 106.,2 

5.:>1e chickpea 103.4.3 116.15 127.87 130.02 

Mustard + chickpea (4:4) 91.65 109.03 127.40 111.71 

Mustard -+ chickp9"l (1:5) 6.5.87 815.40 120.87 108.10 

S.Em ,;1;. 6.969 9.767 9.312 8.167 
CD 5~ NS NS lfS NS 

B. Pb2SI!h2rus Jr,aJ':eJ:s 

USi p aa-1 1, 

0 98.23 105.83 137.67 117.81 

10 92.00 10.5.67 121.80 11'.95 

20 91.19 102 .. 10 120.37 112.36 

30 89.83 92.48 116.20 110.24 

S.Em + - 6.969 9.161 9.372 8.167 
Co 5~ NS NS NS NS 
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4.6. Studies o~ pl~ting p~tteER! 

There was marked. di.t.tet4enoe in light intercepti::m 

in two years, it was hJ.gher in 1985-86 than 1986-87 

(Table 22). Tho maximum llght interception by mustard 

was observed in mustard -+- chickpea (1 :3) at 75 days and 

105 days stage in both the years and values were 45.33. 

53.33, 40,21 and 48.5~. respectively, while light lnter­

oeptiun W8..b mOl~e or less sana in so~e mustard and mustard 

+ chickp&a (414). There was clear effect of phosphorus 

::a.pplic -ltlu.ll un light interception and maximum. values were 

ObS~rvcid with the application of 30 kg P ha-1 and minimum 

wi th c..)ntrol. 

The Ugh t in-carcepted by ch10kpe a was maximum 

in mustard + ch.1ckpea (183) at early stage i.e. 75 days 

in both the years" while at later stage 1.e. 10.5 days 

801e Chickpea had precedenoe over others in bot.h the 

years. With "the increasing levels of phOsphorus there 

was increase in the light interception. 

The Ught available at the top o;r chickpea 

plants was 1UOJ' in case of sole mustard and mustard + 

Chickpea (4.4) while it waa leas 1n DlUStard + chickpea (113) 

due t~ .shading ot mustard. The data is presented in 

fable 23. 'l'b.& available. 11&bt tor Chiokpea vari.d from 
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94.15" to 17.3r::tJ'. It reduced with the advancement of 

crop growth. and with the increasing levels of phosphOnJ.$ 

in 00 th the ye ara • 

Table 23. E.ttact ot phosphorus on per cent llght available 
to chickpe a in mustard ... chickpea (1:3) planting 
pattem 

Phosphorus 1985-86 1986-87 level.s 
(kg P ha-1 ) 75 DAS 105 DAB 75 DAS 105 DAS 

0 94.75 88.20 94.35 89.20 

10 90.05 86.00 89.65 85.90 

20 90.15 81.90 90.55 81.40 

30 89.00 79.30 89.80 77.30 

There was aignJ.t1cant effect o! planting patterns 

on total dry matter produotion in both the stages in both 

the years, bUt phosphorus levels could influenoe signifi­

cantly only at 75 days in 1985-ai and at harvest in 

1986-87 (Table 24). Total dry matt~r produotion d.1t:tered 

aarkedly in both the years, it was higher in 1985-86 than 

1986-87. 

The "tOtal dry matter production was sign1.t1cantly 

higher in mustard + ohJ,.ckpea (1 (3) than sale mustard. 

8018 ohickpea and mustard + chickpea (414). the increase 

w.. to the tune of 30, 306 md 81" at 15 days and 34, 
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Table 24. ~ffect of treatments on total dry matter 
pro~uctiJn (q ha-1) 

l'reacments 1985-86 1986-87 

75 OAS Harvest 75 DAS Harvest 

\. PlantinG gatterns 

.iole mustard 49.13 81.47 41.58 70.87 

.:>ole chickpea 15.69 38.56 12.99 28.21 

Mustard + chlckpe8. (4~4) 35.35 51.56 25.98 44.92 

l'lustard + chic kpe '1 (1:3) 63.82 109.39 53.97 95.67 

'::;.i..:m .;!;. 1.186 1.881 1.987 1.429 
CD 5% 3.426 5.431 5.738 4.126 

B. Phosen~rus le!els. 
(kg P ha-1 i 

0 38.21 68.13 30.57 56.60 

10 39.71 67.20 33.72 59.56 

20 41.51 72.57 34.84 61.59 

.30 44.56 73.08 35.40 61.92 

.3.£m .:I::. 1.186 1.881 1.987 1.429 
CD 5" 3.426 NS NS 4.126 
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184 and 121" at barvest, respeotively, in 1985-86. The 

3')le mustard was significantly superior over mustard + 

chickpea (414) and sole ohickpea at both the stages in 

1965-86. However, mustard + chiokpea (4,4) 81.0 had 

significant edge over sole chickpea at both the stages. 

Similarly, in 1966-87. tota1 dry mat cer producti.)n was 

significantly higher in mus"tard + chl.ckpea (113) than 

sole mU3~ard, sola ChlCKpaB and mustard + chIckpea (4,4) 

to "the order of 30, 31.5 and 10&1' at 75 days and 35. 239 

and 113" at harvest, respectj.vely. The sole mustard. was 

significantly superior over mustard + chickpea (4*4) 

and sula chickpea at both the stages, while mustard + 

chiokpea (4:4) had significant edge over sale ohickpea 

at both the s t; ages. 

The application of 30 kg P ha-1 • produced 

sign1:£1cantly higher total dry matter production at 

15 day. in 1985-86 over control and 10 kg P h8.-1• The 

lnoraaae recorded was 1;0 the tune ot 17 and 121'. respec­

tively. Though, there was no significant effect of 

applic~tlun ot phosphorus on total dry matter production 

at harvest in 1985-a; and at 75 days in 1986-67 but 

increasing levels of phosphorus increaeed the values. 

In 1986-87, appllcati.:>n or 20 and 30 kg P ha-1 • produced 

significantly higher total dry matter proauction over 

control at harvest. 

There was 8ignJ..t1cant influence of planting 
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patt€:!m."3 and phosphorus levels on lDustar.l equivalent 

yield in both the years (Table 2.5a). Though, there was 

m:lrked di£.farence in both the years and it was higher 

1n 1985-86 than 19e6-87. 

The mus-card equivalent yield was sign1.t1c antly 

bigner in mustard + chickpea (1'3) over sole mustard. 

sole chickpea and mustard + chickpea (414) to the tune 

ot 32, 153 and 32" in 1985-86 and 2.3, 2.04 and 2.6" in 

1986-87. respectivelj. However, 501e musta~d and 

IJlUStard + Chickpea (4:4) were at par but significantly 

supt:?rlor over sale chickpea. 

The mustard equivalent yield significantly 

-1 increasad upto 10 kg P ha thereafter, there was no 

:::;ign1:f'icant difference. The appl!cacion of 10, 20 and 

30 kg P ha-1 increased the m.ustard equivalent yield over 

control to the tune of 13. 14 and 1'" in 1985-86 and 

'16. 22 and 2'" in 1986-87. respectively. 

The interacti.:)n effect of trea;tlllants on mustard 

equivalent yield was a1s~ significant in 1985-86 ('laDle 

2517). The mustard equivalent yield of lDu.atard + chickpea 

(1.5) was significantly higher than sole mustard, sole 

chickpea and mustard + Chickpea (414) at the each level 

of phosphorus applicati.Jn. However, aole musta.rd. and 

at.uatard. + chickpea (4&4) were alao signifioantly superior 

over sole chickpea at all the levels of phoaphorua. The 

Dluatard + chiokpea (414) va a1.gn1t'lcantly auperior over 
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~able 25(a). 3££eot of treatments on mustard equivalent 
,Yield (q ha-1) 

l're al;men'Cs 1985-86 1986-87 

'\. Plan~lU5 Qattaral 

::lole mustard 22.85 19 .. 73 

.:.>.:>le cbickpaa 11.90 7.98 

Mus r;ard + chickpea (4:4) 22.86 19 .. 25 

Mus 'card + chickpea (1~3) 30.14 24.27 

S.2m .to 0.281 0.659 
CD 5?' 0.812 1.903 

.8. Pb~sEhorus le~els 
(kg r na ... 1 ) 

0 19.82 15.38 

10 22.45 17.90 

20 22.58 18.76 

30 22.90 19.20 

S.~ .t 0.281 0.659 
CD 57' 0.812 1.903 
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5c~le mustard at contr-..)l tmd 10 kg P ha-1 and a revel"'se 

trend was observed at 30 kg P ha.-1• The mustard 

equivalent yield s1gnificantly increased upto 30 kg P ha-1 

in sole mwtard. 'While thetre was significant increase 

upto 10 kg P ha-1 in sole chickpea and mustard + chickpea 

(1 :.3). There was also significant increase upto 10 kg 

P ha-1 in mustard + chJ.ckpea (411+) thereafter. it 

decreased. 

Table Z5(b). Interaotion e:t!ect of t:reatments on mustard 
equ1.valent yield (q ha-1 ) in 1985-86 

Planting patterns Sh212G2'¥O le!!~a bY f lla-tl 
~ ~O 

Sole mustard. 19.64 21.85 24.07 2.5.84 

Sul~ chickpe a. 10.24 12.41 12.66 12.29 

Mustard. + chickpea. (4,4) 21.75 23.93 22.87 22.89 

Mustard + chiokpea (1,,) 27.65 ,1.61 ,0.11 ,0.57 

S.Em./-CD , 
0.,62 
1.625 

The land equivalent ra-t10 was estimated tor 

in~eroropp1ng systems and the data 1. presented in 

Table 26. 

In Doth the y8 ars. L8R values were higher in 

mustard. + chickpea (113) than mustard + chickpea (414) 
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and was r~cQrded to the tune of 3.3" in 1985-86 and 

25" in 1986-87. With the increasing levels of 

phosphorus LBR decreased. Tbe maximt.m values ware 

obtained at control i.e. 1.42 in 1985-85 and 1.44 

in 1986-87 and minimum val.Ues at 30 kg P ha-1 1.e. 

1.23 in 1985-86 and 1.28 in 1986-87. 

Table 26. Ettect of in"c;ercropping aya tams and phosphoI"'U.a 
levels on land equivalent ratio (l£R) 

Treatments 1985-86 1986-87 

A. ID.tersDumw 8::,£stems 

Mustard + chickpea (414) 1.14 1.21 

Mustard +- Ch.1.ckpea (113) 1.52 1.51 

B. ~bQs2no£y! le~el! 
(i& .P

M 
pa-1.l 

0 1.42 1.44 

10 1.41 1.40 

20 1.27 1." 
30 1.23 1.28 

Tb~ combined total phGSphorus uptake was 

sign1:f'J.cantly influenced by planting pat terns and 

phQsphc:»ruB levels at both the stages in both the years 

(:Cable 27a). There was marked difference between 

both the years, it was higher in 1985-86 than. 1986-87. 

'the in:taraction eflect of treatments on combined total 
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T aole 27( a) • Effect ~t treatments on ~mblned total 
phosphorus uptake (kg ha- ) 

rr0utments 
1985-86 1900-87 

75 DAS Harvest 75 DAS Harvest 

A. I-1mc1ng p~te~ 

Sole mustard 18.86 22.16 15.71 19.01 

Sole chickpea 6.14 11.85 4.88 9.39 

Mustard + chickpea (4.4) 13.37 17.41 10.34 14.80 

Mustard + chickpea (1:3) 23.26 31.25 18.83 29.18 

S.Em 1. 0.910 1.171 1.142 1.006 

CD 5% 2.629 3.380 3.297 2.911 

B. Phos~horUs levels 
<kg. P ha-"l 

0 11.75· 16.81 9.05 13.21 

10 15.65 19.69 12.40 17.73 
-

20 16.81 22.36 13.20 19.41 

30 17.42 23.82. 1'.08 22.02 

~.Em t.. 0.910 1.171 1.142 1.008 

CD 5% 2.629 3.300 3.297 2.911 



107 

phosphonJ.S Uptake was alao sign1.f'lcant at harvest in 

ooth the years (Table 27b. 27c). 

The combined total phosIilorus uptake was 

significantly h1gh.~r in musi;ard + chickpe,~ (1 :3) than 

sola mustard. 601e chickpea and mustard + chickpea 

(4&4) to the tune at 23, 279 and 74" at 75 days and 41, 

164 and m at harv:tst in 1985-86. respectively. The 

sole mustard. dIld mustfU'd + chickpea (4:4) were 

3iuni.fl~llltly superior over sole chickpea at both the 

St:az2S in 1985-86. SilJ1ilarly, in 1986-87, combined 

total phoaph)ru5 upt.ake was s1gnific mtly higher in 

mus t9.I'd + ch,ickp~a (1&3,) than sole mustard, Bole 

chickpaa and mustard + cbiokpea (4.4) to the order of 

2.0, 2.86 and 82.?6 at 15 days and. 53, 211 and 9~ st 

har·vest, ~spectiv&ly. 'l'he sole mustard and mustard 

+ ehickpel-\ (414) had significant edge over sale 

chickpea at both the stage •• 

The application Q! 10. 2.0 and 30 kg P ha-1 

significantly increased the combined total. phosphorus 

uptake over contro1 at 75 d.ays in 1985-a6 and at both 

the stages in 19£:6-81 (Table 27a). However, the 

application o~ 20 and 30 kg P ha-1 significantly 

inoreased. tlle uptake over control at harvest in 1965-86. 

The lIlaximura uptake values were .obtained at 30 kg P ha-1 

at bo.th the stages in both the years. 

The combined total phosphorus upt aka WM 
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'r aole 270. Inter lctl:>n e:t'!ect ot treatments on combined 
total phosphOrus uptake (kg ha-') at harvest 
1985-95 . 

Planting patterns Phosphorus levels (kg P ha-1) 

o 10 20 ,0 

S019 mustard 16.81 14.28 32.26 25.31 

Sale chickpea 10.58 12.19 11.61 13.01 

Aus 1;ard + chickpea (414) 12.04 24.31 16.25 17.07 

Mus tard + ohi 0 kpe a (1:3) 27.81 27.99 29.34 39.88 

S.Em .t. 2.341 

CD '" 6.761 

Table 270. Interaction e.t.:tect ot treatmant1 on oombined 
total phoBph~rus uptake (kg ha- ) st harvest 
in 1980-87 

Planting patterns 
Pboaphorus levels (kg P ha-1) 
o 10 20 30 

Sole mustard 13.02 18.30 21.'7 23.15 

Sole chickpea 7.56 9.64 9.07 11.29 

Mustard .... chickpea (4J4) 9.99 18.8, 14.36 16.00 

. Mustard .... chickpea (113) 22.27 24.13 32..67 31.66 

s.£m .i. 2.016 
CD 5" 5.822 
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significant.ly higher in mustard + chickpea (113) 

over rest of the planting patterns at oontrol and 30 

kg P ha-1 application, while it had significant edge 

over sole mustard and 801e chiCkpea a.t 10 kg P ha-1 

and sole chickpea ,~ mustard + chickpea (4.4) at 

20 kg P h~-1 at harvest in 1985-66 (Table 27b). The 

sole must~ had significantly higher uptake with the 

application of 20 and 30 kg P ha-1 ov-=r control and 

10 kg P ha-1• There was no aigni.t1.cant e:tf'ect of 

increasing levels of phosphorus in sole chickpea. The 

~hospho!'U3 uptake increased s1.gn1r1c~tly upto 10 kg 

P ha -1 thereafter, declined signJ,.ficantly in mustard ... 

chickpea (l~:4).. The application of 30 kg P ha-1 

signi.tlc Rll'cly increased the uptake c>ver D, 10 and 20 
"I 

kg P he. - in mustard ... chickpea (113). 

The combined total. phosphorus uptake was 

signl.ticantly higher in mustard + ohJ.ckpea (113) over 

rest ot the planting patterns at control, 2.0 and 30 

kg P ha-1 , while over sale mustard and sole chickpea 

at 10 kg P ha.-1 at harvest. in 1986-87 (Table 27C). 

Sale chJ.e;kpaa ha.i ;;;ign1ticantly minimum. phosphorus 

uptiake at. all the lravals of phosphorus. The sale 

mUQtard ·and muscard ... Chickpea (113) had signifioantly 

higher uptake at 20 and 30 kg P ha-1 o'ler oontrol 

while sole chickpea CQuld not have significant effect 
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Table 2.8. Monthly soil moisture depletion pattern (mm) 

Month Mean 

I II III IV 
deple-

V Total t1on/day 

1282-86 . 
Soil 24.2 4.7 10.4 24.3 42.2 10'.8 
tn:Jisture 
depletion 

Effect1 ve J 24.8 22.4 39.6 15.2 102.0 
rainfall 
(Ulm) 

Consump- 24.2 29.5 32.8 63.9 57.4 2.07.8 1.38 
t1va usa 
(nun) 

Depl..:t1)u/ 0.81 0.95 1.C6 2.20 1.85 
daJ 

19.e6-BZ 

So11 26.3 23.5 24.4 16.3 15 .. 8 108.3 
moisture 
depletion 

Effeotive 0 ,.4 24.0 1.0 18.8 ,'.2 
rain1'all 
(mm) 

Consump- 28.3 28.9 48.4 2'.3 34.6 163.5 1.09 
t1vti use 
(mm) 

Depletion/ 0.91 0.96 1.61 0.75 1.23 
daj 
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of: phos~orus levels. The uptake increased s1gn1ti­

c antly upto 10 kg P ha-1 in mustard ... chickpea (4 z4) 

thereafter, it declined. 

the data o~ monthly soil moisture depletion 

pattern is presented. in Table 28. The 8011 moisture 

depll:.!T.i.:.m w ns more or less 8 arne in both the ye ars 

through, i.t was higher in 1986-87. Thft contribUtion 

of rFrl.nt"'\1.1 was f!lmost double .in 1985-86 as o~Jlpared 

to 1986-87. Th.e consumptive use ')t wa.te~ was markedly 

higher in 198j-& than 1986-87. The mean value tor 

a day was 1.38 Dmt in 1985 .. 86 anli 1.09 mID. in 1986-81. 

Except .tirs t month of '1985-£:6 eeason9 there 

was sufficient rains in all the months which waa well 

dis t;r.i.but.ed too.. In 1986-87, the f1rst two months 

were ary, only 5.4 D'UIl rain was reoeived but there was 

su.f1'lC.ioi!nt rains in "the third and :t1:fth month whiCh 

concia_d to tlowering and a111qua/pod development 

stages. 

. .... 



,. DISCUSSIQ.N 

In this experiment. mustard (Drag.ica jWlcea L. 

C zero and Coss) variety, Puaa BarSi and chickpea (Cieer 

ariet1m.m L.) variety. Pusa 261 were grown .in dJ..tl"erent 

planting patterns viz. I 801e crops ot mustard and chi.ckpea, 

mustard + chickpea in 414 and mustard. + chickpea in 113 

row ratios. The row spacing l'or mustard and chickpea 

under sale cl'l)pping as well as under 414 row ratio waa 

kept as 45 em whereaa 20 em spacing vas maintained 

between the plants. When mustard + ohiokpea were p1anted 

in 113 row ratio the inter-row spacing for mustard 'Was 

doubled to 90 em and inter-p1ant spacing was reduced 

to 10 om to maintain the uniform. plant popul.atlon 1evel 

of base crop mustard in the planting systems. The inter­

row spac1ne was kept 30 em when ohickpea was raised as. 

interorop between the mustard row. in 1 '3 system. The 

:tert111~er phosphorus doses ~ven were 0, 10, 20 and '0 

kg P ha-1 to both the crop oomponents on are a basia and 

1 abelled :eertil.izer was applied to both the crops in 

the speoified rowa. Total 16 treatment oombinations were 

testad in a Randomiaed Blook Design with three 

replleatlJn8 • 

Mustard and ohickpea are the .IIost irDportant crop. 

o:t rainf'ed agrioulture in North and. North""'W'e8t India. 

These are cul t1 vated in 801e as well as 1I'l aixed/lntercrop 

standS. The ~i' Is:w .ustard and ~-261 chiokpea 

di.ttered in their growth patternS.· The peak vegetative 

and repl"Oduoti va ph_e. o~ bOth the orops did not oocur 
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simul.tan90usly, making the intercrowing more compatible 

than nomally expected with the conventional varieties o~ 

mustard and ch1ckp~a. cul.t1v!Jted. earlier. The planting 

patterns and phoapbJrus levels were expected to influence 

the utiUzat10n patt.ern ot growth resources (moisture, 

nutrients, light and. apace) and exhibit the changes in 

the growth, develoraent and yield o~ the crops. It was. 

tharetore" necessary to identity the reasons tor 

advantages/reductions in crop yields, the different 

planting patterns under varying levela o.~ phosphorus where 

moisture was limiting and seasonal variat10na in rfUnfall 

were vary wide both in terma ot amount and 1 ta distribution. 

5.1. Qmp SjSl911 

The crops in 19a; ... 86 saaaon ware sown on November 6 

but in 1986-81 the sowing wsa done on October 21 which 

18 seventeen days earlier to first year. Tne weekly 

weather data collected in the 1:.\\0 orop aeuons are given 

in Appendix I and depicted by .Fig. 1. the data showeel 

large variatJ.ol1$ in tha _ount and distribution ot rainfall 

in the two crop seasons but the differences recorded 

in other weather parameters were small .. 
I 

In 1985-86, the raina 3 weeka betore soWing were 

au.t:ficlen't (77.4 mm) and seven more llhowers were received. 

in the crop season. rhe total amount of raintall 

received c1ur1ng the orop •• aaon was 102.6 1JlD).' ha.ving better 

distribution and 1 t conolded 'W1 th Vet getatl ve, fiowering 

aDd ailiqua/pod development atages. Therefore, the crop 
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growth, developnent and yield were a.s good as obt ained 

Zrom :i normal irrigated crop (Tabl9$' 3 to 9). Contr!U"y, 

in 19£:6-87, 4.5.4 mm rains 3 weeks betore sowing were received 

and moi;;;ture was just sufficient for germination and 

s eedllng es tabllshment. But later on only 5.4 mm rainfall 

was rt;ceived in 12 weeka period and crops auttered moisture 

stress in the 1n1 ti al perJ.od o~ growth. Tbe prolonged 

drought period o:f Tl days adversely a£fectEtd the vegetative 

growth ot crop plants (Tables 3 to 7) but later rains 

(49.8 IDa )recelved between January to March coinoided with 

the flowering and siliqua/pod. :rormatlon stages ot both 

the ero ps • The &018 ture supply at tbe$d stages fa.voured 

the crop growth and loaMs oauaed. due to drought in 

initial crop growth was compensated to some extent 

(Tables 3.4,5.8). 

the lIloist.ure deficit in so11 during the dry periods. 

adversely at':Cected growth, deveJ.opment and. yield ot mustard 

and chiokpea (TabJ.a 12). It 1a a well recognised :tact 

that water de.tic.tt in rooting zone reduced nutrient uptake 

by crop plants and adve ra ely affect the II'Owth and 

devel0Pllant (Gupta, 1982), thereby reducing the orop 

yield (Shaw and Laing, 1965). 

5.2. EUeot it plMt1Pi patt,ma 

5.2.1.liQm,,' Pt94YSt19D 

The growth and developmen't 0 t Ol'OP plante are 

specially lntlu_oed by its· constitution, though the 

environmental and. rhi20aphel'1o :factors slons w1'th the 
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cultural pJ:'-3.ctices adoptod are equally important. These 

.factors play an important role in carrying out total 

pl.3.0.'t processes 'Jihich ultimately determine the e:tfect1ve 

oro;; fl.!.'.) :luci;lon. 

It haa been observed during the critical eValuation 

ot the experimental data that the biomass production in 

mustard was maximum when mustard was raised in 1" system 

(Fig. 4). This may be attributed to the superiority in 

all growth parameters c::lntribut1ng towardS increased- biomass 

prodUction i. e. pl ant height (T able 3) It number of main 

branches (rable 4). Bub-branches (Table 5). leaves (Table 6) 

and LAI (Fig. 3). Higher LA! had been reported under 

intercropping systems by Lin !1 Al,. (1981). In mustard + 

Chickpea (113) sys tem due to increase in the inter-row 

space (90cm). the number of plants within the row increased. 

Though. this resul.ted in greater inter-plant competition 

in a row but the adverse effect of plant to plant cornpeti tion 

within the row was o~t8et oy the wider inter-row space 

aViU.lable in this pattern. maldng utili zation ot growth 

resources more efficient (Tables 15a. 22). 

Bettdr resource utilization in mustard + chiCkpea 

1ntercropplng system was also reported by Kushwaha 

(1983) under dryland. oonditions. Wider inter-row spacing 

provided .more lateral space tor branChing and leaf 

toxmation and growth. The mustard plants laced competition 

tor light due to less intra-row spacing which foreed the 

plants· to go tor light thus. plants grew taller in 1,:3 
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planting pattern. The association ot legume (chickpea) 

with mustard. provided more availabillty of nitrogen fixed 

by chickpea. Such association ef.tect ot legume with 

more lateral space was absent when mustard. was raiaed in 

sole cropping. The biomass production was minimum in 

mustarl1 + chickpea (414) planting pattern mainly due to 

reduction in plant 'po·plxlati.Dll of the component crop 

(must ard) planted in replacement aeries. 

Contrary to ml,l8tard, chiokpea biomus was adversely 

aftttcted in mustard +- Chickpea (1 a3) system sa compared 

to chickpea sole cropping. this i& in coniorm:Lty with 

the findings or Heena (1985). It may be attributed to 

reduced branchJ.ng (Tables 4 and .5) and " light available 

(Table 23) in 1.3 system. Saxena end Sheldrake (198:» 

also reported that .ign.if:1cant reduction in dry lister 

was recorded even when only 2", of atml.!ght va intercepted. 

This was otherwise eVident tro. the b1Sber dry matter 

produotion and. .hart co_pecot pl.ant. o~ ohickpea rai.ed 

in sole stand. Higher dry _attar production in 801e 

chickpea was due to better u.til!zation ot growth resources 

(llgbt. moisture and. apace) u alao observed by Meena 

(1985 ) .. Further. Chi ckpea biolAu. production WM more in 

mustard +- cW.ckpe8 (113) planting pattern than mustard. + 

chickpe a (4 s4) :row rlltio mainly due to the :t~ that the 

plant population 1n l;ltter WM reduced to half 8$ the 

system was baed on replacemant a.rie •• 

5.2.2. U':};si 

The JIWItard •• eel yi(tld w ... etiJl\a in aWl'tard + 
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chickpea (1,,) in both the years (Fig. 5) which m.I3Y be 

attributed to super1ur1ty in all yield ~ttributin6 

charactaI'S 1.e. numbar 0.1' siliquae per plant (Table 9). 

number o£ seads per siliqua (Tablela), 1000-seed weight 

(T able 11) and hight.>r lea! area (Table 7). Higher leaf' area 

intercepted more ligb t and produe~d higher yield in several 

crops have been reported by Donald (1963) t Willey (1979) 

and Hu6hes ~~. (1981). The lateral growth i.e. branohes 

wu better ('r~lea 4 and 5) 'Which borne more number o:f 

sil1q,uae and dUG to better utilization of growth resources 

i.e. light (Table 22). mQisture and nutrients (Table 158.), 

the numb8r ~:r seeds per aiUqua and 100Q-seed weJ.ght were 

higher resulting 1n higher yield in 113 sys-cem. The 

yield advantages obtained through, intercropping wore due 

to e.t£lcient utili zation ot available growth resources like 

nutrients (DeJ.al, 1974 and Lakhani, 1976) and light 

(Nelllet .!l .i1, •• 1974, Backer and Yusu.r t 1976). 

So1e mustard. orop W~ sown with narrow inter-row 

spacing (45 em) '18 compared to 113 system. (90 an) which 

led to more inter-row cQmpeti tion than intra-row compe­

titi~n f~r growth resources. Sole mustard was devoid o~ 

association effect ot chickpea. The seed yield in muatard 

+ cnlckpea (414) was minimum due to its hal! population. 

Though, the population was balt but the yield was more 

than helt ot the sale stand which maY be attributed to 

associatJ.on of legume crap 1.e. chickpea and availability of 

more .pace to one row nearer to the ohiokpea row. 
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On the contrary, the chickpea seed yield was 

maximUm in sole stand (Fig • .5) due to more number of podS 

per pl.ant (Table 9) and more light Interception at l.ater 

stage of growth (Table 22). ThB higher chiCkpea yield 

was also realised When it was grown as sole crop by 

Saxena and Yadav (1975) and Ahlawat .!l. Ab. (1985). Saxena 

and Sheldrake (1980) reported significant reductJ.on in 

yield In all cul.tIvara even When only 2'" of light was 

intercepted. The Chickpea yield was reduced in mu.atard ... 

chickpea (1,,) dUe to lesa number of pOd8 per plant (Table 

9) and increased v~getat1ve growth due to shading O:t 

mustard plants. The yield realised in -I:~: syateDl was , 

better than in Lt',4 system ~Uf., W' population ot chickpea 

crop was redl,tced to hal.! in replacement lIeries reau1.ted 

in lower Yields. 

the oil content in lIWItard. (rable 13) and protein 

content in Cbi.okpea (Table 14) 1~ .lI1nly gOvemed by 

the genetic make up ot these orop variet1ea.. However, the 

d.1:Cterent planting patterns and use o:t phosphorus 

.fertilizers did 11Qt bring remarkable ch~ in the •• 

qua11ty parameters. S1.m11ar resul.ts have been noted in 

peat by aeveral workers (Gangaaarm and De. 1919, 

Meena. 1983) .. 

Tna total ph08pbOrua uptaka !ncre •• d trota ." 

days to harvea t wbieb wu due 1.0 inorease ill dry •• 'tier 
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produotion (Fig. 4). The total. phosphorus uptake by 

mustard was maximum in 113 system. This was also due 

to the higher total biomass production in these treatments 

rather than the p~r oent content of the element. Another 
\ 

evidence put forth Is the difference in rooting pattern, 

because the roots have tendency to avoid the overlapping 

in rooting :zone. Thus. crop avoids the area that baa 

already depleted by an associate crop (,rrenbath, 1974). 

On the other hand, total phosphorus uptake by chiokpea was 

. JJtaxi.Dnua in sole oropping (T abl. 1!3 a) • This is due to the 

.. .tact that dry matter production was maximum in sole 

chickpea stand (Fig. 4). The trend of total. phosphorus 

uptake was same as o:t biomass product1.on 1.e. sole 

chickpea followed by mustard + Chickpea (1.3) and mustard 

+ chickpea (414). 

Further, fert1lizer phosphorus uptake oontinued 

to increase upto harvest but the proportionate uptake 

value was much lower between 75 days to harvest than 

sowing to 75 days ('.fable 16a). Tbis may be attributed to 

higher phosphorus upcake by plants at early growth stages 

and later it beoame sluggish during the reproductive 

phaae. The fertilizer phosphorus pool mJ.gh.t have also 

depleted at later stage. 'lhe .f'ertili2Sr phOSPhOrus uptake 

by mustard was maximum in mustard + ohiokpea (1s3) system 

due to h1.gher biomass production (T ab1e 8) and" phOSphorus 

derived from .tertili zer source (Fig. 8). The mustard + 

1 chickpea (414) had m.in:J.JauDl fertilizer phosphorus uptake 
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due ~o reduction in plant population'to halt in replace­

ment series. CIl the contrary, .terti1izer phosphorus 

uptake by chickpea was max1.m'Ull in sole stand. Because 

it was primarily depended on biomass production and 
, 

lower inter-row competition due to wider inter-row 

spacing (45 em) than in, mustard + chickpea (1:3) system 

in 30 em. the fertilizer phosphorus uptake by chickpea 

was high ex' at 15 days than at harvest in both the years 

ot' experimentation (1'Ql)le 16a). %he increased minerali­

zation o~ nat1ve phosphorus due to root exudates with tb~ 

advancement of crop growth rssul ted in higher upt ake. 

Thus. there was increaae in 80i1 phosphorus uptake at 

later stage (Fig, 7). The mustard + chickpea (414) had 

only 50J' of plant populat.i.on than sole orop though 

ch1ckpea derived maximum percentage o;t phosphorus from 

.tertilizer. 

Likewise, fertilizer phoaphorus uptake, the 

ut1Uzation ot applied phoaphorua alao increased trom 

75 days to harvest (Table 11.) and. falls in .Wlar line 

that obtained. with total phosphorus uptake. the per oent 

utilizati~n of applied phosphorus by mustard vaa maximum 

in mustard + chickpea (1&3) pattern mainly due to higher 

biomass production md " phoaphorus derived from tartiU­

zer. The 80le mustard ranked second in utilization o.t 

applied phoSPhorus due to relatively low 'biomaas 

production (Fig. 4) and " pboapnorua derived from 

fert111~r (,i,. 8). The uUliution Of appUad pbo8pt.Ol'US 
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by mustard was least in mustard + chlckpe:3. (4,4) due to 

reduced biomass and .fertilizer phosphorus uptake. The 

per cent utilization of applied phOSphorus by chickpea was 

maximum in sole s·t.and followed by mustard + chickpea (113) 

and mustard -+ chickpea (414) (Table 17a). This may be 

attributed to higher biomass production. The per cent 

u"till zation of applied phosphorus by chickpea was higher 

at 75 days than at harvest. The possible reason .tor 

this observation may be due to very active vegetative 

growth ot plants which· took more phosphorus .tronl farti­

lizer and resulted in the increased utilizatiQn or appUed 

Iiloaphorus. This tact support. the concept of orop 

competition tor nutrient at active growth p~riod. 

It is very 1nter~sting to note that mustard 

proved its superiority in mustard + Chickpea (113) system 

over sale mustard and mustard + ch~ckpea (414) system 

in all thQ observations recorcled but in 'A '-value the 

trend was reverse. As it could be aeen from Fig. 9 that 

mustard had maximum tA t-value in mustard + chickpea (414) 

except at 75 days in 1985-86 followed by sole mustard. 

and mUErt ard + chickpe a (1,3). I t is quite natural. 

bec ause mustard had utili zed less applied phOSP'lorus in 

414 system than sole mustard and 1 &3 system. In cate of 

chickpea. the trend was reverse as observed in mustard and 

maximum tAt-value waa observed in mustard + chickpea (113) 

du~ to the tact that per cent phospb~rus derived from 

tertilizsr was low. 



0 0 
1"1 M 

I-
Vl '<"j w I > 0 0 0 W a:: N .t:. 0 
<i 

N .t:. ::J :r. 0... 
(L ...J 

I.() 4 <t: 
['.. 01 rn 

0 
.x 0 .Yo > 

1 1 
.- .-

I 

<i 
"'<t: 

W 
... 

(L 

::i 0 0 

u Z 
I 0 
u (.!) (,!) 

" Z IX Z (J1 

<i ~ <i ~ 
_.l 

,-.. :r: 0 :r: > 
"..... a ...;r 1"1 I./) W 

" 
l- I./) 

...;r 
,. <i I- .....J ,... a:: <t cr; 

I w I w 

~ <t <:! 
l- I- (.fl 

W w 

I~ 
LL 

I~ 
lL ::J <t <i 

~ 
0... 0... ~ 
~ ~ It:' « (/) (/) 0 

~ D U U >-w I ~ :r:: 
0:: 0... J: lD <t c-.... « ~ u u CD 

a a:l 0 a.. 
.... 
til U + + I 

I 
I 

~ 
(j) 

, J l: 0 0 U'l I.D 0 
~ U IX a:: COl rJ) :r: 

<t <i 0') en 0-
w W l- I- ~ ~ 

...J ...J IJ) Vl 0 0 

, 0 a ::> ::> M M 
0 

(,\: (/) U1 :E z: 

ID~ 
z 

~~ 
.- 4. 

I' 
I 

0 
0 

0 ~ .t:. 

! 
N 

J::. V1 
CL 

(L Z 
0:: 

01 
0 ~ 0'1 W 

0 .Yo l-
I--

0 « 
a:: 0... 
<l: 
I- 0 0 
(f) (.!) 
::J 
~ 

Z 

~; 
(!) I-
z a:: ~ Z <{ z 
~ J: ~ <! 
0 0 _j 

Vl I- 0.. <{ (J) 

I a:: a:: w w LL 

~~ 
I-

~~ 
I- 0 

ll.. lL 
<l: « 
Vl 

l-
(/) U 

~ ~ W 
0 0 LL 

I I LJ... 
I I I I I I I 

,. I I I I I I W 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

r· ((J l() 
., M N (,", r.D L(l '·1 M (""< (J) 

3 n l 'V II -''VI 
(.!) 

LL 



122 

,\nalys1s of sOil samp~ea showed that ava1~able 

nitI'05en content in s011 was maximum in sole chickpea 

fo~lowed by· mustard + chick.pea (1.3), muatard + chickpea 

(4:4) and sole mustard (Table 19a). This was due to the 

simple fact that chickpea being legume added atmosr;heric 

If into the soil and. utilized relatively lo1ter EIIlH.lIlt of 

nit;Il)gen, while mustard being emaustive orop did not 

add N into the 8011. 

Th~ available phosphorus content in so~l tollowed 

the same tr.,;-nd as available nitrogen content in soil 

(l'able 20a). Maximum: available Jilosphorua was recorded 

in so~e' chickpea due to lower uptake o:t phos}ilorus and 

greater mineralization of native phosPhOrus. Minimum 

values were ob cained in sole mustard which may be 

attributed to higher P uptake and poor capacity of mine­

ralization of native pl1osphorus. 'lhough, colllbined tot~ 

pbosP'l0rus uptake waa maximum U1 mustard + chiokpea (1'3) 

system but supplementary effeot ot chickpea assooiation 

brought higher values ot available phoaphorus content • 

. The available potaasil.lll content in .o1~ va alao 

maximum in sole chickpea (Table 21) because o~ m1n1mun 

dry matter production (rig. 11). Mustard + chickpea (414) 

pattern :followed the sole ohiokpea dUe to third. rank in 

total dry matter produotion (rig. 11). The lIole IlU8tard 

and IIWJtard + ChJ.ckpea (1.,) did _" give my claar picture. 
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The LAI increased :trom 75 day. to 105 days (rable 

7 and Fig. 3) with the continuation at vegetative growth 

a:! p~anta •. The maxiDn.a LAI ot IIUStard wsa observed in 

mustard ... chickpea (1'3) pattern may be attributed to 

wider inter-row spacing which provided more lateral 

space .tor branching and leat tOl1llation and. growth. There 

wu also better utilization ot growth. resource. viz ... 

nutrients (Fig. 6), light (J'ig. 10) and space. Higher 

LAl had baen reported under interoropping systems by 

Lin !l.!l. (1981), Mee.na (1985) and Pareek (1981). 

The aasQciation effect of leguae and more lateral 

apace was absent in 801e stand. 'the LAI was minimum 

in mustard -+ chickpea (4,4) system mainly due to 

reduction in plant population ot mustard crop in 

replacement; series. 

The mustard. ... ob1okpea (H3t proved ita .uperiGX1:ty 

in light interception by mustard orop oanopy (.rig. 10). 

This is mainly attributed to higher LAI.. The light 

interception 1noreaaed with the advanceaent of crop. 

This finding 1s in contirmity of Hugl'u.s..!1 ..... (1980) 

and. Meena ( 1985 ) • Bee auae of m1niJIum LA!, the l1ght 

1nterception \'1118 also least .in muatard + chickpea (4,4) 

pattern. On the other nand, maxiaua llght interceptIon 

was observed in Bole ob1ckpe a (If able 22~ followed. by 

IIWItard + oh1ckpea (4,4) and. a\Wtard + Oh1ckpea (1") 
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system. This may be due to better br'1l1chlng r.md no 

shading. While the light available to chickpea in 

113 pattern was never 10~ rather, it varied from 77 • .,,, 

to 94.75" (1' able 23). S1m11ar results were also 

reported by Haena (1985). 

5.2.7. TQta! 9Ex latter pmuqtion 

tbe total dry matter production was maximum 

1n .lBU8tard. + chJ.ckpea (113) system t'ol.lowed by sole 

mustard, mustard + chickpea (4t4) and sole ohiokpea 

'(Pig. 11). Total. drY matter production was mainl.y 

.influenced by the contribution ot mustard. component 

which had superiority 1n ~l growth parameters (Tables 

3 to 7) in 1 #3 system. The values were minimum in sole 

chickpea whJ.ch was quite natural due to its genetic. 

constitution. Sole mustard. proved to be superior to 

D'lust:;m1 + Chickpea (4.4) beCewa8 o~ b.igh&r pJ.ant popul.a­

tion over 414 system Which was baaed on replacement 

aeries. 

the combined total phosphorus uptake .f"oll.owed 

the pattern of dry matter and it was maximum in mustard 

+ chickpea (1 '3) followed by Bole m:ustard. mustard + 

chickpea (4.4) and sale chickpea (Fig. 12). Likewise, 

1 t was the main contribution of mustard component due 

.to bigher 'biomass production and exhaustiveness. The 

,OOll.tri IN.tion o:t Chic.kpe a in 1ntercropping 'II as qui. te lower 
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than sole chickpea and varied b-?tween 41" to '79'J' 

(Table 15a). ·nus finding is in cJni'lrm1ty of 

Nat~ajan and Willey (1900) ~d Kumar Rao ~ 1!!.. 
(1983) and Heena (1985). The values were minimum in 

sole ch1ckp~a due to lower biomass production as 

compared to must ard • 

. The mustard equivalent yield W88 max.f.lllum in 

Pruatard + chickpea (1 sj) pattern followed by sole 

mustard, mustard + chickpea (4,4) and sole chickpea 

(Fig. 13). This may be attributed to superior1ty of 

mus t ard in all yield contributing characters (rr ables 

9 to 11) t LA! (1' able 7), lU.gher llght interception 

(Table 22) and highar selling price ot Dlustard.. 'rhesa 

findings are in con:tirmi ty of Means (1985). There W!:)8 

marked d1!.terenca in both the years, it was higher in 

1985-86 due to good amount (102.6 mm) and better 

distribution of rainfall. than. 1966-87 t where only '5.4 

mm rainfall was recei \fad and crops suttered moisture 

stress at vegetative phase. 

The LER values registered a progressive increase 

from sole crop and attained highest value (1.52 -

1985-86J 1 .51 - 1986-87) in must ard ... Chickpea (113) 

sya tem (Fig. 13). This may be due to the tact that 

muotard yi.eld was comparable to 801e orop in the 1.:; 

system and additional ohiokpea yield was allO obt.a.tned. 

The lower Yield val.uea in 4&4 ayatela .. ere .ainly due 
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to reduction in the plant population to hal:! in 

repJ.acement aeries • 

.5 • .3. "I. §i2JPM' production 

Succesaive appllcation ot phosphorus levels from 

o to 30 kg P ha-1 increased the biomass product1on in 

both the crops at both the stages (Table 8). It could 

be seen :tn;,18 the preceding chapter, that all the 

. components responsible for hi.gb.er biomass pro:iuctlon 

ware .favourably 1n.tluenced by the application of phos­

phorus. For instance, plant height (Table 3). number 

ot main br9.nche.:3 (1' able 4). 8ub-branohes (T abl.e 5) J 

1.e aves (T able 6) and LA! (T able 7). Further, the 

favourable ~f~ect ot phosphorus on biomass productlvn 

W~ due to effective utilization of 8011 nutrienta 

through the extensive root syatem developed by crop 

pl~ta UDder phosphorus appl1cati~n (Chatterjee, 1969). 

The axperiDlental results were in cont1.rm.1ty w1th the 

:findings o:t Osborne and Batten (1978) and MUdholkar and 

Anlawat (19B1). 

The application 0:£ phosphorus significantly 

increased the seed yield o~ mustaJrd and chickpea but 

the differences were clear only with lower doses of P 

(rr able 12a). This may be attributed to favourable 

ettect ot phosphorus application on yield contributing 

onarac'ten 1.e. 81liquae or podS/plant (Table 9), 

numbar of aeads/8illqua (Table 1~) , 1000-seed weight 
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(rabld 11) and higher lea! area (Table 1). Higher leaf 

area intercapted more lia,ht and produced higher yield in 

several crops have bee:p. reported by Donald (1963), 

Willey (1979) and Hughes 21~. (1981). 

Many workers have also reported improvement in 

yi81d attributing characters of chickpea i.e. pod number 

and 1000-seed weight with the increasing levels of 

phosphorus (Suryewanshl and Chaudhuri. 1979; Singh .2l !i1. , 
198)l:). With the application of phosphorus higher mustard 

~aed yi e Id was obt ai ned by Joshi !.l l!!.. ( 1973 ) t Bhan and 

Singh (1976), Mono·z (1979) J Vir and Verma (1981) and 

Christensen tt §.i. (1985). S1m11.ar1.y, f'avourable response 

of chickpe 9. to phosphorus application was observ.3d by 

Ch.owdhury ll!ll. (1975), Suryawanshi. and Dhaudhuri,{1979}, 

Singh .2!~. (1984) and Borgohain and Agarwal (191!:6). 

Seasonal variation in oil content in mustard 

were marked, it was lower in 198.5-66 than 1986-87 when 

the yield was comparatively lower. The oil content in 

mustard marginally decreased with the increasing levels 

0:[ phosphorus though. the differences were non-sign1!lcmt 

(Table 13). The reports on the effect ot phosphorus on 

011 content are contradictory. But there 'Was favourable 

e.!'.tect ot phosphorus application on protein content in 

chickpea (Table 14). This may be attributed to the 

extensive root system developed due to phoaphorus appli~ 

cation which restUted in higher uptake oZ nitrogen from 
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80il and. leaving lower 'lfalues Of available nitrogen in 

soil (J:able 19a). 

Marked tavouraole effect ot phosphorus applic3tion 

on the total phosphorus uptake by mustard and chickpea. 

lias observed (Fig. 6). Maximum phosphorus uptake was 

recorded at 30 kg P ha-1 and m1n1mum at control at both 

the s'tag~s and in both the crops. The possible expla­

~ia:ti.Jn would be that higher the availabiUty o:! phosphorus 
, ~' , ' 

La soil solution with higher doses which increased the 

phosphoro~ content in plant (Racz !1 J!l.., 1965; Mehrotra 

.a. ~., 1972 and Strong end Berry, 1980) and dry nt'1tter 

prJl.luction (Osborne and Batten. 1978 and Mudhol.kar and 

Ahlawat.. 1981)", The results were 1n con:tinnity with the 

f1ndin~ o.t Vlnnani and Gulatl. 1971; strong and Berry 

(1960). 

Tht: fert1l1:z.er phosphorus uptake increased Signi­

ficantly with the application 3! phosphorus in both the 

em p8 (T able 16a). The favourable response to phosphorus 

application could be explal.ned in the light o:t absorption 

of terti11 zer phosphorus due to mass effect and as 8. 

rloOnaequence Of which higher anounts of fertilizer phosphorus 

found i t.s way in the 13..;)11 solution aroood the root hairs 

of the plant as evidenced by other workers (Nye, 1968J 

Phillips !1 JY..., 1968; Venkataehalem !1 ~., 19691 Hempaiah 

.!1. .Ii-, 1982 and MaJ.llkbarjun1a !l a., 1984). The 
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fertilimr phosphorus uptake values increased from 75 

days to harvest in cas,? ot mustard bUt decreased or 

remained unchanged in case ot chickpea. This may be 

due to the tact that, increase in the mineral! zation of 

native phosphortld due to root exudates of ehickpea with 

the advancement ot oroP growth. Thus, there was increase 

in soil phosphorus uptake at latdr stage (Fig. 7). 

On che contrarYj th;;t decreasing trend in the 

util1zaci.Jn of applied phosphorus wiilh the increasing 

ipates o£ pnosph;)l'Us appllc~ti;)n w.qa observed in both the 

orops (Table 17a).. Since, tha uptake ot phosphorus by 

crop is llm1.ced. the higher doses of fertilizer applied 

Wdre not accumulated in the plant in the S 3llS proportion 

as the lower doses. The other explanation would be that. 

at higher rate of phoaphorua application, greater retention 

of applied phosphorus is possible which limits the avai­

labillty of appUed phosphorus to p~ants. Therefore, at 

higner level o~ phosphorus application. there will he less 

competition anong the plants :tor the nutrient as compared 

to lower doses. Similar views were also expressed by 

Wild (1980), Sinha and Rai (1976) and Rai 2:i ..... (1984). 

the utilization ;)t applied phosphorus increased from 75 

days to harvest in mustard but invariably decreased in 

chickpea. The reason being increase in the mineralization 

ot native phosphorus at later stage and inorease in s011 

phosphorus uptake. 



'A '-value increased as the level of phosphon.w 

appl1cativn increased troll 10 to 30 kg P ha-1 (Table 9) 

because it depends on the rate ot phosphorus application. 

On the contrary, 'A ' ... value was hi5h,er 1n 1986-81 than 

1985-86 this may be due to lower bi01laBa production (Fig.4) t 

yield (Fig. 5) and phoaphorua uptake (Fig. 6) resulting 

in more availability of phosphorus in so11. 'A '-value 

decreued from 15 days to harvest in :mustard due to 

increase in biomass, yield and P uptake values While in 

chickpea reverse trend was observed, Which may be attributed 

to increase in mineralization ot native phosphorus 

resulting in more availability ot 11011 phosphorus. 

the available nitrogen content in soil deoreased 

with the increasing lewls of phoSphorus. The, maximum 

content waa found at contl"o 1 and miDimUl'l at 30 kg P he.-1 

(1' able 19a). This may be attributed to develOpllent 0:[ 

extensive root system wlth the appUcation of phoSPhorus 

wbich extracted more 111 trogen from the aoll. Chatterjee 

(1969) also t'QUnd well developed plant root system which 

extracted higher nutrients as a. result ot phosphorus 

application. Dhillon and Vig (1985) alJto observed that 

application of phosphorus 1Ilproved the efficiency of 

applied nitrogen. Available nitrogen content deoreased 

with the advancement of stage due to continuation of 

uptake ot nitrogen till grain formation. Tne. values were 

higher in 1986-87 than 1985-85 due to poor biomass 
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pro iucti()n eFi ,. 4) 'md yield (Fi~~. 5). 

The v::.11ues of Qv'l11'101e phvslhorus content in 

t:. ~ uptak,~ of ;)h03~~:1 Jru.3 "o;)y cr'.Jps is limitad, the hlah·r 

Jos'':;S of factil! zero 3.?pli '.1 ':lr~.' nJt :}ccumulated in the 

hie;hIJr doses increased. th-: '1vailaole phOSphOru3 content 

0':- ;3;) i L .;imil:!' :!In:i':'n.,,,,3 wer~ r.c;.orted by Joshi ~ !!. 
(197.3).. (he ValU83 .)! available phosphorus e':>ntent were 

lowar in 19b6-G7 may Je :.lUG t.) more retention of phosphort:s 

in dry B::: ')Son. 

'rh·;: !.n'::'N'lSinb 11)V31.d of pho.:Jphorus declined 

CCl'':'> 'wai laDl~ p.J t"'lSslum cJntent in 8.)i 1 ('r~l~ 21). The 

m 'lximum '1alu,~·s were ~bcqined o.t c~ntrol '\ltd minimum 
- -1 at. 30 l'L~ ? ha • This may be attr1butad to developnent 

of extensive ro)'t systqm. '.vith the nppllc!ltLro of 

phusphorus Which extrgcted more pot~81um from so11 and 

l~~rt lower amount of ~vailable pot3Ss1um. Th1~ finding 

c,)nfinned che results reported by Das (1985). The 

values were highi-'rX" in 1986-67 than 1985~ due to lower 

total ol'JnH~~s p,l.'od.uctiJn (1 .... 1,..:.11) and yl~ld (Fig. 5). 

'rho le.af a.rea index of rnustard crop increased 

with th~ increasing levels of Pho~phorus (Fig. 3). This 
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m BY be attributed to the cOlUpl~x phenomenon of phosphorus 

utl11zat1.on in plant m.etabolism. this element enters 

into the oxidative disintegration process of carbohydrates 

to yield hexose phospha.te which is further transformed 

due to the development o£ meriatematic tissues, cell 

d1 vision and lea!' area developaent. the LA! increased 

trom 75 days to 10,5 days becauae upto tha.t stege 

vegetative growth continued. Interception ot 11gtlt by 

both tha crops increased with the increasing levels o:t 

ph()a~orus (Table 22). this is simply due to increase in 

LA! and vegeta.tive growth. The per cent ligp,t intercepted 

by crops \lias more in 1985-86 than 1986-87 due to higher 

plant hei.41t (Table 3) and LAI (rig. 3). 

The maximwn total dry matter procluction was 

observed with the application ot 30 kg P ha-1 ~ minimum 

with no appliQation (rig. 11). the increasing levels of 

phosphorus increaseJ the value.. This may be attributed 

to favourable effect ot phosphorus applioation on growth 

paraaeters i.e. plant height (Table 3), number of main 

branches (Table 4). number of S5ub-branChas (Table 5), 

number ot leaves (Table 6) and LAl (rable 7). The main 

contribution in total dly matter productiJn was of 

mustard whiCh had. .fa.vourable e.ttect ot phosphorus 

application on growth parameters. The values ot total 

dry matter production were hi.gber in 198)-86 than 
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1986-87 may be due to better 80il moisture availability 

(Table 28). 

There was sign1.f'1c ant ettect ot application of 

phosphorus ,on combined total phosphorus uptake (Table 

27a) and maximum values were obtained at 30 kg P ha-1• 

This may be attributed to increase in biomass production 

and " phosIborus content. This view was shared by 

Mahajan !l!!. (1985). The major oontriout1on in combined 

total phosphorus uptake was o:f mustard which responded 

tav~urably to phosphorus levels. 

;fherl::! was significant effect of' application ot 

ph.)sphorus :.m mustard equivalent yield in both the 

y~ars (Table 25a). Max1tnum equivalent yield was obtained 

at 30 kg P ha-1 (Fig. -13). The trend Qbaerved in mustard 

equi valent Yield 'Alae aSIDe as mustard yield because ot 

its pre-dommance in yield And selling price. On the 

contrary f LER values decreased with the increasing levels 

0:£ phosphorus this may be attributed to the tact that the 

proportionate incre ase in 80le crop yielci& was much 

higher -which brought the ratio (UR) to lower side at 

hig.h.~.r levels of phosphorus. 
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The interactivn etteota ot planting pattema and 

phoali\orus levels on mustard seed yield and mustard 

equival.ent Yield was sign1.ticant in 1985...a6 (Tables 12b 

and 25b). The maximum response to appUed phosphorus at 

the rate o~ 10 kg P ha-1 was noticed with. 1 • .3 syatftlll. 

This response ot applied phospnorua lies in the oapacity 

to provide balanced nutritional environment within the 

rhizosphere and 1 t was more prordnent with the association 

ot legume. thus t the system proved to be an efticient 

and higher yielder. Similar results wera obtained 

with nitrogen by Meena (198,5). 

5.4.2. RaQ12:AA_Cal asSaY 

The examination of data in Tables 1.5 (b) t 16(b), 

16(0) and. 16(d) revealed that by and large the phoaphoI"WI 

uptake (total as 'Well as fertilizer) by mustard crop 

either grown as sole or in intercropping (1l3) system 

per !!. did not differ markedly with the use ot hlghar 

levels ot phosphorus beyond 20 kg P ha -1. It clearly 

brought out the fact that phosphorus utl11zation 

pattern remained more or less unch~d tor mustard orop 

at varying levels of phosphOrus. therefore, the mustard 

crop seems to be a Suitable component crop tor inter­

cropping $ystell with chiokpea. the association o~ ohiokpea 

witb. IIlWItard in 11' system not only ,utilized the nativ, 
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phosphvrus but also applied phosphorus suggesting the 

use of phosphorus 1s a must tor realizati:::m of higher 

yield in intarcropping. The use ot :fertilizer tor 

obtaining higher yields in intercropping system has been 

recently reported by Meena (1985) and Pareek (1987). 

The aVailable nitrogen in soil was influenced 

by d1!.ferent planting patterns as well as phosph.orus 

doses applied (Tables 19b and 190). The effect was more 
. ': ~ '. 

pronounced when chickpea,.raised as a sole crop. The 

higher available n1 trogen in contro 1 plots was mainly 

due to the poor utilization ot nutrient by chiCkpea 

because th.e lack at phosph:.>rus re8~r1cted the root growth. 

Contr9rY to this. the nitrogen in phosJilorus applied 

plots reduced due to better root proliferation thereby, 

making higher utilization of nitrogen. Here t the 

pnoaphvru5 application helped the plant not only fGr 

e!t1ci~nt nitrogen fixation but at the sane time better 

utilizati.;)n of the fixed nitrogen and this was tinally 

refl.;cted in the yield. Whereas in other systems the 

differences were less visible, this can be attributed 

to an equilibrium maintained in :fixation and utili zation 

of nitrogen. 

The available pholSphoX"US in soil was intluenced 

by planting patterns as well as by phosphorus doses applied 

(Table 'Ob). When phosphorus wu not applied then 
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irrespect1 ve of systems the values remained unChanged 

but an application of ph.osJ)borua upto 20 kg P ha-1 

increased the phosphorus content in 8Oi1. The increase 

was more promintlnt with lole cropping as compared to 

113 pattern or with tl1is system only marginal increaae 

in available phosphorus in so11 WM noticed. This 

finding clearly showed that when these crops are grown 

in interoropping particularly in 113 system removed 

more ,Phosphorus from 80il. thereby suggesting the use 

of phosphorus .tertlli zer for both the component crops. 

At 30 kg P ha-1 , the rata ot accumulation was higher 

than its utill zat10n hence, an accumulat1 va effect was 

noted. 

'rhe data generated on Ilustard and chickpea and 

discusaiQn thereon 15 the suggestive ot one remark.able 

linding tor rainfed agriCUlture. The &01. cropping or 
IB\l8tard haa to go and a new conoept. daveloped on inter­

oropping particularly 113 .yate. where the mustard yield 

by no way 18 :round to reduce over 801e oropping bUt 

the additional ohickpea yield 1s obtained, ~hereby making 
,t 

the system. more viable. The yield advantage :rurther geare,d 

up by uae ol phoaptlorua on are a bu1.t mee'ting the 

requirement ot both th.e component crop •• 

••• 



6. SU:L"tfArtY ANp CJNCf-.USI IN 

SUMM.'\rtY 

p.. field a:x;perim.ent entitled "'rr:acer studies on _ _.._.--' -.-~' . 
phospharus usa afflcl,?ncy 1n mustard - chickpea pl-m'_ing 

patterns under rain£ed conditions" W~ conducted an the 

.f'arm of the Divisi..)n of \.gmnomy" Indlm .~gr1cultural 

R::search Institute, New Delhi. during rabl seasons ot 

1985-86 and 1986-87. rhe treatmenGS co:nsisted ot tour 

planting p \tterns (sole mustard. sole Chickpea, mustard + 

cqi.ckpea (414) and mu~tard + chickpea (1 '3) and tour 

. phosphorus levels (0, 10, 20 and 30 kg P ha.-'). The 16 

tr~atmant combinati~ns were tested in a Randomiaed Block 

Design wi th :5 replic~tl.)na. The salient tindings obt~ned 

during the Course at this invest15ltion are summarised 

below: 

6.1 • CroR se asq"n 

The weather parameters partlcul.ar:Ly ra1ntall 
.,.,..,"' ... " ' 

inZluenced the treatments effect slgnitlc mtly on the 

productIvity ot crops as there was large variation in the 

amount and d1str1but1...>n in the two orop seasons. In the 

crop aeason of 1985-86, the rains betore sowing (Tl.4 mm) 

wer& sulficient tor proper germination and seedling 

establishinent, whereas tha amount of rain1all WM 102.6 mm. 

in che crop 8eason which coincided with vegetative. 

flowering and siliqua/pod development stages. In 1986-87, 

the rain!all amount was just sufficient (45.4 DUD) tor 
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svwino and crop suftered m~isture scres~ at initial ~rowth 

p.JriJd resulting in pO.Jr seedlinG esta.blishment ~d 

vegetat;lV02 growth but later showers (,5.2. mrn) at flowarin;s 

"lnd siliqua/t:od de\1elopment stag':,s c:)mp':ms~ted the lass 

occured a~ initial ~rowth p7rlod. 

'fhe plantin6 patterns significantly In!luenc'?d the 

dry matt~r pro.iuctLm of iJoth tt,3 croos in both the yeers. 

The bioma.3s produ..:;ti:Jn of mustard. was maximum when it was 

sown in 1:3 system f.:>llowed by sole mustard and least in 

414 system. Mustard showed its superiority in all growth 

J,.l'u'dlIleters 1.e. pl::mt height, number of main branches, 

sub-branches. leaves and LU in the 'I s3 system. Contrary 

to mustard, cnickpea bi.:)mass was adversel.y a:t!'ected in 

1:.3 systam as compared to sole chiokpea. 

The applic Ition ot phosphorus proved highly 

oeneficial in increasing the biQdl88S production ot both 

'the ero ps at all stages. Furth .. ~rt all the components 

responsible tor higher biomass production were tavJurably 

influenced by the applicati)n of phosphorus. 

The yield ot both the c.rops in both the years was 

significantly influenced by planting patterns and 

ph.osphorus levels. The mustard yield was significantly 

higher in 113 system and sole mustard over 414 system 
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in both me years. Mustard drown in 113 system showed 

its superiority in all yiela attributing characters 1.e. 

nWflber of s11iquae/plant, seeds/s111qua and 1000-aeed 

weight. The chiokpea yield was significAntly higher in 

s.)le chickpea over 113 and 4:4 systems in both the years. 

In the crop Beason ot 1985-86. the varied levels 

of phosph.:>rus appllc3.tion sl;n1f'icantly increased the 

mustarJ yield OVer control while in 1986-87 only higher 

lavals of phosphorus applic ation were .found .superior over 

con'trol. Similar, beneficial e.tteots Were ala..> noticed 

wi th chickpea. Thera W:lS favourable et.tect o~ phosphorus 

doses on yield contributing che.::acters o:t both the cror.B. 

The 011 content in mustard was higher in 1986-81 

th:m 1985-86. The dltterenc planting patterns and use 

of phOsph.)rus fertilizer did not bring remarkable change 

in oil content in mustard. ']~'bough.. planting patterns 

diJ not effect the protein content in chiokpea but phos­

phorus applic~ti~n increased the protein content. 

6.4. ~~o-chem~cal I!s!I 

The to tal phosphorus uptake in mustard ,,8& 

Ji~!1c~tly high~r in sole mustard ~d 1'3 syatem over 

4:4 system. However, maximum phosJilorua uptake was 

found in 1;3 3ystem. The total phosphorus uptake in 

chickpea "Was s1gnificantly higher in _sale chickpea and 

1.:3 system. over 4,4 system. However. sole ohickpea had 

ed&e OVer 113 system. the ePp11cat1on of 20 and 30 kg 
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-1 
1- ha ,signifi.c;mtly increased the total phosphorus uptfike 

in IDus"tard over control at both the stages 1n 1985-86 and 

only at harvest in 1986-87. In case of chickpea, the 

maximum phaspnorus uptake was recorded at 30 kg P ha-1 and 

minimum at control. 

'£hare was signific a\t eftect ot planting patterns 

on fertilizer phosf:,horus uptake. The maximum tertillzer 

phosphorus uptake in mustard was observed in 11' system and 

least in 4z4 syste:n. rha .:t'ertilizer phos,(ilorua uptake in 

chickpea was aignific mtly h1gh:~r in sole ch1ckpeQ over 

414 and 1:3 systems. There was incr9a.se in the fertil1t:.er 

pnosphorus uptake in both the crops with the applic'1tlon 

~f 20 ~d 30 kg P ha-1 over 10 kg P ha-1• 

Th~ per cent utilizati~n of applied phosphorus by 

mus·tard was maximum in 1 ,3 p'1tt~~rn to1.1owad by sale 

mustard and 4s4 pattern. The utilization ot appUed 

phosphorus by Chickpea was slgnlf'1cantly high~r in sale 

ch10kpe a over 4:4 and 1:3 systems in both the years. The 

increasing levels ot phosphorus application decreased the 

util1zation ot applied phosphorus in both the crops. 

'rna tA '-value 1n mustard was maximum in 4,4 system 

at all the stages in both the years followed by Bola 

muatard and 1:.3 sY9t~m. Contrary to mustard, 'A'-value 

was maximum in 1 &3 system 1n ohickpea. The higher 

levelS of phosphorus i.e. 20 and 30 kg P na-1 increased 

the tAt-value over 10 kg P ha-1• 1n both the crops. 
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6.:5. Available !lutri~nt An 80il 

l'hc avulavle nitrogen was significantly high"~r 

in 8;)le chickpea and 113 system than s~le mus tJ!1!'d and 

4:4 system. In general, there was decline in avq11able 

n1 Crogen 'l"Jl th the incr lase in the levels of nhosphorus. 

rhough, there was OJ si,gli.f'ic:;mt effect of planting 

pacter.ns on availwle phosphorus but maximum amount was 

.)bsdrved in case of 8.)le Chickpea tollowed by 1:3 system, 

4:4 syst~m and sale must~d. The increasing levels ot 

phosphorus increas'd"d the av~l'3.ble phosphorus ~t both 

"t;ht~ s-cages. The maximum amount of available potassium 

was f..)und in sale chickpea and minimum in 1:3 system. 

rh2re was decre8.Ss in the available potassium with the 

increase in the levels ~f phosphOrus. 

The maximum LA! of mustard was recorded in 1:3 

system followed ":Jy sola mustard and 4&4 system. The 

appllcatiJn ot phosphorus increased the tAl ot mustard. 

Likewise, max1.mum li,~ht lntercepti()n by mustard. was 

Joservcld in 1;3 system at 75 days and 105 days in both 

th~ years, while sole chickpea had precedence over other 

patterns in both the years. There was a marked effect 

of phosphorus application on light interception. The 

maximwn values were ob5erv··~d with the application o.! 30 

kg P ha -1 and minimum with control • 
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The total dry matter production was slgn1tlC'1lltly 

higher in 1:3 syscem than sole mustard, 4:4 system and 

sole chickpea. Howev~r. sole mustard was also aignl.tic:::lntly 

superiiJr over 414 systam and sole chickpea. The max1un,m\ 

to tal dry cat ter production was observed with the applica­

tion ,J:! ,30 kg P ha-1 and minimum with no application. The 

combined total phosphorus uptake W'1$ signi.ticantly higher 

in 1,3 system than sole mustard. sole chickpea and 4s4 

system. rna maximum upt.ake v l1ues were obtained at 30 
-1 kg t- ha at 75 days after siJw1ng -md at harvest in both 

the ye :J.rS • 

The mustard equivalent yield. was maximum in 113 

pattern followed by 8\)la mustard, 4:4 pattern and 801e 

Chickpea. Tha maximum equivalent yield was obtained with 

the application of 30 kg P ha-1• The LER ValU?8 were 

maximum in 11.3 system and decreased with the increasing 

levels of phosphorus. 

The r-eaponse of mustard and chickpea crop. to 

phosphorus f'ertilization 'liP quadratic, With the 

application of 1 kg P ha';'1, there was inc~a&e in mustard 
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s'?ed yj.'.:ld in thd order Jf 14.28 and 14.93 kg 1n 1985-86 

and 19e6-87. respectively. Similarly, the use 1:)[ 1 k,~ 

P ha -1 6ave additional chickpea seed yield of 11.77 and 

12.98 k3 in 1985-86 and 19$ .... 87, respectively. 

C J~JCLUSI Ji~ 

0n che basis of experimental rindings, it can 

oe concluded that mustard and chickpea were compatible 

CJmpon8nts of Intercropplng sy.tam. The mustard + 

chickpea (11)) system 1.e. Bddit1ve aeries was ~~kedly 

8uperiJr to s~le mustard and mustard + chickpe~ (4:4) 

.s ys G:::m 1. e. rapl,l3.Cement seri-:s in terms of utill zation 

of erowtn res..)urc~s and yield advantages. 'rhe mustard. 

:3how'.?d its superiority in 'total phosphYrus uptake, 

tclrt11i~er phosphJrus upt~Ke, p9r cent utilization of 

applied phosphorus in 1:3 system over sole mustard and 

4:4 system. Contrary to mus"tard. chickpea pertOl"lned 

bet"tar in 5.:)le cropp1ni5 than any intercropping patterns. 

Phosphorus appl1cati~n proved beneficial in 

maximising yields. The positive relationship Was obs2'rved 

between the phosph.JX'\ls levels and various growth paraaneters 

and y181d a.ttributing characters. Application of phosphorus 

increasad the total phosphorus uptake, fertilizer 

phosph.)ru.s uptake and tA.'-value while a reverse trend 

wqs observed for the utilization Q! applied phosphorus. 

Thus p on the basiS of two year experiDlentat1on, 
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1:.. c:m bod sai,l that growin6 mustard and chickpea in 

113 system with :he applicatL.>n of phosphorus is a 

remunerative approach in maximis.ing the crop productivity 

an~ utili~atiJn ot native as well as applied phosphorus • 

••• 
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At 

rl' 

C' 

1 

0 

10 

20 

.30 

=1 III: 

Y' 

h -1 q a 

2 

20.69 

2.1.11 

2.1.-11 

2.3.41 

90.52 

.ll... 
n 

oj 12 

"~~Y/2.~ 
1 1 

1 12 

=~~ 'il? ~ 
2 2 

.. 

.. 

.. 

\1-:' .Nul>:.. II 

4 

-3 -62.07 

-1 -23.11 

+1 ..,25. i 1 

+j +70.23 

... 8.16 

~1 
2 

5 

+1 

-1 

-1 

+1 

2Q 22 1; .. 22.58 

8.16 .. 0.41 '70 

-21;12 • -0.53 

y ~ 1 
2 

6 

+20.69 

-23.11 

-23.11 

... 2.::S.41 

- 2.12 

y .. (Y - 3B' ... C') ... (23' - 3C t ) x + C1X2 

7 

9 

1 

1 

9 

20 

8 

1 

1 

1 

1 

4 

Y .. (22.58 - 3X 0.41 - 0.53) ... (2x 0.41 - ;x(-O.53)X-J.53X2 

2 41 0 55 X2 
y ... 20.82 ... ' ~O X - ~'I-'fiIOO+--"_ 

Y = 20.82 ... 0.2410 X - 0.0053 x2 
CalculatiJn of op~i~um ec~n0mic 103~ 

P iel:! of .f'ertl1i bH' • Rs. 12.16 per kg r as SSP 

Price ,;)! produCt: .. Rs 38:5 per q. 



.. ~ pci' nil x II (cvn-ed •••• ) 

Y opt = 20.82 + 0.2410 x 1ry.75 - 0.0053 (19.75)2 _ 23.51 
Q ha-1 

Chickpea (1985-86) 

x 

0 

10 

20 

30 

t 

y 

h -1 q a 

8.8.3 

10 • .)0 

10 .. 76 

10.90 

41.0:'> 

2_Y 

f 
2 

-3 -26.49 +1 .... 8.83 

-1 -10.50 -1 -10.50 

+1 +.:).76 -1 -10.76 

+3 +32.88 +1 +1J.96 

+ 6.63 - 1.47 

A. 1:11 Y at !Ill ¥ !Ill 10.26 
n 

~ 1 
2 

~ E)' III 2.'( /4~ .. 0.33 • 
1 

~12 /2. 
12 

¥ c' .. i Y ~2 .. !Ill 0.37 

9 1 

1 1 

1 1 

9 1 

20 4 

!Ill (10.26 - 3 x 0.33 - 0.37) + (2 x 0.33 - 3(-O.37)X - 0.31 x
2 

1,-Z7 0 j1 X2 
.. 8.90 + 10 X - 1i50 



,\pjJ .. md.ix II (cont.i •••• ) 

Price of fert11i~r : Rs 12.16 per kg 'l.5 s.:;p 

Price of {;roduce : Rs 240 pCI' q 

X opt .. 12,16/240 - O~11ZQ -O.126~ 
(-0,0037) X • -b.Mar • 17.07 k,~ 

lope - 8.90 + 0.1170 x 17.07 - 0.0037 (17.07) • 10.84 q h~-1 

x y 
kg P ha-1 q ha-1 

0 16.64 

10 18.82 

20 19.9,-, 

30 20,56 

75.94 

A.' Y 2..y 
"'" • -n 

1 12 

~ - ~ Bt .. 'i. 'i /L-
1 1 

_ 1 12 
c t .. 2_ y ~ / :i ~2 2 

-3 -49.9;;-

-1 -18.82 

+1 +13.92-

+3 +61.68 

+12.86 

= ¥ :I 

• 12~86 
• 0 

SIt .It?i 

~1 
2 

+1 

-1 

-1 

+1 

18.98 

... 0.64 

1 

y ~2 

+16.64-

-18.82 

-19.92' 

+20.56 

- 1.54 

- ...0.38 

y .. (1- 3S'+C') + (28 t -3C t ) x ... c,x2 

9 1 

1 1 

1 1 

9 1 

20 4 

SIt (18.98 - 3x 0.64 ... 0.38) + (2x 0.64 - .3(-0.36) X-O.38 ~ 
2 

• 16.68 + ~ - O~8 ~ . 



,.. 16.68 + 0.2620 x - 0.0038 X2 

C alculat10n ot optimum ocon,:>mic dOse 

Price ~f fertili_~r I Rs 13.60 per kg P 3S SSP 

Prieto? 0.£ pt'01uce I Rs 400 per q 

X O.f..t -
13,iOL4QQ - ,O.29fO • -0,2280 

(-0.0038) x2 -O.6b~ 

~n.¥'PJi ~ '12~-~Zl 

X Y *1 ~1 ~1 1 12 12 

~2 ~1 ~2 -1 -1 Y Y kg P ha q ha 1 1 2 

0 5.9) -3 -17.&3 +1 +5.95 9 1 

10 7.75 -1 - 7.75 -1 -7.75 1 1 

20 7.83 +1 ... 7.8'; -1 -7.83 1 1 

30 7.75 +3 +23.25 ... 1 +7.75 9 1 

29.28 ... '.48 -1.88 20 4 

A. ' oY i-x. 2~2!J. • 1.32 ,. ,.. 
n 

1 12 

S' .~y 

* 
I~ .~ • 2~ae ,.. 0.27 

1 1 

1 12 
-1 tE¥,? c' .z.t ~ / I_ \ • .. -0.47 

2 

J ,. 2. 
(Y - }B '+C' )+(213 '-3(: ')x + C 'X . 



~ppundix II (contd ••• ) 

&II (7.32 - 3 x 0.27 - 0.47) + (2x 0.27 - 3(-O.47)X-O.1.,7 X2 

.. 6.04 + 1 .. ~ X eo ~ X2 

.. 6.04 ... 0.1950 X - 0.0047 X2 

Calcul~tlJn of optimum economic ~se 

Price of Zerti11 zer : Rs 13.60 per kg P as SSf" 

Price ot produce I Rs 260 per q 

.. 15.18 kg 

Y opt .. 6.04 + 0.1950 x 15.18 - 0.0047 (15.18)2 - 7.92 q hi1 

RgsY2Q§9 isl" ~ 

Mus t.arg (198531 

Seed ylt:!ld with 0 kg P ha- i 
.. 20.69 q ha-1 

-1 -1 3aed yield with 19.75 kg P na • 23.51 q ha 

.\dJitional seed yield with 19.75 kg P nll ... 1 
til 2.82 q ha-1 

.. 282 kg ha.-1 

So ,additil.)nal seed yield with 1 kg P ba-1 .. ~ .. 14.28 kg 
19';75 

MyJ tar4 (19a6-az) 

Seed yield with I) kg P ha-1 .. 16.64 q ha-1 

Seed yield with 30 kb f' ha-1 .. 21.12 q ha-
1 

-1 -1 Additional aead yield with 30 kg P ha .. 4.48 q ha .. 
448 kg ha-1 

-1 
So. adait:\:Jnal seed yieltl with 1 kg P ha -

~aS .. 14.93 kg 



Cbick~a (198::?-ffi} 

Se·_'d yield with 0 kg P ha-1 .. 8.8j q ha-1 

-1 -1 Seed yield with 17.07 kg P ha .. 10.84 q ha 

_\,j 11 'Clonal seed t1~:ld with 17.07 kg P ha-1 .. 2.01 q ha-1 .. 

** 201 kg ha-1 

.:)..1. aduit..Lmal Be,""d yi:::ld witi). 1 kg P h~-1 _ 201 
~ .. 11.11kg 

C.bic!J2~a (1~e§~ZL 

Seed yield with 0 kg P ha-1 .. 5.95 q ha-1 

Seed y1~ld ~ith 15.18 kg P h~-1 .. 7.92 ~ ha-1 

-1 -1 Additi..lnal seed yi~l~ with 15.18 kg P ha .. 1.97 q hg .. 

191 kg ha-1 

S,t additl~nal seed yield with 1 kg P ha-1 .. ~. 

Mus"t ard '19§2-a61 

Price of 14.28 kg mustard .. as 54.98 

Ferti11~r o~ Rs 12.16 gives. as 54.98 

12.98 kg 

Fertlli~e.(" ot Re 1.00 will give .. " • Rs 4.52 

Mustard (1986:§11 

price of 14.9} kg mustard .. Rs 59.72 

FertIlizer o~ Rs 13.60 gives - Ra 59. '12 

Fertilizer of Re 1.00 will give.. ~ .. Rs 4.39 



;\ppendix II (contd ••••. ) 

Chi c~_,;1 (12§2 ... 86l 
Price of 11.77 kg chickpea .. Ra 28.25 

Fertili2er of Ra 12,16 gives .. Rs 28.25 

Fertl1i~r of Re 1,00 will give. Rs 2.32 

Gh1ckQea (1966-81) 
Price IJ! 12,98 kg cr.ickpea .... Rs 33.75 

F~nl1i".~r of H.5 13.60 gives • as 3::>.75 

1ertiJ.iz.er of Rc 1.00 will give .. ~ "" as 2.48 

.... 






