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1. INLRYDUCTION

‘Indian Agriculture could be able tu meet th2 food
requirement of ever rising population and nearly zelf-
sufficiency has been achieved in major c¢sreal crons. hut
stagnation in the production of pulses and ollseeds still
remaing an issue of primary concern. Jn the one hand,
sizeable Import of edible oils Ls causing henvy drain
of foreign exchange while on the other hand, avallability
of pulses 13 inadequate to meet the protein requirement
of pre-eminently vegetarian populatiosn in India. The
paradsx is that the oilsesds and pulses are energy rich
crops but are grown in energy stress conditions resulting
in poor productivity.” Presantly 92% of pulse production
and 90% of the oilseeds production are =2stimated to come
from rainfed areas, Zven 1f all the estim=ated 1lrrigation
potential is exploited, not more than 60% of the gross
cropped area can be brought under irrigation, Therefore,
rainfed areas will stay as main domain for theae crops
and the country will have to depend on rainfed/dryland
farming to sustain the level of production not only to
meet ths edlble oil and pulse requirement but also to minimise

the soclal imbalance between rainfed and irrigated areas,

/Mustard is the second most lmportant nilseed crop
and covaers highest acreage =monz rabl ollseeds, whereas
chickpea had the larger share of pulse production and area,
These crops are seldom provided with the fertilizers
resulting in poor pmductivity of mustard (714 kg ha 1)) and
chickpea (658 kg ha” ). Since these urOps;will stay ﬁor



1 long time tvo come in rainfed areas therefore, it is
nz=Ce.sary to devz2lop the sultaole technology by .ay of

chnanging thelr planting pattern and use of fertilicers,

In recent y=ars the intercropping of lepgui= and
non=l2,ume crop components has received much attention
in realising the greatsr yleld advantage in rainfed
conditions (willey and Rao, 1980 =and Nik=m et al., 1987),
nereas this syscem not only utilice the growth res)hurces
wost 2fficiently but also minimisss che risk by way of
providing insurance against fallure of a crop and often
results in higher yleld advantages over pure cultura,
Several studies have evinced advantage of mustard-chickrpea
| incercropping in alternacte rows osver either >f the sole
crops (saxsna and Yadav, 1375; Singh and Bajpai, 1982
and Kushwaha, 1983). However, chickpea yleld in 131
mustard-chickpea system was suppress=d to a greater extent
by tall growing mustard plants and as the spacing between
mus tard rows was increased to accomodate more chicknea
rows in between, the chickpea yleld relatively incraased
(Meena, 1983). Wider row spacing can be kept either
by replacin: some of the mustard rows by chickpea without
changing the plant spacing within rows or by reducing the
plant spacing w;thin‘rows to maintain the same plant
population of main crop as in pure stand. Nevertheless,
cowpatition among the component crops in two situations
differ to a great extent and hence both these gystems

could be tried in one study,



Fertilizer is sinsle most importnt input in
modern ajgriculture to raise crop productivity specially
in rainfed/dryland arcas because they ars not only
thirsty but ars also hungry, Among the primary nutriant
2lem:nts phosphorus nutrition 1s considered very important
for oilseeds and pulses. Several researcha2rs have obs-:rved
favoiuraple response to applied phosphorus Ly wustard
(Mudholkar and Ahlawat, 1981; Archar and valdyanathan,
1982 and Dhillon and Vig, 1985) as w21l as by chickpea
(Dixit et al., 1983; Singh et al., 1984 and Borizohain and
Agarwal, 1986),

When thes. crops are grown in 2an intercroovping
systom with var)ing row ratly than thelr total dry moitter
production will vary conslderably to their sole stands.
Th:refore, the nutrient particularly phosrnhorus raquiremant
will bound to differ %o their sole stand anid the fertlilizer
requirement wlll hwve to ve different when thase Crops axe
put toguthar in an intercropping system. Phosphorus
requirem:nt of individual crops havs been worked out qulze
precisely oy agronomists for mustard and chickpea,
s2parataly. However, some res-archers have trisd mustard
and cunickpea in lntereropping system eithzr in raplacament
seri.s or in additlve sa2ries but coumpwrative Information
on mustard-chickpea intercropping in both the systems/
patterns was aosent, particulirly on the aspnct of soil
and appllied phosphorus uptake under differsnt p-tterns.

Thus, to analyse the proportion of native and applied



rhos hnorus, use orf radio-isotopes serv=s as a superior
analytical t.ol, extending the sansivivity, specificity
ana increasing .he case of analysis beyond conventional
methods, Its usefulness is based on the concept that an
applied radlo-active isotope equillbrates with its stable

element in the soll.

Keeping these factors in view, it was consldered
appropriice to carry out an investig tion entitled
"Irac=r studies on phoschorus use efficl-ncy in mustard-
chickpea plmting patterns under rainfed conditions" with
tnz following obJectives:

Ts Lo study -the effact of plwting patt:rns on biomass

proaucti n of mustard and chickpea,

PR Lo study the responsae of mustard and chickpea €O
fertili.er phosphorus under different planting

patterns,

5, Lo assess the relative contribution of native and
fertilizer ph,.phorus in mustard-chickpea planting

paitterns.

e s bp



2, RoVIiw OF LITSRALURE

In this chapter an attempt has been made o present
a brisf review on mustard (Brassica juncea L. C:ern and

Coss) and chickpea (Cicar arietinum L.) cultivation. It

“ covered the effects of planting patterns of crops and
phosphorus fertilization on plwmt growth, yleld and yield
attribuves, light Intercaption by crop canopy, quality,
nutrient content and uptake and yield advantages. Where
information on certain aspects of intercropping systems
for rainfed conditlons was not available or was inadequate
similar informacion on research conducted under irrigated
conditions has been reviewed, Before che review is
presentad, it is considered aprropriate that the important
aspacts of the concepts and practices of intercropping

systems are discussed.

Intercropping is the practice of growing two or
more cropa together on the same area of land, the crops
are Aot always sown or harvested exactly at tha‘same
 time but usually grew simultaneously for a significant
-part of thelr periods., It algo implie. that the crops are
raised in geparate rows and not grown mixed (Anirews and
Kassam, 1975; Freyman and Venkateswarlu, 1977). The
intercropping systems are of two types viz., replacement
series and addlitive series. 1In former.‘SO per cant
population of main crop is replaced by intercrop while in

latser the plant population of main ¢rop remains unchanged



and additional plant population of intercrop or associate
crop is adjusted.

When two or more crops are raised as intercrops, one
comes across two situations, in one, the intercrop grows
better in the presence of another and exceeds in yield
advantage over the sole crop (Donald, 19633 Van Den Bergh,
1963 and Willey, 1975), in another, adverse effect of
competition batwzen component crops are noted and the yield
advantage compared to the sole crop is lowest (Ahlgren and’
Aamodi, 1939; Donald, 1946 and Harper, 1361),

The yield advantages obtained through intercropping
ars due to efficient utilization of the available growth
regources like water (Kassem, 1973; Baker and Norman, 1975),
nusrients (Ibrahim and Kshesh, 1971; Kassam and Stockinger,
1971; Dalal, 1974 and Lakhani, 1976) 2nd light (Nelliet
et al.y 1974; Baker and Yusuf, 1976). The crops besides
utilizing growth resources more efficlently,suppressed weeds
and lowered dissase and pest incidence, resulting in
overall improvement in production over sole cropping:
(Litainger and Moody, 1975; Rao and Shetty, 1977). Against
the banefits noved, intercropping sometimes produced
injurious (allelopathic) effects on one or both the crop
components (Risser, 1969 and Rioe. 1974). The intercrops
also posed problems of crop management in countries/
regions where higher degree of mechanisation 1s practised
(Willey, 1979),



2.1. S0le mustﬂrs!

Rapesced-mustard, because of 1its capacity to flourish
well even on poor soils, is seldom fertilized. Experimental
evidences reveal that phosphorus in right amount with
efricient method of fertilizati.n enhances the yleld
remarkably, The importance of phosphorus fertilization
on Brassicae has been emphasized by many workers (Pathak
et al., 1963; Singh et al., 1967 and Bhan, 1977). Its
application may have favourable effect on growth, yleld
and quality attributes which are detailed hereunder:

2,741, Plant growth

Bhan and Singh (1976) reported that phosphorus
acplication increased the plant height and numbex of branches
per plant, while working on sandy loam soils at Kanpur,
Ihese ancillary characters rema;ned at par with 25 and
30 kg Pyug ha~7, Uaborne and Batten (1978) studied the
effect of superphosphate on rape (Brassica nspus) grown
on two sites. 31te I had low total nitrogen (0,066 to
0.125%) with available P ranging from 11 to 79 ppm. The
sice II nad‘nigh tocal nitrogen (0,124 to 0,146%) with
wide range of available P (8 to 50 ppm). Phosphorus |
application resulted in significant increase in dry matter
production. Strong and Barry (1980) in a pot experiment
scudied the effect of 32? labelled phosphorus under
different moisture regimes on growth of tops and roota
of rape and wheat, Phosphorus application did not
1nfluence the tops gréwth of rape‘both under dry (sdil



water content ranging from 0,25 to Q.33 g 3'1) and wet
regimes (soil watver content ranging from 0.33 to 0.42

£ g'1). The relative growth response was greater on soil
low in P than one having medium P content. In unfertilized
soil, rape produced larger root system in soils having
hizh P content (24-33 ppm). Pertilizer application
increasad the overall rootmass under dry and wet regimes
in P deficit soil. In rapeseed (Brassica campestris

var. yellow sarson), Mudholkar and Ahlawat (1981) observed
increased plant height with phosphorus application on
sandy loam so0lls at Sirsa., However, differences between
40 and 80 kg P0g ha~! sere not significant, Dry matter
accumulation per plant also increased significantly with
increasing levels of PyJg upto 80 kg ha”'. While Mondal
and Gaffer (1983) did not observe any marked effect

of phosphorus on growth of mustard,

2e1e2e d el 8

The work done in Canada by Soper (1971) showed that
the respons:z o thSphorué application in rape was
quadratic, When the solil F content was more than 10 ppm,
there was no response to added phosphate. Joshl gt al.
(1973) obtained higher seed yleld upto the application of
50 kg P205 ha'1 on loamy sand solils of Durgapura, There
was no difference in stalk yleld due to phosphorus appli-
cation. Bhan and Singh (1974) opined that 20 kg P30 na""
was sufficient for Agra reglon. Howevar. for central

tract of Uttar Pradesh, 25 to 30 kg Péos ha™! 1s



recommended for maximum yleld (Bhan and Singh, 1976), In
Australia, Osborne and Batten (1978) recorded increased

seed in Brasaica papus with drilled superphoaphate on

sites with low to medium level of available P, According
to Singh (1978), the rate of phosphorus Vafied from 25

to 50 kg P205 ha'1 for rapeseed-mustard provided organic
manures are applied in sufficient quantities under
irrigated conditions. In 3weden, Monoz (1979) stated the

need of applying 100 kg P ha~

for Spain and Tower varieties
of rapeseed., In Canada, Sheppard and Bates (1980) compared

the five levels of P ranging from O to 100 kg ha™?
1

applied
as broadcast with or without 7 kg P ha” ' banded below the
seed on Brassica napus. Though the response was upto 100
kg P haf1, the apparent yield increase from 50 to 100

kg P ha~' was not significant. Yield response to broadcast
P was eliminated when 7 kg P ha”!| was banded balow the

seed whereas 25 kg P ha™]
comparable yleld in the absence of banded fertillzer, Rape
reasponded upto 25 kg P na™’

10 ug cc"1. Working with yellow sarson, Mudholkar and

broadcast was required to produce
when the soil test value was

Ahlawat (1981) reported that phosphorus application had
favourable effect on dry matter accumulation per plant

upto 80 kg P205 ha71. Bowaver, seed yleld response wvas

not significant beyond 40 kg Py0g ha~', The relationship

to seed yleld and phosphorus application was quadratic

in nature, the optimum economic dose being 68.9 kg P05 na™?
with a net return of Rs 367 ha~'., Vir and Verma (1981)

obtained higher seed yleld 6£’rain£od mustard with the
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1 and higher dose of 60 kg

application of 350 kg P2J5 ha~
reduced the seed yield. Jn th: basis of over 10 year
trials in the United Kingdom, Archar and Vaidyanathan
(1982) recommended 40 kg Poig ha"1 for yleld more than
250 kg per hectare with soil F index of 1-2. For fields

1 was recommended.

with higher yield potential, 60 kg Pz"s ha”
The data from the All India Coordinated :gronomic Research
Froject experiments on cultivators' fields rsvealed that
application of 40 kg 5205 h:—:wf'1 gave an additional reaponse
of 500 kg ha"1 over 60 kg P205 hafq. The resvonse to P was
more in Manipur, Bihar, Haryana and Gujarat (Fillai et al,,
1984), Rana et al. (1984) conducted 62 and 53 single
raplicated trials for two years in succeszion (1980-81

and 1981-82) sn ;roundnut and raya, respzctively, on
cultivators' fields in Ropar and Patiala districts of
Punjab., [hey found the combination of 20 or 40 kg P205
ha"! with different rates of N (20, 40 and 60 kg ha")
dslgnificantly improved the raya seed yleld over their
individual applications, Christensen et al, (1985)
reported increased ylelds of mustard’in phoaphorus defi-
cient soils, Dhillon and Vig (1985) conducted field
experiments on raya at cultivators' fields in Ludhiana
district of Punjab during rabi 19682~83, Ihe available
phosphorus status of s0il was ranging between 7.2 = 12,5
kg ha'1. The application of phosphorus increased the sesd

yilezld and economic optimum dose found was 40 kg P205 ha'1.
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No response of mustard to phosphorus was reported
by many workers (Singh and Tomer, 1971; Patel et =al., 1980}
Chaniara and Damor, 198 and Mondal and Gaffer, 1983)
probably due to medium available P status of soil,
Response to phosphorus varied depending on soil type,

variety and locations.

2.1.3.‘Qgglit! O; seeg

The oil content of seeds of Brassica varies
considerably and it depends on nutritlon, weathor condi-
tlons during ripening stage and degree of maturicy of
sead at harvest, The reports on the effoct of phoaphoruas
on oll content are contradlctory. Phoaphorus appliéation
has been found to improve the 0il content (Gupta et al.,
1972 and Vidyapathiroy et al., 1981). However, applica=-
tion of P did not influence the oil content in many
studies (Monoz, 1979 and Sheppard and Bates, 1980). In
Australia, Osborne and Batten (1978) recorded increased
0il end protein yield in 3rassica papus with drilled
superphosphatés on sites with low to medium level of
availablse P, According to Vir and Varma (1981), there
was no conslstent cffect of P on the oll content of

mustard,
2~1'40 £ G &

Racz at al. (1965) studied the phosphorus utiliza-
tion by rape, flax and wheat on fallow and non-fallow
sites. They found incressed P content by addition of
phosphom“rartilizei-. Rape contained the higheat |
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percenta e of P at 21 days after seeding which decreased
with advancement of miturity, The P content of the plant
. materlial produced on the fallow site was generally higher
_ than in plants growth on the non-fallow site. Fhoaphorus
application algo increasad P content in seed. In green
house studies, Virmani and Gulati (1971) used monocalcium
phosphate labelled with 2P to study the uptake and utili-
zation of s30il and appliesd phosphorus by mustard and
found that phosphorus application significantly improved
the yield and total pnbsphorus uptake., Mehrotra gt al.
(1972) reported increased P content and its uptake with
addition of phosphorus upto 22 kg Pydg na~t, They
observed increase in P content upto branching stage and
it declined thareafter. Bhat and Nye (1973) compared

the amount of P taken up by rape on a pretreated sandy
loam with that removed from the soil through autoradio-
graph of depleting zone. The P gradient around the roots
indicated intense root activity but the zone of depletion
extended well beyond the tips of root hairs, According
to Bole (1973), root hair density increased with phos-
phorus application but soll P uptake was not closely
ralated‘to root hair length in any of th» P regimes,

The roots of rape virtually devoid of root hairs took

up 2 to 6 times as much 80il P per unit length as the
wheat roots with root hairs, Joshi et al. (1973) 6bt&ined
increased P content of plants with increased levels of
phosphorus at all growth stages, Available P content of
80il increased with phoaphorus applisation both at 30 and
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60 days after sowing. The available P values were slightly
low at 60 days indicating thereby comparatively higher
uptake of P by mustard. Application of phosphorus also
resulted in increased P uptake. Sheppard and Bates

(1980) reported that phosphorus fertilization did not
affect N concentration. Leaf P concentration increased
with P fertilization from O to 25 kz ha~' but higher rates
had little effect., The critical leaf P concentration

was as low as 0,2% =znd P concentration at 10% flowering
was not critical to seed yield, While comparing the P
uptake of wheat and rape using labelled phosphorus,

Strong and Barry (1980) found increased total phosphorus
uptake by roots and tops with P fertilization in soils

low in P content, The recovery of fertilizer phosphorus
was also more in such soils, The higher concentration

of rape roots (0,270%) than of wheat roots (0,074%)
resulted in the presence of a greater quantity of phos-
phorus in the root system of rape than'that in wheat,

~ Phosphorus in the rooi system 0f rape was 15-27% of the
total as compared to only 6=16% in wheat. In rainfed
mustard, P application had no effect on the N content

of the seed and 2tover, P concentration in both seed

and stover inoreased with P application and this increase
was significant upto 30 and 60 kg P,05 ha™' in seed and
atover, respectively. Apparently, the translocation of

P from stem to seed was poor under the hiiher dose, The
uptake of N and P in sped and stover followed similar
trend, Dhillon and Vig (198&) observed that application
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Of vhosphorus improved ths: efficiency of applied nitrogen.
Ths magnitude of phosphorus absorption by s2e4 and stover
Jecreased with increase in the level of P beyond 30 kg
PZOB haf1 (Vir and Verma, 1979).

2ele Sole chickpea

Phosphorus to legumes 1s as important as nitrogen
is to cereals, Its importance 1s well emphasised by
Russel (1970) according to whom the most limiting soil
nutrient to legume crop is phoaphorus. Phosphate
deficlency 18 the key factor for poor yields of pulse
¢crops on all soll types and phosphate application to pulae
is the basis of manuring of pulses (Saraf, 1983), Chickpea
is no exception to this. Legumes rejguire large smount of
this nutrient, not only for their growth and development
but also for fixation of atmoapheric nitrogen in their
root nodules (Graham and Rosac, 1979),

Reviewing the work done in India, Mahapatra et al.
(1973), Prasad and De (1981) and Saraf (1983) opined that
phosphorus fertilization was the first step towards
increasing pulse production, The influence of phosphorus
application on chickpea have been briefly reviewed under
the following heads:

2e2¢7 Blant growth
Singh (1971) studied the response of chickpea to

phoaphorus application on sandy loam soil having 0,034 per
cent total phosphorus at Varanasi (U.P.). Phosphorus
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application was found to increase markedly the root dry
weight, plant height, fruiting branches per plant, leaf

dry wei ht. Rathi and Singh (1976) conductaed trials at
Meerut (U.P.) on loamy soils of low fertility and observed
that there was significant increase in number oif branches
per plant. In a field trial under dry conditions of
Stavropol province (US3R), Sysoev (1978) observed that as
the chickpea plants do not form nodules under very dry
conditivns, pre-sowing application of ammophos is necesaary.
It increased the plant helght, leafiness and leaf area

by 200-300 ha” 1, Singh et al. (1983) reported from Varanasi
(UsP.) that the economic optimum rate of phosphorus was 45,4
kg P205 ha"1 for better growth of chickpea. Das (1985)
obtalned good response of tall chickpea to phosphorus
application, on sandy loam, alluvial soils of IARI, New
velhl., Phosphorus application had significant influence

on growth characters of chickpea. Raju and Verma (1984)
conducted experiments at Varanasi (U.P.) under rainfed
c¢ondition on sandy clay loam s0il having available bhos-
phorus 11,5 kg ha"1, There was a aignificint increase in
growth characters with the increasing rate of phosphorus
application, Dravid et gl. (1985) conducted pot culture
experiments at IARL, New Delhl and opined that application
of phosphorus, elther alone or in combination with zinc,
enhanced the dry matter production over control, The

fi2li experiment was conducted at Hissar (Haryana) on

sandy loam 80il having available P 13.25 kg ha"1 by
Borgohaiﬁ and Agarwal (1986),
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The frultings branches per plant were lncreased to

14,05 and 28,59% due to 40 and 80 kg Pols ha'1 over control,

Lelely a an 1ld att taes

A large number of experimental findings showed
positive response of chickpea to phosphate application upto
50-75 kg P05 ha ' (Chowdhury et al., 1975; Shama gt al.,
1975; Rathi and Singh, 1976; Aulakh and Pasricha, 1979;
Suryawanshi and Choudhuri, 19793 Chandra gt al., 1983}
Singh et al., 1984)., However, few workers have reported
no response to phosphorus application to chickpea
(Srivastava and Singh, 1975; Raikhelkar et al,, 19773
Dhingra and Kolar, 1979; Prasad and Sanoria, 1981),

singh (1971) studied the response of chickpea to
phoaphorus on a sandy loam s8o0il having 0,054 per cent
total phosphurus at Varanasi (U,P.). The increase in level
‘of phosphorus upto 67.5 kg Pyug na”' ephanced chickpea
yields significantly, Rathi and Singh (1976) from their
trials conducted at Meerut (U.P.), on loamy soils of low
fertility cbtained good response upto 75 kg P05 ha™t,
There was significant increase in number of pods per
plant, 1000~grain weight and grain yisld per plant. Working
on sandy‘loam 801l of Siraa (Haryana), Mudholkar and
Ahlawat (1979) reported that the response to applied
phosphorus was of a lesser magnitude, being 4,3 and 5.0
kg graln per kg of phosphorus at 40 kg P05 ha™' and 4.k |
and 2,1 kg kg~! of phosphorus at B0 kg Py0g na”?,
respectively during 197071 and 1971~T2. The available
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phosphorus status of the soil in the respective seasons
was 11,7 kg Ppos ha”' and 14,6 kg Ppdg ha™', Suryawanshi
and Chaudnuri (1979) reported increased chickpea yleld,
pod mumber and 1000-grain weight by phosphorus application

at Parbhani (Msharashtra) under ralnfed conditions.

1

On a sandy loam soil having 13,4 kg ha ' avallable

phospuorus at Delhi, Singn gt al. (1980:) reported positive
yield response to phosphorus upto 30 kg P na~1, The
yield componenta that were significantly influenced by P
application were the number of pods per plant and weight
of pods per unit area. Kalsi et al. (1982) obtained 8,0
aQ ha~! of more chickpea yleld by applying 40 kg P05 ha”
over control under rainfed conditions at Ludhiana (Punjab).

Working on red black soil of Rewa (M.P.), Dixit et al.
1

1

(1983) observed that P application upto 80 kg ha”  resulted
in consideraole improvement in yield attributes, Das
(1983) obtained good response of tall chickpea to
phosphorus application, on sandy loam, alluvial soils

of IARL, New Delhi, FPhosphorus application had signific-nt

influence on yield components and yield,

A field experiment was conducted at Durgapura,
Jaipur (Rajasthan) by Shaktawat and Sharma (1983) to
study the response of chickpea varieties to seed rate and
phosphoxus on 1oaiy sénd 8011, Different levels of phaos-
phorus exerted significant effect on the grain yield of

chickpea as compared to control, Inoreuing levels of
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phosphorus did not influencs the grains per pod, however,
test welght was increased slgnificantly., Singh et al.
(1984) conducted a field experimenﬁ on calcareaous séndy
loem soil with available phosphorus 8.9 kg ha” 71, Applica-
tion of 17 kz P ha | signific mtly increased the number of
pods per plnt and 1000=grain welght over controle. The
relationship between grain yield and phosphorus levels was
quadratic in nature, The economic optimum dose was worked
out at 26 kg P ha‘1. Yadav et al. (19835) conducted field
experiment during winter seasons »>f 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 P205 ha'1. increasged
the yleld significantly in both the seasons., Working on

1

sandy loam soil having available phosphorus 21.25 kg ha” ' at

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

application of phosphorus upto 80 kg P205 ha"1

resulted in
significant increase in the number of pods perlplant,
number of grains per pod, grain yield and straw yield
while test welght increased upto 40 kg Py04 ha~!, Similar
results were reported by Dobariya gt al. (1985) Arvadia
and Patel (1983) conducted field experiment on clay soil

having 24,78 kg available phosphorus ha ™'

at Navsari
(Gujarat) and reported that application of phosphorus
slgnificantly increased the number of pods per plant and
grain yleld 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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clay soil having svallable Py05 22 kg na~1, Kushwaha

et al. (1985) observed that increasing levels of phosphorus
from 20-80 kg P05 ha™" caused a progressive increase in
chickpea grain yield. Borgohaln and Agarwal (1986)
conducted fleld experiment on sandy loam s0il having
avallable phosphorus 15,25 kg ha"1 at Hissar (Haryana).
They reported that application of 40 and 80 kg P04 ha”
caused 13,7, 21,6 and 20,1 and 40,0 per cent increase in

grain yleld,

1

2-2-3. e te

The role of phosphorus in proper development of
plant roots and nitrogen fixing nodules is well known
which affect nutrient uptake,

The nitrogen contsnt as well as the amount of
nitrogen fixad in nodules of legume plants was found to
be higher with phosphorus nutrition (Knare and Ral,
1968), Sharma and Yadav (1976) obaerved at Kernal
(Haryana) that the effect of phosphorus fertili iution was
more pronounced on phosphorus uptake, The successive
dos2s of phosphorus increased its accumulation at all
the stages of growth., The uptake of N and P by chickpea
has been ostimafed to vary from 61~143 and 5-10 kg ha"1,
respectivaly, depending upon the crop growth conditions
(Saxena and Sheldrake, 1977). Jain (1978) observed that
phosphorus applied at 75 kg P05 ha™' significently
increased the uptake of nitrogen, phosphorus
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nd potassium, the magnitude of increase boin: 24, 36 and
L5 p:r cent, respectively, over control which removed 123
ks N, 15.3 kg Epds and 58,9 kg K,0 ha”',  Singh gt al.
(1978) working on sandy loam soil of Agra (U,P.), having
mz3i.m avallable phosphorus status, reported that the
phosphorus uptake of cnickpea increased with increase in
levels of phosphorus application from 0 to 120 kg P235 ha'1.
In pot trials with chickpea, Raut and Ghonsikar (1979)
reported from Parbhani (Msharashtra) that the amount‘of

F derived from the fertilizer increased with increasing
levels of applied P, The utilization percentage of applied
P decreased with its increasing levels., Srivastava

and Vim . {(1983) reportei an overall improvement in the
uptake of nitrogen and phosphorus wd in the quality of

leume with the application of phosphorus.

Singh gt al., (1984) conducted a fiz2ld experiment
on a calcareous sandy loam soil having avallable

phosphorus 8.9 kg ha'1. Application of 17 kg P ha

1
significantly increased the P-uptake over control, Prasad
and Sanoria (1984) opined that applicasion of 100 and

150 kg P05 ha~' increased the N and P in straw. d%vid

et al. (1983) conducted two sets of pot culture

axp=riments at IARI, New Delhi and found application of
phosphate carrier eilther alone or with zinc gave higher
values of P=uptake in all the soll situations over control,
Utilization of phosphorus was more when phosphorus and

zinc ‘were applied together. Mahajan et al. (1985)



21

conducted a field experiment at Jabalpur (M,F.) on clay
80il having available phosphorus 8,9 kg ha~1. There was
simnificant effect in the P-uptake in grain, straw and
total dry matter with the increasing fertility status of
soil and phosphorus levels, Phosphorus derived from
fartilizer in grain, straw and plant decreased signifi-~
cantly with the increasing fertility status of soil,
similar findings were reported in soybean (Mahajan gt al.,
1982). Howevar, par cent phosphorus derived from ferti-
lizer in grain, straw and plan*; increased significantly
with every successive increase in phosphorus level. This
finding also confirms the results reported‘earlier by
Singhania and Goswami (1974) and Rastogi et al. (1981),
Utilization of phosphorus in grain, straw and plant
decr:ased si¢nificantly with increasing fertility status

of sail, While soll phosphorus uptake in zrain, straw

and plant increased significatly with increasing fertility
stacus of soll and phosphorus levels, This result supports
the view reported earlier by Singhania and Goswami (1974),
Mahajan and Bisen (1980) and Mahajan et al. (1982),

Roy and Tripathi (1985) conducted experiment at culti-
vators' fields in the alluvium belt of the south

western region of West Bengal during 1980-81 and 1981-82
on gandy loam soil having 0,06% phosphorus. In general,

75 kg Pyug ha™! increased the mutrient concentration both
in grain and straw in both years. However, it was at par

wiih 50 kg Pyl ha™" in P and K concentratisn in straw

i
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during the second year and in K concentration only in
the first year, Das (1985) also reported that the
phosphorus application srowed the high:r uptake of N, P
and K by chickpea crop at different stages of growth in
grain, stalk as well as in whole plant. Mahajan et al.
(1985) in a field experiment on vertisol at Jabalpur

(M.P,) using 2%

P labelled superphosphate to study the
up take and utilization of soll and fertilizer P by gram
under different phoaphorus levels, observed that the
total F uptaxe by grain, straw and total dry matter

increased significantly with increasing P levels,

2e5e Mustard and chickpsa intercro syastems

Saxena and Yadav (1973) reported chickpea with
toria, sarson or mustard to be the common mixture in
rainfed agriculture in north India, The studies on
phoapnorus fertilizatisn in intercropping systems was
meagre, but a sincere attempt has been made to review
the influence of intercropping systems on the growth,
light interception, yield and yield attributes, quality,
nutrient content and uptare and yield advantages,
Wherever information on proper intercropping systems
were not sufficient,other related intercropping sysatems

ara alsy taken into consideration,

2e3e1s Plant height

Gangasaran and Giri (1985) conducted the field
experiments to assess the seed yleld and competitiv-
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1bility of assoqiated crop specles 1n blnary compositions
with mustard in different proportions (71 row of mustard
alternated with 4, 6 or 8 rows of chickpea, lentil,

parley) under dryland conditions of semi-arid tropics

of north India. The dry matter of mustard was adversely
affected more with barley than with chickpea or lentil
association., Mandal gt al. (1986) conducted the experiment
at Kalyani (West Bengal) on sandy loam soil having 16 kg
av iilaple phospnorus ha~!, Wheat and chickpea flowered

2 and 9 days earlier in mixed stand than when grown as sole
crops, Chickpea matured 12 days earlier when grown as

an Intercropping with wheat, There was no significanﬁ
difference in leaf area index (LAI) at 60 and 70 days

after sowing (DA>) between wheat 4+ chickpea and wheat +
musctard. But at the subsequent growth stages wheat +
cnickpea had significantly higher LAI. Higher LAL had
been reported under intercropping systems (Lih et al.,
1981; Kundu and Chatterjee, 1982),

Reddy and Willey (1981) concluded that the dry
matter yleld advantage of the intercrop was due to
improved efficlency of convarsion of sunlight., Kumar
and 3ingh (1987) conducted field experiment at Pantnagar
and oJbserved that intercropping of mustard with gram
resulted in reduction of number of branches per plant,
dowever, dry matter of intercrop was significantly
affectad by 1h£9rcropp1ng treatmenta.
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2,3.2. Light interception

Light plays an important role and is instanton-
eously available for interception by crop plants to be
simultaneously utilized for photosynthesis (Donald,
1961). Wiiley and Roberts (1976) remarked thét light
13 the most important growth resource and emphasized
needs for its uniform and efficient utilization by inter-

crops,

lhe studies made by Willey and Roberts (1976)
gnowed that at optimum plant densities, sole crops
attained 2 peak value 2f light interception and left
litcle scope for greater spacial interception by
intercrops. Similar observations were made in one of
the experiments conducted at ICRISAT, Hyderabad on
sorghum=pigeospea intercropping system (Willey, 1979),
Although the total dry matter yield was more and leaf
area index was slizhtly better, the peak light intsre
ception of 90% was almost identical to th: sole sorghum
crop., Sheldrake and Saxena (1979) studied effects of

shading on chickpea canopizs during :he reproductive
phasae at ICRISAT, Patancheru and noted 50% reduction in
photosynthetically active radiation (PAR), 15% increase
in yleld andvdelay in senescence. This they ascribed

to shading which reduced atresses that were accelerating
the senescence process. The light 1ntensity was assumed

still to be near saturatin. Further reductisn in light
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intensity delayed sene.cence even more but also reduced
yiz2ld., [lhe same work:rs osserved at Hissar (Haryana)
later (Saxena and Sheldrake, 1980) a significant reduction
in yield in all chickpea cultivars even when only 25% of
sunlight was Iintercepted. A drastic reduction in total
dry matter, harvest index, pods per m2 and seed per pod,

howevar, occurredi at B84% light interceptions

At Irinidad (West Indies), Hughes et al, (1980),
(1981) studied the effect of change in the light inter-
| ception duringz growth period on productivity of pilgeonpea.
They found that light interception was low during early
stage wnich increased continuously till the crop attained
maximum leaf area index (LAI)., In early types, the
interception was 50% at LAI 1, and it became 95% at
LAL 4.4, It was alsoy found that pigeonpea yleld was
directly related to the length of time for which light
was continuous on the leaf canopy and the leaf area
index (LAIL) attained by it that tize. It was also stated
that when plant densities increased from 2,00,000 to
6,00,000 plants ha'1, there was an increase of 15% in
radiation intarceptisn, but in no case the efficiency
of conversion of interceptad 1ight to photosynthetic
assimilate exceeded 2%. Similar results were obtained
by Keating gt al. (1980) and Sinha amd Savitri (1978).
fhese authors pointed out that efficiency of light
utilizatiun by crops and the ultimate 1noi-eaaa in grain
yield, depended largely on the moisture available in soil,
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especially during the reproductive phase of th: crop.

In chickpea the level of production of assimilates
seemed to determine 1ts seed yleld, high photosynthetic
rate at the stage of flower bud initiation increased the
nuuwoer of pods/plant (Mehrotra et al., 1981). They
further remarked that net photosynthesis duringz grain
development and the leaf arsa index at full bloom atage
determined the difference in biological yield which was
positivaly correlated with test weight as well as the

sged nunoer per pod.

The total lignt intercepted in the intercropping
system (plzeonpea + groundmut) was higher than pure crops
(Pareek, 1987), The advantages in dry matter yield of
intercror was due to the improved efficlency of Conversion
of light into higher amounts of asasimilates and mot
due to higher interception of sun light (Reddy and Willey,
1981) .

Keating et al. (1980) found a non linear
relationship between dry matter yleld and amount of
solar radiation intercepted. They made a more interesting
observation in that, the harvest index of early maturing
plgeonpea types, remained constant at 43 per cent

interception of sunlight,.

2e3e3e 14 attributes

Experiments at IARI, New Delhi (Anonymous, 1970)
reported that mustard gave‘higher yield over its sole
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stand when it was raised with chickp=a in 2 row ratio

o7 131, Saxena and Yadav (1975) reported that chickpea
seldom gave as large yleld as a pure ¢rop when it was
intercropped with Brassica campestris var. toria in
alternate rows, It was also found that the magnitude

of competition between chickpea and Brassica spp. was
lower than between 3rassica spp. and lentil, At Bawal,
Singh (13981) obtained a total yield advantage of over
70% when chickpea was intercropped in paired rows or in
alternate rows with toria. He also observed that a change
in the row ratios of elther crop gave over 41% increase
than th- sole ¢hickpea. EBxperimants conducted in
drylanis under the \ll India Coordinated Research Project
for Oilseeds (AICRPY, 1983=-84) at Pantnagar, Kanpur and
Durgapuri showed chickpea + mustard in 2371 and 111 as

the best systeme. It gaive the high chickpea eaquivalent
yields than other systems viz,, 381, 411, 5:1 and 6:1

1w ratios.

Gangnasaran and Girli (1985) conducted the field
experiments to assess the seed ylald and competitive
ability of associated crop species in binary compoaitions
with mustard in different proportions (1 row of mustard
alternated with 4, 6 or 8 rows of chickpea, lentil,
harley) under dryland conditions of semi~-arid tropics
oL north India., Higher yield advantage was in 1:6
row racio of mustard + chickpea or barley in dry‘aaason

‘and in 1:8 row ratio of mustard + barley in wet season,
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Competitive ability of mustard was higher in all crop
combinations and proportion. The graln yield of
chickpea and barley were not affected much by inter-
- cropping vis-a=-vis the ylelds recorded from sole crop
stands in 1979=80, But in 1980=81, the differences were
siznificant, more being from sole crops, The yleld of
mustard decreased more in assoclation with barley and
less with chickpea and lentil in 1980-~81. The grain
weight and number of grains per plant thac the yleld
components of mustard were adversely affected more with
barley than with chickpea or lentil association in
1980-81 with normal rainfall, In dry year (1979-80)

the yleld of chickpea and barley were not affected much
in intercropping system. Ahlawat et al. (1985) conducted
experiment at IARI, New Delhi and reported that pure
‘stand of both semi-spreading (BG~209) and tall (HG~218)
chickpea cultivars gave markedly higher grain yleld
than thelr mixed stands with different planting patterns
i.e, BO 209 and HG 218 in alternate rows, BG 209 »
HG 218 in alternate paired rows and BG 209 4+ HG 218
seed mixture in 131 ratio. The reduction in yield was
more conspicuous when both the cultivars were grown

together in alternate rows,

The results of experiments on crops like,
pigeonpea + greengram/blackgram (Giri and De, 1977),
cotton + safflower/sesame/greengram/cowpea (Nagre, 1979)
and safflower + coﬁpea (Willey and Rao, 1981) indicated
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no decrease in the ylelds of dominant base crops,
ralsed with the population rates, the yields of the
less competitive intercrop was improved at ita highér
plant densities, Studies made by Chowdhary and
Misangu (1981) on sorghum (rabi) + cowpea showed large
reductions in chickpea yields without affecting the
sorghum ylelds. Pothiraj (1985) conducted the field
experiment to atudy the sultability of wheat, safflower
and coriander as Lntercrcpé with chickpea. The normal
planting with 1 row of intercrop gave the highest
yield of chickpea equivalent of 688 kg ha'1. Among 7
intercropping systems, chickpea + safflower as inter-

1 of chickpea equivalent and was

crop gave 944 kg ha”
found superior to other intercropping systems. Kumar
and Singh (1987) reported that gram yield was highest
in pure stand and decreased in all intercropping
combinations with mustard. Mustard yleld was also
maximum in pure cropping and decreased in other

treatments, =

;

20304, Quality of seed

The information available on quality (oil and
protein) of mustard and chickpea, as influenced by
intercropping systems is relatively less, So informa~
tion published in other crops is also reviewed,

The oil was 8lightly higher when mustard was
intercropped with potato and it ranged between 39,7 and
b5;7%‘(AICRPu; 1983=84), In another experiment conducted
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by \ICAPY (1983-84) no change in.oil was noted when
wneat and mustard were intercropped in 9:1 row ratio.

" As against this, Jana (1965) noted improvement in
protein when planting geometry was modified. A higher
protein content between 19 to 21% was reported in
different mustard cultivars by Gangasaran and De (1979)
under rainfed conditions of IARI, New Delhi,

2.3:5. Nutrient content and uptake

Nutrient uptake by crops rais=d alone or in an
intercropping systam is controlled by availability of
water in root zone. It is assumed that componont crops
vhen raised alone exploit different scil layers and
when grew in association exploit a‘greater total
vylume of sail., Ihis was considered by some workers
(frenbath, 1974), the possible cause of yleld advantage
in growing some crop mixtures, The differences in
rooting pattern could occur, becmuse of tendency of
roots to avoid overlapping in rooting growth mutually,
The crop thus, avoids areas that have already depleted
resources (nutrient and water) by an associated crop.
There 18, however, evidence to show that component
crops having deep roots may force its roots even deeper
by ths presence of shallow rooting components
(Whitlengton‘and Obrien, 1968; Fisher, 1976 and
Lakhani, 1976).
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Upcake of nutrients was l:8s than half (38 kg
h.a"1) to that of pure plgeonpea when it was intercropped
with sorghum (Kumar Rao et al.,, 1983), Wahua (1983)
also made similar observations in malze-cowpea cropping
system. Reduction in uptake by intercrop is due to
its poor competitive mbility than the sase crop
(Natarajan and Willey, 1980 and Kumar Rao et al., 1983).

Amarchand (1975) did not note any adverse effect
on biological yield and nitrogen uptake in a pigeonpea
based system. The N content in diffarent parts of
field bean at all the 3tages of growth and ai: harvest
was drastically reduced when water was in short supply
(Farana, 1981),

2.3,6. Yield advantages

To Jjudge whether crops should be grown as intere
crop components rather than sole crops, land eguivalent
ratio (L&R) as a measure is often used. In intercrops
of legumea with non-legumes, the legume usu;lly obtains
much of its nitrogen by fixation of molecular nitrogen
whereas the other component axploita the NO{ and HH#"'
of the soil solution. On soils deficient in available N,
legume=-non-legume intevcrop systems may achieve higher
LER showing legume components as more useful (Trenbath,
1976) .

Saxena aad Yadav (1973) reportec that chickpea
séldom gave as large yield as & pure crop, but when it
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was intercropped with Brassica campestris var. toria

in alternate rows resulted in higher chickpea equiva-
lents, 3Singh and 3ajpal (1982) obtainad highest net
profit when mustard and chickpea were intercropped,
Gangasaran and Girld (1983) reported that the total LER
at all the spatial ratios in mustard + chickpea system
and in 1:4 and 136 spatial ratios in mustard + barley
system was recorded to be more than unity.

An intercrop of chickpea and safflower is mo‘re
remunerative than a pure crop of either chickpea or
safflower (Willey and Rao, 1980), There was superior
productivity and profitability of chickpea + safflower
intercropping over the conventional practice of growing
chickpea alone (Itnal gt al., 1980 and Nikam 2t al.,
1987). Similarly, Pothiraj (1985) reported that
chickpea + safflower intercropping aystem gave higher

net retums,

Mohta and De (1980) evaluated several systems
of intercropping malze and sorghum with soybeans. It
was reported that LeR increased to a maximum of about
48% by intercropping maize and sorghum with soybeans
compared with cereal sole crops, Malze rows planted
120 cm apart and intercropped with two rows of soybeans
or sorghum planted 90 cm apart and interoropped with
one row of soybean proved to be the best intercropping

pattern, They attributed this advantage to a better

il
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utilization of solar radiation by the component
crops. Singh (1981) reported that the LiR was influ-
encad considerably by different intercrop and spatial
arrangements., He obtained maximum LER by planting
sorghun in paired rows having two rows of grain cowpea
with S0 cm spascing, although the net returns were
maximum .ith fodder cowpea in the saﬁe spatial
arrangement., Martin and Snaydon (1982) reported that
in barley and field beans grown in pure stands,
alternate row mixtures and within row mixtures, the
Lot based on seed yleld was consistently greater

than 1 only when the crops were grown in alternate
rows., The L& was greatest (1.8) when the mixtures

included more barley than beans,

L B B



3. MATERIALS AND MuTHODS

The dectails of the materials used and techniques
adopted for getting desired information from the present
experiment are presented in this chapter,

3.7, wxperimental site

The field experiment was carried out in the
Agronomy farm (rainfed Todapur Block) of the Indiasn Agri-
cultural Research Institute, New Delni during rabl
seasons of 1985-86 and 1986«87. The field had fairly
levelled topography and sandy loam in texture,

3.2, Cligate snd weather

The geographic location of New Delhi 1s 28°40°N
latitude and 77°11'E longitude with an altitude of 228,7
metres above the mean sea level. The climate is semli-arid
- and sub~tropical with extremes of hot in May-June and cold
- in December=January. Summers are hot and dry with day
K $emperature raising upto 46°C, Winters are very cold
with minimum temperature as low as 35°C during Jsanuary.

The dally maximum and minimum temperatures and evaporation
rates show an increase from February to June and decrease
from July onwards., New Delhi receives an average anmual
rainfall of about 652 mm of which 547 mm (84%) is contri-
buted by south-west monsoon between June and September

and the remaining 105 mm (16%) between October and May,

Winter showers are usually received during January-
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February. The mean annual evaporation is about 850 mm,
The meteorological observations during the experimental
period were recorded from the Water Technoclogy Centre,
Indian Agricultural Research Institute, New Delhi which
is depicted in Fig. 1 and the meteorvlogical weekly
averages are‘detailéd in Appendix I.

In 1985-806 season, the total precipitation was
normal (102,6 mm), its distribution was algo quite well,
But in 1986-87 season, the total precipitation was
substantially lower (55,2 mm) than the normal, its
distribution was also uneven, The crops were under streas
in chs first half of thelr growing aseason because during
the first 12 weeks, the anoun’c‘of precipitation received
was only 5.4 mm. The amount and distribution of rainfall
in the two crop seasons influenced considerably the
temperature (max, and min.) and relative humidity. The
mean weekly maximum and minimum relative humidity ranged
from 64% to 95% and 25% to 70X, respectively, for 1985-86 crop
season, while 1t was 59% to 98% and from 20¥% to 69%,
| respectively, for 1986-87 crop season. The mean weekly
maximum temperature ranged from 18,1°C to 38,0°C and from
16,7°C to 32,3°C, respectively, for 1985-86 and 1986-87
crop seasons, The corresponding values for mean weekly
minimum temperature were 3,1°C 0 19.6°C and from 2.0°C to
19:3°C,

3a3s C C 8

A composite soll smiple was collacted from the
field to study the avallability of the major nutrient
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elements and some related properties of the 301l of the
experimental field prior to experimentation. The
mechanical and chemical analysis of the soil is detalled
in Taole 1, which reveals that the experimental field was
sandy loam in texture, low in organic matter and avalilable
nitrozen but medium in avallable phosphorus and potassium,
The 30il was alkaline in reaction and had low cation
exchangs capacity. The electrical conductivity was very

low and thus low soluble salts,

3e4s GCropping history
Fodder bajra without fertilization was taken in

kharif season from 1980=81 to 198483,
35, LXpe ental details

The detalls of the experiment are as follows:

34541, Ireatments

A. Planting patterns:
- M '=w Sole mustard
Cp = Sole chickpea
M+Cp (434) = Mustard + chickpea in L4314 pattern
M+Cp (133) = Mustard + chicKkpea in 1:3 pattern

B. Phosphorus levalsi
Pop = O kgP ha™l
Pqp = 10 kg P ha™"
Ppp = 20 kg P ha™’

Pyo = 30 kg P ha™'

Thus, there were 16 treatment combinationa,
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Table 1. Physical and chemical characteristics of soil

Method employed yalue

Properties e |
1985-86 1986-87

A. Mechanical composition

Sand (k) Hydrometer method 7.7 71.8
(Bouyoucos,1962)

Silt (%) Hydrometer method 12.4 12,3

: (Bouyoucos ,1962)

Clay (%) Hydrometer method 15,9 = 15.9
(Bouyoucos ,1962) L. ;

Textural class Triangular Sandy loam
diagram (Brady,
1983)

B. Chemical composition

Jrganic carbon (%) Walkley snd Black 0,27 0430
method (1934)

Total nitrogen (%) Modified Kjeldshl's 0,03 0,03

method (Jackson,
1967)

Available nitrogen Alkaline perman- 152,08 184,96
(k ha"1) ' anate method
g Subbiah and

Availanle phosphorus
(kg ha=1)

Availanle potassium
(kg ha™1)

‘Asija, 1956)

Olsen's method

1 N ammonium
acetate extract
method (USDA
Hand Book No.60)

16,10 = 13,40

136,60 196,00

Blectrical conduc- USDA Hand Book 0,24 0.25
tivity (mmhos cm=1) No. 60
at 25°C
pH (1:2,5 301l to Beckman's pH 843 B.2
wascer ratio) meter (Piper,

1950)

Schollen Berger's 9,80 9.80

Cation .exch an%e
capacity (me/100
g 30il)

method (Metson,
1956)
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3¢5.20 Jesdign
Randomi zed Block Design

3.545. neplications : 3
3.0.. Plot 8l:e

A. Gross plot ¢ 3.0 m x 4.5 m = 22,0 8qg.ms.

B. Net plot 1 5.0 x2.7m = 13,5 8qem.

The layout plan of the experiment 13 given in
Flg. 2e

30545, wxperjimental crop variety
A. Mustard: Pusa Barani (PR=~45)

It has heen developed by cross breeding and

selection at the Indian Agricultural Ressarch Insticute,
New Delhi. It zrows 4 to 5 feet tall, and take 140-145
days to m:ture, It exhibited high seed yleld potentials
(25-30 q ha™') both under irrigated as well as rainfed
conditions. It has bold seeds (test weight, 3.5 -~ 6,0 g)
"and seed contained 40~-43% oil., It is non-shattaring in
"habit‘and withstand delayed harvesting and adverae

- weather conditions at maturity,

B. Chjckpea 3 Pusa~-261 (BG-261)

This variety has been develaped from the cross

between P.827, a desil cultivar of Indian origin and a tall
Kabuli type P. 9847 from USSR by pedigree method of
selection. It was released by Central Sub-Committee on
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Crop Standards, Notification and Release of Varieties in

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

Rajasthan and Uttar Pradesh, It is a distinctly tall
variety with plant height ranging from 65-85 cm, upright

and compact growth habit and possessing less number of

tertiary and late order branches,

medium, long ovate and light green in colour,

The leaflets are
The seeds

are very attractive of golden yellow colour, medium bold
in size with seed index 14-18g. 1t matures in 130«140

days. It possesses excellent resistance to Ascochyta
blight both under natural and artificial epiphytotic

conditions and moderately resistant to pod borers,

3.6,  Eleld operations

Detalls of the field operations carried out during

the experimentation period are given in Table 2,
Table 2, Schedule of field operations during the crop

seasons
3. Mo. Name of operation ates
1+ Field preparation 1411.835 15,10,86
2, Layout of the experiment 3.11.85 18,10,86
3. Partilicer plscement 5.11.88 20,10,86
4, Sowing 611485 21.10.86
5. Thinning and adjustment 26,11485 10,11,86
snd plant population
6. Interculfural operations
Ea; First weeding and hoeing 26,1185 10,111,686
b) Second weeding and hoeing 26,12,85 10,12,86
7. Plant protection measures =
Metasystox @ 0,03% ‘ 24 2,86 24, 1,87
8. Harveating: ‘
Eag Mustard be 4,86 28, 3,87
b) Chickpea 19, 486 2, 4,87
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3+6.1. Land preparation
The experimental plot was ploughed thoroughly by

a tractor drawn mould board followed by cross discing.
The field was levelled and pressed with the help of a

tractor drawn levellar,

3.6.,2, Fertilizer ap:zlication

A basal dose of 15 kg N and 30 kg K,0 ha™' was
applied in the form of urea and muriate of potash,
respectively. Urea, muriate of potash and single super-
phosphate (as per treatment) were placed 3-5 cm 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 Ccrops.

3.6.3.

To study fertilizer phosphorus uptake and lts
utilization by mustard and chickpea under different
planting patterns, single superphosphate labelled with 32?
‘was used in this investigation. The labelled fertilizer

with specific activity of 0.3 mCi 5-1

of on5 was procured
from the Isotopes Division of Bhabha Atomic Research
Centre, Trombay, Bombay, The labelled fertilizer was
applied to nne row of one matre length of each plot and

banded 3=5 cm below the seed as per the treatment,

346.4. Seeds and sowipng
The sowing was done mamually with the help of a

metallic tube attached to a plough in order to place seeds
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about 3~4 om below the soll surface, The seed rates used
were 4 and 80 kg na~! for mustard and chickpea, respec-
tively. The inter-row spacing for mustard and chickpea
under s0le and 434 planting patterns was 45 om apart and
inter-plant spacing for mustard was 20 cm. The inter—
row spacing for mustard under 133 planting pattern was
doubled to 90 cm while inter-plant sﬁacing 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 two inter-row spacing was kept

30 cm apart.

3.7,  Cultural operations
3¢7.1. Ihinning

Due to thick pepulation, the thimming operation
bacame necessary. Thinning was done 20 dayc after

sowing t maintain the required plant to plant spacing.

3+7.2, Heeding

Manual waeding was done twice, 20 and 50 days
“after sowing (DAS) to provide an ideal environment to
crop canopy in situ.

3.7.3. PElant protection measupes

"The mustard crop had infestation of aphids in
both the years., Metasyatox was sprayed at the rate

of 0,03 per cent,

3.7.4, Harvesting and threshing

The crops from the net plot area were harvested



as thelr physlolozical stages of maturity and allowed for
drying in the same plots, The weight of the biological

yield (seed + straw) from the net plot was recorded.

I'hreshing was done using 'Pullman’ threshar.
Thne seeds were collectad, cleaned and the net plot seed

yield was recorded and expressed in terms of g ha™1,

368 Blometric observations

308e¢7s Pre-~harvest studies

Five plants of mustard and chickpea £rom each
piot were drawn at random at 75 DAS and at harvest and

used for recording various biometric cbservations.

3. 8. 1. 1.Plant heig!}t

The helght of five plants chosen was measured in
cm frow ground surface to the tip of the main stems The

average was calculated and expressed as height per plant,

3.8.1.2.Primary brmches

The numb.-r of primary branches raising from the
nodes of the main stem were counted for five plants,
The aversge was calculated and expressed as primary
branches per plant.

3.8,1+3edecondary bragches

The number of secondary brandhes raising from
primary branches were counted for five plants. The
average was calculated and expressed as secondary branches

per plant.
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30801040103& !IMber

The number of l2aves for five plants was counted
for mstard only and this cbservacion was omitted
for chickpea., The average was calculated and expressed

a8 number of leaves per plant,
Je8BaleIsk@af area

The leaf area of separated leaves of mustard crop
was measured with the help of a Leaf Areg Meter, LI-3100
(LL.CUR, Ltd., Lincoln, Nebraska, U.5,A.)s The values of

2

leaf area were obtained directly as in om™ per plant and

wged ror computing the leaf area index.

3.84146.Leaf Area Index (LAI)

From toe l-:af area per plant, the Leaf Area Index
(LAL) was worked out for mustard crop by multiplying
tne leuf area peor glant with the number of plants in the
n:t plot area and dividing it by net plot area of respec-
tive crop as glven by the expression belowt |

LAL - Lesf ar:a per plant (em®) x No. of plagts in net plot

Net plot area (m“) x 10

348,71, 7-Dry matter accumulation
2

, The plants from labelled area of 0,18 m™ area
were sanpled at 75 DAS and at harvest, These plants
were sun Jried first followed by oven drying at 65°C for
24 hra, and weighed on electric operated top pan balance
(Metller, Type K7T, Swiss made). The dry weight of
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samples was recorded and expressed in terms of kg ha™7,

3484148, Light interception

Interception of solar light at crop canopy was
measured with the help of 'Lux Meter'. The observations
were recorded at 75 and 105 DAS. Observations were made
at three heights: top, middle of crop canopies and at
ground surface for main as well as the intercrop., The
values were recorded for each treatment and averaged.
The percentage of light incidence and light intercepted

was calculated by following formulae,.

Light incidence of different
(1) Percentage of _ ¢ ¢ % 100
light incidence ncidence on the crop
canopy

(1i) Percentage of
light inter- « 100 - ¥ light incidence

ceptad
(141) Percentage of Light incidence at top of
light available = tare Kpea x 100
to intercrop ncldence on to
(chickpea) of main crop (mustard

5.8.2, Post-haryest studles
3+8.2,1, 8iligua/pod number

The total number of siliqua of mustard and pods
of chickpea were counted for five plants. The average
was worked out and expressed as siliqua/pod number per

plant.

308422, SBGQ ;;ggber

Twenty five siliquse/pods were selected randomly
and total number of seeds for mustard and chickpea were
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counted. Th=2 average waa worked out and express=d as

nunber of seeds per siliqui/pod.

3084205, Test weight

Mustard and chickpea seeds were drawn randomly
from total produce of each treatment and 1000 sexds
were counted and welghed. The welght was expressed 28

g per 1000 seeds.,
5:9, R etric

For radiometric analysis, the plant s=mples
were taken at 75 DAS and at harvest from 40 cm length
of the row in which labelled fertilizer was applied.

The isotopic investigations were carried out
following the method as described by MacKenzlie and Dean
(1950). The plant samples were first sun-dried and then
oven dried at 65°C for 24 hours, These samples were
ground with the help of 'Macro-Wiley mill' and passed
through 40 mesh sieve, Powdered plant samples weighing
3 g were used for preparing briguettesa with the help of
a hydraulic préss ‘Carver Laboratory Press Model C' of
Fred S. Carver Inc. USA. The briquette was placed on the
platform number 3 below the Gelger-Muller Tube inside
a lead-castle manufactured by Trombay Electronic
Instruments, Bombay, Type C 1700 A, The Geiger-Muller
tube was connected to the counter, model No, GCS 16,
made by Electromic Corporation of India Ltd. (E.C.X.,
Ltd. ), Hyderabad, The specific activity of briquette

~was gounted for 200 seconds per sample at 1155 volts
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which 1lics in the plateau region of the characteristic
curv- for Gelger-Muller tube,

3,97, Preparation e lize: s

The fertilizer standard was prepared for
determining phosphorus derived from the fertillzer
source, One gram of labelled single superphosphate
was dissolvzd in distilled water and the wvolume was
made to 1000 ml, The required fertilizer standard
solution of 47 ml was mixed with 9 g of plant biomass
powder (unlabelled) which was previously oven dried
at 65°C for 24 hours and ground. Thus, 3 g of
inactive plant material was having 1 mg phosphorus,
The 3 g plant material of standard and samples (as
per treatment) were pressed into a brigquette by hydraulic
press for 32P assay to determine the specific activity
of the labelled fertilizer phosphorus applied to the
plants,

3.9.2. Specific activity -

Specific activity is defined as the total
radio-activity present per gram of radioactive isotope
and is expressed in terms of pCi/g or mCi/g or counts
per second/millimole,

Net counts per second (CFS) was obtained with
the helﬁ of the following formulag

Sample counts in  _ Background counts
CPS = 200 sac 2 2
. ~ 200 sec -
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Thersafter, the specific activity of the sample
or the standard briquette was calculated with the help
of the following formula:

Specific activity = CPS/mg P in 3 g plant

matarial

Decay factor for 32p (from decay chart) was

Also considered while calculating the apecific activity
0f the fertilizer standard or sample.

36963, 1 rus de 2 m fe ze

The advantage of isotopic fertilizer studies
is the gquantification of fertilicer contribution in crop
prodwtion, The proportion of fertilizer phOSphorus
uptake by a crop was estimated from phosphorus derived
from fertilizer (PAfF) and expressed in terms of

percantage.
ecific ac Q 1 x 100
PAfF (%) = pecific activity of fertilizer
) standard
3.9.“0

The use of 32? as a tracer is the only direct
“and accurate mathod of quantitative measurement of the

efficiency of fertilizer use by plants.

Utilization of Fertilizer P uptake in

applied phosphorus (%) - %%%@%lizer Faidsd por X 100
‘ unit area

3.9.5. A'-yalue

'At=value concept is based on the agsuuption
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that when two sources of a ziven nutrient are present
in the s0il, a plant will absorb the nutrients from
zach source in direct proportion to the resapective

quantities available (Fried and Dean, 1952),.

"A'-value was calculated with the help of
following formulas

1400 % P4f£s rate of P applied tarough
Al-value = @533 X gertilizer (kg ha's)

where,

% PAfS = Percentage of phosphorus derivad from soil
(100 - % PAfF)

% PALF = Percentage of phosphorus derived from
fertilizer

36104 alitative 8l

34107, 0;1 co;;tent

Five g saeds of mustard were oven dried at
63°C for 24 hrs, These seeds were used to £ind out the
01l content (%) with the help of Nuclear Magnetic
Resonance (N.M.R.), Minispee PC=20, Bruker Make, 20 MHZ
R.¥. (Radic Frequency), West Germany in the Nuclear
Rasearch Laboratory, I.i.ls1., New Delhi,

3410,2s Prote content

A sanple of Q.5 g of ground seeds of chickpea
from each plot was taken and analysed for nitrogen content
usiag colorimetric method (Snell and Snell, 1939), The
protein content of samples was worked out by multiplying
N content with 6.25 as detailed by A.0.AC. (1960),
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Za.07, Chemical analysis

Je bie 1. Muiriznt content studles

fhe plant samples collected at different growth
sta_as for radicchemical assay were oven dried at 65°C
for 24 nrs., The dried samples of plants werz ground to
pass through 40 mesh sieve in a 'Hacro-Wiley<Mill'.
From esach sample 0,5 g was weighed separately for
chemical analysis to determine th:: content of nitrogen
and phosphourus 2t different stages of growth.

The total nitrogen content of plant was
determmined by colorimetric method (Snell and Snell, 1955),

3114 1.2.FPhosphorus
The estimation of phosphorus content was done
by analysing 0«5 g of ground semple, using Vanado-

molybdo~phosphoric yellow colour method (Jackson, 1973).

3.72,  Mustard grajn equivalent

Since the sale pricaes of the grains of the
component crops, mustard and chickpea ars different,
for proper evaluation of the treatments it 1s necessary
that the produce of the component c¢rop is expressed in
terma of the maln crop. For this purpose the grain
yleld of intercrop chickpeé was converted into mustard

grain equivalent, based on the prevailing selling prices
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»

>f sh2 commoddty by th: followlng formulas

Mustard grain Grain yield of Ainter-

- -1
squivalent (q ha™') ™ Orggréq ha=1) x price of
Price of mustard (Rs g-1)

3.2, L E ent Ratio (LE

LEit 1s the relative size of land under a sole
crop systzm which will be necessary for obtaining th-~
same yleld as in an intercropping system. LER isa

computed by using the following formulas

I-L:.Ra% +%§

where,
Yab = Yield of 'a' grown in mixture (a and b)
Yba = Yield of ' grown in mixturs (a and b)
Yaa = Yield of 'a' in pure stand
Ybb = Yield of ™' in pure stand

3414, 2 e

S04l samples for estimation of moisture were
drawn from O=15, 13=30, 30-60, 60-90 and 90120 cm
depths, The first set of samples was taken at sowing
and subsequent sampling was done at 30 days interval,

The aoii samples were wajighed immediately and
‘dried in an oven at 105°C for 24~48 hours. After drying,
samples wele agéin welghed and the loss of moisture was

estimated and a2xpresged as percentage of molsture on oven
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dry weight of 8,11, These values were utilized in
computing moisturs depletion pattern,

3.15. 2] 0ls epletio

Soil moisture depletion in each layer was

worked out by the following formulas

Q= Bﬁﬂ!ﬁfﬂm-l‘-mxne+9m+np+0w

where, Q = Quantity of moisture depleted (mm)

Pw¥% = Change in s0il moisture percentage between
the two sampling dates for (ith) layer

dbi = Bulk density of the ith soil layer (g/cm’)

Re = Effective rainfall (mm) between the two
301l sampling intarvals
Di = Soil depth of the ith layer (mm)

PiT = Potential evapotranspiration (mm) for the
continuously raising period when soil
moisture depletion by gravimetric method
cannot be worked out,

Dp = Deep percolation losses (mm)
Cw = Capillary water contribution (mm)

Depth of so0il moisture depleted between two
sampling dates was worked out by adding the values obtained
for all the 5 layers sampled and was axpressed in mm,

Soil moisture depletion in each layer was expressed (%)
of the total gquantity of moisture depleted from the
~ field, PET, deep percolation losses and capillary water
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contribution were not considered in the present study.

3.16, Statisclcal analysis

The data collected in the experiment were
subJectzd to statistical test by following Analysis
of Variance Technique (Cochran and Cox, 1967). Whenever
the variance ratio (F-value) was found significant, the
critical difference was computed for making coumparison
among the treatment means. A second degree polynomial
responsa aquation was fitted between phosphorus levels
and graiﬁ yleld by the method of least square. From this
regreasion line economic level of phosphorus was

calculated with the help of the following eguation:

Economic optimum dose = Q[ggk

where »
Q = Price of fertilizer
P = Price of product

b and c are the paramsters



The observations recorded during the experiment
pertaining to growth, yield, quality, radio~chemical assay
and chemical properties of 30il as influenced by planting
patterns and phosphorus levels were statistically analysed
and after evaluating the data for thair test of signi-
ficance, observed results are discussed in this chapter
and presented in sultable tables as and where required.

Lo, Pre-haryest studies

Lele1s Plant helght

The planting patterns and phosphorus levelas did
not affect mustard height significantly while planting
patterns significantly influenced the chickpea height
(Table 3), Invariably plant height of both the crops was
higher during 1985-~86 than 1986-87 and increased with
the increasing levels of phosphorus, The plant height of
chickpea was significantly higher in mustard + chickpea
(113) than sole chickpea at both the stages during both
- the years, It was also significantly superior over

"~ mustard + chickpea (414) at both the stages during 19835-86
'~ and only at one stage i1,2. 75 days of sowing during

1986~87.

h"‘ Q2.

The planting pattern and phosphorus lavels did
not significantly influence the mumber of mustard main
branches while planting patterns significantly influenced
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the number of chickpea main branches (Table 4), Invariably
number of main branches of both the crops were more

during 1985=-86 than 1986-87 and increased with increasing
levels of phosphorus, The number of main branches in
chickpea were significantly more in sole mustard and

mustard + chickpea (4:4) than mustard + chickpea (1:3),
La16 36 ar sub-branc

Planting patterms and phosphorus levels did not
affect number of mustard sub-branqhes significantly
' whereas planting patterns significantly influenced the
number of‘chickpea sub=-branches (Table 5). The number
of sub-branches were more during 1985-86 than 1986~87,
Except at harvest during 1986-87, the number of chickpea
sub=branches were significantly more in mustard + chickpea.
(414) than in mustard + chickpea (1:3) while the
difference between mustard + chickpea (414) and sole

mustard was at par,
Lelals, egves

There was o significant effect of planting
patterns and phosphorus levels on number of leaves of
mustard during both the years except at 75 days after
sowing where planting pattern significantly a:tect the
nunber of leaves during the crop season of 198586
(Table 6), The number of leaves were significantly more
in mustard + ohickpea (113) pattern than sole mustard,
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lable 6, Effect of treatments on rmmber of leaves per

plant
Treatments Mustard
—1985-86 1986-87
75 DAS Har- 75 DAS  Har-
vest vest
A. Planting patterns
Sole mustard 43,9 26,9 41,3 20,5
Sole chickpea - - - -
Mustard + chickpea (4i4) 48,3 27.2 43,0 21,5
Mustard + chickp-a (1313) 49,2 28,9 46,4 2363
Secm ¢, 1,28 0,73 2,09 0,89
CD 3% 375 NS NS N3
B. ?ME!E.BL@._L%EL&
0 43,8 25,8 40,0 19,8
10 45,5 27.7 43,3 21,3
20 47.3 28,2 Lhe3 22,53
30 43,3 29.0 46,5 23,6
Som _4_'. 1.47 0.8“ 2.‘02 1;03

CD 5% NS NS NS NS
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The application of phosphorus towards higher side
did not reilect significant effect, however, the number
of leaves per plant increased with the increasing levels

of phosphorus.
401a5- a X (L

The planting patterns significantly influenced
the LAl of mustard in both the years while the effect of
phosphorus levels was found significant only at 75 days
after sowing in 1985-86 (Table 7).

The LAI of mustard differed in the twdo crop
seasons and the differences ware marked, it was h;Lgher
in 1985~8 than in 1986~87, The LAI of mustard was
higher in sole mustard and nustard + chickpea (1:3) than
mustard + chickpea (434) to the tune of 81 and 101%
at 75 days after sowing in 1983-86, respectively, while
at 105 days after sowing it was 90 and 95%. In 1986-87,
similar results were obtained and the 1ncfeme was
récorded to the tune of 93 and 103% a% 73 days after
sowing while 85 and 104% at 105 days after sowing., The
application of phosphorus increased the LAL of mustard
but results were significant only at 75 days after
sowing in 1985-86 and application of 10, 20 and 30 kg
P ha”! enhanced the LAI to the order of 8, 15 and 22%

over the control.

he1.6. Dry matter production
The planting patterns significantly influenced
the dry matter production of both the orops in both the
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fable 7. iffect of treatments on leaf area index (LAIL)

Mustard
198586 1986-87
75 DAS 10% DAS 7% DAS 108 DAS

Treatments

A, Elanting patterns
Sole mustard 1.052 1.848 0,994 1.688

Sole chickpea - - - -
Mustard + chickpea (4:14) 0,580 0,973 0,515 0,842

Mustard + chickpea (1:13) 1,164 1,899 1,044 1,722

5.Em % 0,010 0,044 0,048 0,062
CD 5% 0,030 0,129 0,163 0,182
B. Pho lavels
(kz P na=1)
0 0,837 1,496 0.762 1.316
10 0,908 1,523 0,827 1,373
i 20 0,964 1,391 0,876 1,438
30 1,019  1.683 0,939 1,542
5.Em 4 0,042 0,050 0,055 . 0,071

Ch 5% 0.123 NS N3 NS
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years while phosphorus levels could only influence
signizZicantly, the dry matterﬁf mustard at 75 days

after sowing in 1985-86 (Table 8), The dry matter of

both the crops in two crop seasons differed markedly,
t was higher in 1985-86 than in 198687,

The dry matter of mustard was higher‘ in sole
mustard and mustard 4+ chickpea (113) than mustard «+
chickpea (434) to the tune of 75 and 56% at 75 days
and 121 and 131% at harvest, raspactively, in 1985-£6,
In 1986=87, similar trend was observed and increase
was noted to the tune of 107 and 116% at 75 days and
109 and 122% at harvest, respectively, Phosphorus levels
significantly influenced dry matter production of mustard
at 75 days after sowing in 1985«-86 and the application
of 10, 20 and 30 kg P ha"! increased the production of
dry matter to the tune of 5, 9 and 16% over control,
respectively. At harvest, the effect of phosphorus on
dry matter produétion lack the level of significance
in both the years,

The dry matter of chickpea was higher in sole
chickpea and mustard + chickpea (113) than mustard +
chickpea (434) of the order of 114 and 60% at 75 days
and 149 and 37% at harvest, respectively, in 1985~86,
In 1986-87, similar“type of results were observed and
increase was recorded to the tune of 121 end 78% at 75
‘days end 156 and 85% at harvest, respactively. Though,
t.hnrg was &n inoresse in dry matter production at each
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successive level of phosphorus application but the
difference in the increment did not affect significantly.
4.2, Post-harvest atudies

4.2.7 Yield contributing characters
4.2,1.1.Bumber of siliquae or pods per plant

The planting patterms and phosphorus levels did

not affect significantly to the number of siliquae

per plant in mustard in either of the years, while it
had significantly influenced the number of pods per
plant in chickpea during both the crop seasons (Tfable 9),

The maximum number of siliquas per plant were
recorded in the planting pattern of mustard 4+ chickpea
(113) followed by mustard + chickpea (4:4) and sole
mustard in both the yeara, In the case of phosphorua,
30 kg P ha""_increased the number of siliquae. maximum
and minimum at control,

- The number of pods per plant were higher in sole
chickpsa and mustard + chickpea (434) than mustard +
chickpea (133) to the tune of 45 and 62% in 1985-86
and 65 and 59% in 1986«87, respactively, However,
application of phosphorus did not affect number of pods
per plant but increasing levels of phosphorus increased
the mﬁber of pods Iln both the years.

4.2.1 .2- AR S

Though, the varied lavel of P spplication
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Tapble 9, offect of treatments on siliqua and pods per

plant
Preatments Mustard Chickpea
3iligua Pod
1985-86 1986=87 1985=86 1986-87
vo Plapnting patterns
Sole mustard 365.,1 322,5 - -
30le chickpea - - 2341 21,0

Mustard + chickpea (434) 386,5 331.3 25.8 20,2

Mustard + chickpea (1:13) 402.4 357.0 15.9 12,6

S.Em %+ 20,10 2750 1+35 0a91
CDh 3% NS NS 3.96 2,69
B3 P!&agmms leve_}._g_
Kk -
(kg P ha” )
0 353.4 309,2 21,8 17.0
10 390,9 343.5 2241 176
20 396.8 3435.6 23,3 18,1
Sezm g 23,21 31,76 1,55 1,05

CD 5% NS NS NS N3
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signlificantly influenced the number of seeds per siliqua
in both the years but the magnitude of responge was more
pronounced at higher level of phosphorus application in
the crop seagon of 1986-87, Regarding planting pattern,
raximum seeds per alliqua were observed in mustard +
chickpea (1:3) in both the years, In chickpea, neither
the level of phosphorus nor planting pattern gave any

significant impact on the mmber of seeds per pod.

4e2e1e3s 1000~seed weight

The planting patterm and levels of phosphorus
application significantly influencaed the 1000-seed
welght of mustard, while test weight of chickpea was
not affected to the level of aignificance (Table 11),

In the crop season of 1986~87, 1000-3ead weight
was significantly higher in mustard + chickpea (113)
over sole mustard and mustard + chickpea (434), The
application of 10, 20 and 30 kg P ha"' significently
produced higher 1000-gseed weight over control in both

the years,

There was no significant effect of planting
patterns and phoaphorus levels on 1000-aseed weight of
chickpea in both the years, The minimum 1000-geed
weight was recorded in mustard + ochickpea (1:13) and
increasing levels of phosphorus increased the 1000-seed
‘wgight of chickpea in both tha years,



Table 10, sffect >f treatments on number of seeds per
8iliqua and pod

Mustard Chickpea

Treatments Siliqua Pod

1985-86 1986-87 1985-86 1986~-87

A. P atter
Sole mustard 13.2 11.7 - -
30le chickpea - - 2,0 1.6
Mustard + chickpea (4:4)  13.1 11.7 2.0 1.6
Mustard + chickpea (1:3) 13.5 124 2,0 1,6
JeEm 4 0¢34 0,35 0,01 0,02
CD 5% NS NS NS NS
B, Q als
(kg P ha=1)
0] 1243 10,8 260 16
10 135 12,2 2,0 1.6
20 13.5 12.4 2,0 1.6
30 13.7 12,4 2,0 146
S.im 3 0.39 0,40 0,01 0,03

CD 5% NS 1,200 NS NS
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Puble 11. Effect of treatments on 1000-geed weight (g)

Treatments ‘ Mustard Chickpea
1985-86 1986-87 1985-86 1986-87

Ae P tl atte
Sole mustard 5+93 5490 - -
Sola chickpea - - 134,29 123,39

Mustard + chickpea (4:4) 5,97 5.95 134,87 123,32

Mustard + chickpaea (1:3) 5,99 6.21 132,37 122,47

S.Em & 0,093 0,073  1.739 1.736
CD 5% NS 0,215 NS NS
B, val
g P ha™1)
0 5461 5461 129,50 118,94
10 ‘ 598 6,06 134,70 123.85
30 6.09 6,20 135,83 124,44
S5.Em & ‘ 0,108 0,084 2,009 24006

CD 3% 0.316 0,248 NS NS
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Le2.24 Yield

The yield of mustard and chickpea was greatly
influenced by planting patterns and phosphorus levels
in both the years (Table 12a) and interaction effect
was also found significant for mustard in 1985-86
(Table 12b). The seed yield of both crops differed
markedly in both the years, it was higher in 1985-86
than 1986-87,

The mustard yield was significantly higher in
the planting pattern of mustard + chickpea (1313) and
sole mustard over mustard + chickpea (4t4) in both the
years and the increase was to the tune of 30 and 17%
in 1985-86 and 26 and 20% in 1986-87, respectively. The
supremacy of the planting pattern, mustard + chickpea
(133) was not only méi.nta.tnecl over 4314 mustard and chick-
pea but also commendable over sole mustard in the
crop year of 19%-86. The application of phosphorus
proved beneficial in boosting the seed yield of mustard
in both the years but the inorease in the seed yleld
with increasing level of phosphorus application was
more pronounced in 1985-86.

The chickpea yleld was significantly higher in
sole chickpesa over mustard + chickpea (1:3) and mustard +
chickpea (414) in both the years., The increase was
recorded in the order of 148 and 258% in 1985-86 snd
126 and 188K in 198687, respectively, However, mustard +
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Table 12(a). Effact of treatments on seed yield (q ha'1)
Treatments Mustard Chickpea
1985=86 1986=87 1985-86 1986«87
Ae Pl: tterns
Sole mustard 22,85 19,73 - -
So0le chickpea - - 18,31 12,27
Mustard + chickpea (434) 19,54 16,48 5011 4,26
Mustard + chickpea (1:3) 25,35 20,75 7,37 5.42
S.Em & 0,300 0.737 0.216 0,430
CD 5% 0,881 2,161 0. 634 1.261
B. Phospho ave
ki P ha
o] 20,69 16,64 8,83 5.95
10 23,11 18,82 10,50 775
20 25,11 19,92 10,76  7.83
30 23,41 20,56 10,96 775
S.En %+ 00347 0&851 0.250 Ou‘i%

cD 5% 1,018 2.495 0,733 1.378
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chickpea {133) Was significantly superior over mustard +
chickpea (4:4) in 1985-86, As was the cass in mustard,
in crickpea also, the seed yleld increased markedly

over control wlth the incressing level of phosphorus
application. It was further, observed that the magnitude
of response was more pronounced at higher level of
phosphorus application, However, the difference in the
seed yleld due to varied level of phosphorus application

was at par in the two consecutive years,

Table 12(h)., Interactisn effect of treatments on mustard
seed yield (q ha=1) in 1985-86

Planting patterns @spho levels P ha™!
S8ole mustard ©19.64 21.85 24,07 25,84
Solz chickpea - - - -
Mustard + chickpee 18, 80 20,66 109,57 19.13
(434)
?¥st§rd + chickpea 23,63 26,8 25,69 25425
3
S.5m ‘ ‘ 00601
CD 5 10753

The interaction effect batween planting
pattern of 133 mustard + chickpea and levels of phos-
phorus application on the mustard yileld was significantly
superior in 1985-86 over mustard + chickpea (414)
plunting pattern a% each lavel of phosphorus (Table 12b),
Howzver, mustard 4+ chickpea (1:3) was significantly
batter over sole mustard at lower dose of phosphorus i,e,
10 kg P ha™"
 yie1d‘thén‘A:ﬁ system at:higher doser q! pho!phorﬁs 1.0,

while sole mustard significamntly produced more



YAl
20 and 30 kg P ha~'. The data further revealed that
the sole mustard yield was benefitted significantly by
phosphorus application and the increase was recorded to
the tune of 11, 22 and 31% with the application of 10,
20 and 30 kg P ha'1. respectively, over control, It was
further observed that either of the planting pattern
(133 or 434) was only responded asignificantly to
10 kg P ha”!| and thereafter yleld declined with increa-
3ing level of phosphorus application,

4243,  Quality

The significant effect of planting patcerns
was only observed on the oil content of mustard (Table 13),
The oil content differed markedly in both the years and
was higher in 1986~87, In 1986~87, sole mustard was
significantly superior over mustard + chickpea (1313)
and at par with mustard + chickpea (4:4). The various
lavels of phosphorus application could not give marked

effect on the oil content in eithexr of the years.

Though, the protein content of chickpea seed
wasd 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

successlve level of phosphorus application.

b3, Nutrient uptake
4+3.1.  Tgtal phosphorus wuptake
| | Tha‘inrluénoe of planting pattafna éndvphoaphorua



Tanle 13, Bffect of treatments on per cent oil content

Treatoents Mustard
1985=-86 1986=-87
A, Plantinag patterns
Sole mustcard 36,12 41,58
So0le chickpea - -
Mustard + chickpea (414) 35.65 41,22
Mustard + chickpea (1:3) 35,60 40,71
S.2m + 0,320 04227
CD 5% NS 0,667
3, Phosphorus levels
(kg P ga‘12
0 35497 41,50
10 35,78 41413
20 35.83 41,35
30 35456 40,71
CD 5% NS NS




Table 14, Effect of treatmwents on per cent protein

content
I'reatments Chickpea
1985-86 1986~87
A, Plantins patterns
Sole mustard - -
Sole chilckpea 22,96 2110
Mustard + chickpez (4:4) 23,21 22,10
Mustard + chickpea (1:3) 22,34 21.30
S.Em 4 0,665 0,415
CD 5% NS NS
B. £hosphorus levels
§55 P ha‘1)
0 21.55 20,70
10 22,86 21.25
20 23,40 21472
30 23.54 22,38
S,Em t 0.768 0,479
CD 5% NS NS
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levels on total phosphorus uptake was significant in
both the crops in the two consecutive years (Table 15a)
and interaction effect was also significant in mustard
in 1985-86 at harvest (Table 15b), There was marked
difference in both the years, it was higher in 1985-86
than 1986~87,

The total phosphorus uptake in mustard was
significantly higher in sole mustard and mustard +
chickpea (113) over mustard + chickpea (4314), It was
recorded in the order of 8 and 84% at 75 daya and 77
and 91% at harvest, respectively, in 1985-86, In
1986-87, similar trend was observad and increase was
to the tune of 94 and 93% at 75 days and 73 and 106%
at harvest, respectively, The application of 20 and
30 kg P ha"1, significantly incressed the total phosphorus

uptake over control at both the atages in 1983-86 and at
75 days in 1986-87fwh11e at harvest application of

10 kg P ha™' too had significant edge over control.
The inorease in the total phosphoruc uptake with the
application of 10, 20 end 30 kg P ha™'
was to the tune of 238, 44 and 49% at 75 days and 13, 32
and 37% at harvest, respectively, in 1985-86, In
1986-87, increase was to the order of 46, 68 and 73%
‘at 75 days and 40, 56 and 69% at harvest, at 10, 20 and
30 kg P haf1, respectively.

over control

The total phoaphorus uptake in chickpea was
" significantly higher in sole ohickpea and mustard +
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chickpea (1:3) over mustardi + chickpea (414) and
recorded to the order of 120 and 56% at 75 days and
142 and 51% at harvest, respectively, in 1985-86,

In 1986-87, similar trend was observed and increase
was to the tune of 120 and 78% at 75 days and 146
and 71% at harvest, respectively. The application of
12, 20 and 30 kg P ha~', significantly increased the
vowal phoaphorus uptake over control at 75 days in
1985-86 while application of 30 kg P haf'1 had signi-
ficant adge over control abt harvest in 1985-86 and at
both tﬁe stagass in 1986-87., The application of 10,
20 and 30 kg P ha™l
ovar control to the tune of 31, 35 and 454 at 75 days
and 27, 35 and 55% at harvest, respectively, in 1985-86,
In 1986-87, the increase was to the order of 11, 18

increased the total phosphorus uptake

and 48K at 75 days and 21, 25 and 61% at harvest,

respectivaly,

Table 13(b). Interaction effeci of treatmentq on
total phosphorus uptske (kg ha™') at
harvest in 1985-86

Planting patterns

Sole mustard 16.80 14,27 32,26 25.31

Sole chickpea - - - -
)&xsz?rd + chickpea 8,67 19,53 10,27 11,60
: |
)(l:ta;grd + chickpea 23,08 21,19  21.74 29,47
‘ .
B.Em 2. 18

S EIE | 7,679
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The toral phosphorus uptake in mustard at harvest
was significantly high:r in mustard + chickpea (1:3) than
mustard + chickpea (414) at 0, 20 and 30 kg P ha™
1985-86 (Table 15b), However, total phosphorus uptake in

in

s0le mustard and mustard + chickpea (1:13) was on pw at
different levels of phosphorus except at 20 kg P na”’
where sole mustard had significant odge over mustard +

chickpea (113).

4e3.2, Fertilizer phosphorus uptake

The influence of planting patterns and phosphorus
levels on fertilizer phosphorus uptake was sigqnificant in
both the crops in both the years (Table 16a) and
interaction effect was also significant in mustard crop
at both the stages in 1985+~86 and at 75 days in 1986-87,
the data is presented in Table 16(b), 16(c) and 16(d).,

The fertilizer phosphorus uptake in mustard was
to the order of 83 and 76% at 75 days and 95 amd 9%
at harvest in sole mustard and mustard + chickpea (1:13)
aver mustard + chickpea (414), respectively,in 1985-86
(Table 16a). In 1986«87, similar trend was observed and
increase was to the tune of 89 and 120% at 75 days and
75 and 121% at harvest, respectively., The application of
20 and 30 kg P ha~', significantly increased the fertilizer

1 at both the stages in
1

‘phosphorus upteke over 10 kg P ha
both the years, However, application of 30 kg P ha
was also significamtly superior over 20 kg P ha~! at both
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the stvages in both the years, The increase in the ferti-
11 zer phosphorus uptake with the application of 20 and 30
kg P ha~! over 10 kg P ha”! was to the tune of 48 and 115%
at 75 days and 671 and 102% at harvest, respectively, in
1985-86, In 1986-87, similar trend was observed and

inc ease was to the order of 60 and 125% at 75 days and

58 and 119% at harvest, respectively,

The fertilizer phosphorus uptake in chickpea was
significantly higher in sole chickpea over mustard +
chickpea (414) and mustard + chickpea (133) and was recorded
to the order of 117 and 61% at 75 days and 150 and 87% at
harvest, respectively, in 1985«85 (Table 16a). In 1986~87,
similar trend was 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 signifi-
cantly higher in mustard + chickpea (113) over mustard +
chickpea (434) at harvest in both the years., The application
of 30 kg P ha” ', significantly increased the fertilizer
phosphorus uptake over 10 kg P ha™! at harvest in 1985=-86
and at both the stages in 1986-87., The epplication of 20 and
30 kg P ha™' increased the fertillizer phosphorus uptake
over 10 kg P ha”' to the tune of 52 snd 143% at 75 days and
19 and 71% at harvest, respectively, in 1985=86. In 1986=-87,
the similar trend was observed and increase was to the tune
of 45 and 136% at 75 days and 19 and 71% at harvest,

respectively,

The fertilizer phosphorus uptake in mustard st 75
days in 1985-86 was significantly higher in mustard +
chickpea (113) over mustard + chickpea (434) at 10 kg P ha™'



while application of 20 kg P ha’1, sole mustard was
significantly superior over mustard + chickpea (414)

and mustard + chickpea (1i13) (Table 16b)., However, sole
mustard and mustard + chickpea (1:13) were significantly
superior over mustard + chickpea (434)., The fertilizer
phosphorus uptake increased with the increasing levels
of phosphorus in all planting patterns. The application
of 20 and 30 kg F ha"

10 kg P ha~ "

P ha"! had significant edge over 10 kg P ha~! in mustard +

chickpea (434) and mustard + chickpea (133).

was significantly superior over
in sole mustard, while application of 30 kg

The fertilizer phosphorus uptake in mustard at
harvest in 1985-86 was significantly higher in sole
mustard and mustard + chickpea (113) over mustard +
chickpea (434) at 20 and 30 kg P ha~! (Table 16c). However,
planting patterns were at par with the application of
10 kg P ha~', The application of 20 and 30 kg P ha"' was
significantly superior over 10 kg P ha'1 in sole mustard.
However, there was no significant effect of phosphorus
levels in mustard + chickpea (434), Thc‘increaaing levels
of phosphorus, increased the fertilizer phosphorus uptake
in mustard + chickpea (1:3) and application of 30 kg P haf1
had significant adge over 10 and 20 kg P ha™' with the

5 ame planting patterne.

The fertili:zer phosphorus uptake in mustard at
75 days in 1986-87 was significantly higher in sole
mustard and nustard + chickpea (1313) over mustard + chickpea
(4314) at 20 and 30 kg P ha™' (Table 164). However, |



Table 16(b), Interaction effect of tre
phosphorus uptake (kg ha=

81

tments on fertilizer
) at 75 daya in

1985~86
Planting patterns P ha”!
4)
S0le mustard 1.41 3.48 4 14
sole chickpea - - -
Mustard + chickpea (414) 1.25 1el1 2,26
Mustard + chickpea (133) 2,22 2,32 4,12
S .Em 0,306
CDh 3 0,917

Table 16(c), Interaction effect of tre
phosphorus uptake (kg ha~

tments on fertilizer
) at harvest in

1985=-86

Planting patterns P na~l
Sole mustard 1.66 5428 5,19
S0le chickpea - - -
Muatard + chickpea (414) 2e33 1465 2,26
Mustard + chickpea (1:3) 2,60 3,70 5. 87

S.Em A O L866

CD 5 1:397

Table 16(d). Interaction effect or tre
phoasphorus uptake (kg ha“

tments on fertilizer
) in 1966-87 at 7% days

Planting patterns

Sole mustard
30le chickpea

" Mustard + chickpea (414)
~ Mustard + chickpea (113)

S .Em
D 5

2437 3,24

0,98 1433

2.72 ) 3,9“
0,342

1,026
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planting patterns were at par at lower dose of phosphorus
f.e. 10 kg P ha~', The application of phosphorus
significantly increased the fertilizer phoaphorus uptake
in sole mustard and mustard + chickpea (133), The appli-
cation of 20 kg P na~1
kg P ha”! while 30 kg P ha”

was significantly superior over 10
1

4e3.3. er ce z Q b 4 @ 0

The influence of planting patterns and phosphorus
levels on per cent phosphorus utilization of applied
phosphorus was significant in both ﬁhe crops in both the
years (Table 17a). The interaction effect was also
sigm ficant in mustard at harvest in 1985=-86 (Table 17b),
There was marked difference in both the years, it was
higher in 1985=-86 than 1986-87,

The utilization of applied phosphorus by mustard
was significantly higher in sole mustard and mustard +
chickpea (13i3) over mustard + chickpea (414) to the tune
of 535 and 81% at 75 days and 53 and 61% &t harvest,

was superior over 20 kg P ha”

1

*

respectively, in 1985-86 (Table 17a). In 1986-87, similar
trend was obasrved and increase was to the order of 36 and

76% at 75 days and 35 and 86§ at harvest, respectively.

However, sole mustard and mustard + chickpea (1:13) were

at par but higher values were always obtained in mustard +

chickpea (133), The increasing levels of phosphorus
‘decreased the utilization of applied phosphorus, however,
significant effect was ‘observed at harvest in both the
years, The application of 20 and 30 kg P na"1. dqc:.-e‘u;s‘ed



9% *0
Z8L*0
02"
iz
iz

9y6°0
5] 4]
2
06°0
62°2

122°0
gL
09°1L
Ltz

£99°0
L22*%
99°1L
oA 8
192

6£6°L
£L5°0
9L
9B
0G%e

651
€L6°0
A
0s°1
ns°g

N
eLyto
ii°e
L2
4 A

6£2°1

€i%°0
gz°z
89°t
96°¢

6c6°¢
el

9L el
i2yL
Lol

626°¢
et

9L°6L
Lz°oL

s6%6L

N
662°1

76
€10t
89°2L

9€8 ¢
662°1L

oL el
FA/ M

L9°Lt

oLy SN
gle*t  68¢°|
08 zn°2L

9Ly 8Ll
£6°12 66761

ey €9L°Y

BLE*L  68¢CYL
70°12 WLl
90°¢t  LL°6
702 LL°GL

¢ 0o
wg* g

o¢

(614
oL

S1oAeT sruoydeoyy °g

£

(€31) eedXoTuo + preqsny

(#t4) eadyoTuo + preqsn

eadyotyo a10¢
T paegenm a70C

SUI5798d FUTIue1d %

is3AJ8H ovd ¢l

I9AIRH Sy(d ¢l

I53AJIBH SV(d €L

18oAIBH SYO ¢/,

48-9861

98=5861

BadyoTU)

4i8-9861

98-4861

PJe] Ny

BIUIWED.T ],

stzoudsoyd payrdde Jo uoyqezTITIN Jues Jad Uc squemiealy JO 10917 *(®)Lt mﬁnmw‘



B4

the utilization of applied phosphorus. at harvest over
1 to the tune of 24 and 48K in 1985-86, 26
and 37% in 198687, respectively,

10 kg P ha"

The utilization of applied phosphorus by chickpea
was significantly higher in sole chickpea over mustard +
chickpea (414) and mustard + chickpea (113) to the order
of 136 and 75% at 75 days and 136 and 98% at harvest,
respectively, in 1985=86, In 1986-87, similar trend was
o bserved and increase was to the tune of 116 and 57% at
75 days and 154 and 62% at harvest, respectively. However,
mustard + chickpea (414) and mustard + chickpea (1'3),
were at par but higher values were obtained in mustard +
chickpea (133)., The utilization of applied phosphorus
was decreased with the increasing level of phosphorus
application and the effect was to the level of signifi-
cance in both the years at harvest stage, The application
of 20 and 30 kg P ha“1. decreased the utili zation of
applied phosphorus over 10 kg P h&~! to the tune of 88

and 140% in 1985=-86, 67 and T7% in 1986-87, respectively,

The utilization of applied phosphorus by mustard
at harvest in 1985-86 was significantly higher in mustard
+ chickpea (1313) over sole mustard at 10 kg P ha"1. while
sole mustard and mustard + chickpea (113) were signifi-~
‘cantly superior to mustard + chickpea (434) at 20 and
30 kg P ha”' (Table 17b). The utilization of applied
phoaphorus in sole mustard pignificantly increased it



20 kg ha™' over 10 kg P ha™)

and declined significantly
from 20 kg to 30 kg P ha”!, With the spplication of 20
and 30 kg P ha™

was significantly lower than 10 kg P na™! in mustard +

» the utilization of agpplied phosphorus

chickpea (4t4) and mustard + chickpea (113),

Table 17(b). Interaction effect of treatments on per cent
utilizacion of aglied phosphorus at
harvest in 1985~

Planting patterns spho evels P ha=1
Sole mustard 16,40 26,41 17,30
Sole chickpea - - -
Mustard + chickpea (414) 23.36 8,28 754
Mustard + chickpea (133) 26,03 18,54 18,36
3.Em 24387
cD 5 | 7137
‘0‘40 * le L

holoy1, 'Al'-value

The influence ¢f planting patterns on 'A'-value
was not significant, however, phosphorus levels signi-
ficantly influenced the *A’~value at both the stages in
both the crops in both the years (Table 18), There was
marked difference in both the years, 1t was higher in
1986-87 than 1985-86.

Tha 'At-value in mustard was minimum in mustard «+

chxckpea (113) st all the stages in both the years whua ‘
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maximum values were obtained in sole mustard (117,3) at
75 days in 1985-86 and in mustard + chickpea (414) at

harvest in 1985-86 and at both the stages in 1986-87.

1

The application of 30 kg P ha" ' was significantly superior

over 10 kg P ha”! at both the stages in 1985-86 while

application of 20 and 30 kg P ha™

1

was siznificantly
superior over 10 Xg P ha ' at both the stages in 1986-87,
The higher levels of phosphorus i.e. 20 and 30 kg P ha™)
increassed the 'A'-value over 10 kg P ha~! to the order of
35 and 53% at 75 days and 46 and 70% at harvest,

- respectively, in 1985=86, ¥hile in 1986-87 the increase
was to the order of 38 and 50% at 75 days and 40 and 59% at

harv2st, respectively,.

The sole chickpea gave the minimm 'A’~value
at 75 days in both thae years, while at harvest it waa in
mustard + chickpea (4t4) in both the years, Hoﬁever..
maximum *A’-value was obtained in mustard + chickpea
(123) at botn tha stages in both the years (221.9, 448.2,
245,7 and 514.6, respectively). The higher dose of

1

phosphorus i.e, 30 kg P ha ' was significantly superior

1 at both the stages in
1

over lowar dose l.e, 10 kg P ha”
both the years. However, application of 20 kg P ha”
had significantly higher 'A'~value over 10 kg P ha~! at
harvest in 1985~8 and at 75 days in 1986-87. The

application of 20 and 30 kg P ha'1

1

increased the 'A'-value
to the tune of 51 and 75% at 75 days
and 72 and 1188 at harvest, respectively and increase

over 10 kg P ha”



was to the order of 60 and 69% at 75 days and 19 and 120%
at harvest in 1986-87, respectively.

Luha2, Ayajlabla nitroze

There was significant effect of planting patterns
and phosphorus levels on avalilable nitrogen, except at
75 days after sowing in 1986-87 (Table 15a), The interac-
tion effact of treatments was also significant in 1985-86
at both the stages (Table 19b, 19¢). There was marked
difference in available nitrogen in both the years, it was
higher in 1986=-87 than 1985=86,

The avallable nltrogen was significemtly higher
in sole chickpea and mustard + chickpea (133) than sole
mustari and mustard + chickpea (434) at both the stages in
1985-86 while, sole chickpea had significant edge over
other treatments at harvest 1n.1986-8?. Howaver, sole
mustard and mustard + chickpea (414) were at par at both
the stages in both the years, In general, there was
decline in available nitrbgen‘withltha increase in the
levels of phosphorus., Application of 10, 20 and 30 kg
1 significantly reduced the amount of available
nitrogen over control at 75 days after sowing in 1985-86,

P ha"

While at harvest in both the years, application of 20
and 30 kg P ha”' significantly decressed the smount of

avallable nitrogen over control,

The available nitrogen was significantly higher
in sole chickpea over splé mustard, mustard + chickpea
(434) and mustard + dhidkpaa‘(1t3) at ocontrol at 79 |
~ days after sowing in 1985-86 (Table 19b). The sole



Taole 19(a), .ffect of treatments on available nitrogen in

s0il (kg ha=1)

Treatments

1985-86

1986-87

75 DAS Harvast

75 DA3 Harvest

i. B1 a 8
Sole mustard
30le chickpea
Mustard + chickpea (4i14)

Mustard + chickpea (1:3)

ScEm:.
CD 5%

B, 3 @ g
P a“'1

10
20

30

BQE' &
CD 5%

125,10 87,61

136,38 99,38
125,73 88.73

130,67 95.17

0,699
2,020

14357
34980

133,10 95,534

130,87 95.23
127,83 £89.89

126,08 90,23

0,699 1.357
2'020 3' 9&)

160,37 125.33

181,97 132,92
170,48 126,83

175.56 128,31

6.743 0,639
NS 14903

175.23 129,30

176,35 129,08
174,91 127,13

161,87 127,42

NS 1,903
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Table 19(b) . Interaction effect of treatments o

available nitrogen in soil (kg ha;?) at

75 days in 1985-86

Phosphorus levels (kg P ha=1)

Planting patterns — e
. 0 10 20 30
Sole mustard 123.73 126,40 124,83 125,46
Sole chickpea 159,16 131,32 128,59 126,40
Mustard + chickpea (4i14) 124,20 127.02 126,24 125,46
Mustard + chickpea (113) 12530 138,71 131,66 127,02
S.Em i 10399
- CD 5% 4,041

Table 19(c)., Interaction effect of t

nitroggn in soil (kg ha=1) at harvest in

atments on available

1985~

Planting patterns Phosphorus levels (kg P ha71)
[) 10 20 30
Sole mustard 92,07 87.34 B5,05 86,02
Sole chickpea | 107,03 102,40 100,07 88,08
Mustard + chickpea (4t4) 88.73 83,40 87.06 95,73
Mustard + chickpea (1:3) 94,35 107,83 87.40 91,09

S.Ea * 21713

7+ 960

CD 7%
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chickpea and mustard + chickpea (133) had significantly
higher amount of available nitrogen over sole muatard
and mustard + chickpea (434) at 10 kg P ha"1 while with
the application of 20 kg P haf1. mustard + chickﬁea (133)
proved significantly superior over sole mustard and
mustard + chickpea (414), The higher dose of 30 kg P ha”

could not bring significant difference between planting

1

patterna, There was no significant effect of increasing
levels of phoaphorus on available nitrogen in sole
mustard and mustard + chickpea (414), The increasing
levels of phosphorus significantly reduced the amount

of avallable nitrogen in sole chickpea while in mustard 4
chickpea (113), 1t increased significantly upto 10 kg

1 1

P ha  then declined significantly upto 30 kg P ha ',

The available nitrogen was significantly higher
in sole chickpea over sole mustard, mustard + chickpea
(434) and mustard + chickpea (133) at control and 20 kg
P ha~' at harvest in 1985-86 (Table 19c), The sole
chickpea and mustard + chickpea (133) had significantly
higher smount of avallable nitrogen over sole mustard
and mustard + chickpea (414) at 10 kg P ha™), The higher
dose of 30 kg P ha" ! could mot produce significant
difference between planting patterns, Though increasing
levels of phosphorus decreased the avallable niﬁrOgen in
sole muatard but effect was not significant, The inc-
reasing levéla of phosphorus decreased the available nitro-
gen in sole chickpeaj O, 10, 20 kg P ha”' had significamtly
higher amount of soil Awailablc nitrogen ovér 30 kg P huf1. :

 The available niﬁrogen in mustard + ohickpea (434)
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decreased upto 10 kg P ha"1, thereafter, increased upto

30 kg P ha‘1. There was significant difference between

30 and 10 kg P ha"". The avallable nitrogen significantly

1

increased upto 10 kg P ha ' thereafter, decreased

significantly in mustard + chickpea (113).

L.4e3.  Available phosphorus in soil

Thare was significant effect of planting patterns
cn available phosphorus at harvest in 1986-87 while of
phosphorus levela at 75 days after sowing in 1985-86 and
at harvest in 1986-87 (Table 20a)., The interaction effect
of treatments was also significant at harvest in 1986-87
(Table 20b).

Though, there was no significant effect of
planting patterns on available phosphorus at both the
stages in 1985=86 and at 75 days after sowing in 1986=87
but maximum amount of avallable phosphorus was found in
case of s0le chickpea followed by mustard + chickpea
(1313), muastard + chickpea (434) and sole mustard, At
harvest in 1986-87, sole chickpea had significantly
higher amount of avallable phosphorus than rest of the
planting patterns. The increasing levels of phosphorus
increased the available phosphorus at both the stages in
both the years but application of 30 kg P ha™' had
algnificantly higher amount of avallable phosphorus
| than control at 75 days after sowing in 198386, At
harvest in 1986-87, application of 10, 20 and 30 kg P ha”
had significantly higher available phosphorus than control,
~ Howaver, spplication of 30 kg P ha"' had significsnt
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Table 20(a)., Effect of treat%:ents on available phosphorus
in soil (kg ha=1)

Treatments 198586 1986=-87

75 DA3 Harvest 75 DAS Harvest

A. Planting patterns
Sole mustard 13,49 13,64 11,46 11,62
So0le chickpea 17.66 17,72 12;57 13,06
Mustard + chickpea (4314) 14,746 13,93 11.68 11,75
Mustard + chickpea (113) 14,90 16,15 11.69 12,00
SeEm 4 1.431 1,372 1.388 0,313
CD 5% NS N3 NS 0,915

Be Phosphorus levels

(kg P ha=1)
0 | 11,66 13.75 10,83 9,74

10 15,25 13,62 11e34 11,47

20 15.63 16,91 12,17 12,07

30 18,24 17,17 13,06 15,16
S.Em 4 1,431 1,372 1,358 0,313

CD 5% 4,199 NS NS 0,919




edge over 10 and 20 kg P ha~t,

There was no significant difference in the
amount of avallable phosphorus smong planting patterns
at control at harveat in 1986-87 (Table 20b), while
sole mustard had significent edge over mustard ¢+ chickpea
(133) with the application of 10 kg P ha”', With the
application of 20 kg P ha~’

chickpea had significantly higher amount of avallable

» 80le mustard and sole

phosphorus than mustard + chickpea (1:3) while sole
chickpea and mustard + chickpea (133) were significantly
superiocr over sole mustard and mustard + chickpea (434)

with the application of 30 kg P ha™'., Phcre was signi-
1

1
1

ficant increase in avallable phosphorus upto 10 kg P ha"
in sole mustard while, application of 20 and 30 kg P ha
were significantly superior over control and 10 kg P ha
in sole chickpea, The application of 30 kg P na”? was
significantly superior over 0, 10 and 20 kg P ha™’ in
mustard + chickpea (434) and mustard + chickpea (113),
However, there was no significant difference in 0, 10
and 20 kg P ha”! in both mustard + chickpea (414) and
mustard + chickpea (1313),

Table 20(b), Interaction effect of treatments on

available phosphorus in soil (kg ha~1)
at harvest in 1986-87

Planting patterns Mm&&q

Sole mustard 9,11 12. 77 12,78 11,84
8o0le chickpea 9.22 11,10 13,00 18.21
Mustard + chiokpoa{lnkg 10,63 11.29 11,66 15,44
Mustard + chickpea(1:3) 10,00 10,73 10,85 16444

3 | ‘ | 0,627
cb 3" ? 15810
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Lobb, vallable ags

The avallable potassium was not significantly
influenced by planting patterns and phosphorus levels at
both the stages in both the yasars (Table 21),

The maximum amount of avallable potassium was
found in sole chickpea at both the stages in both the years
and the minimum amount in case of mustard + chickpea (113)
at both the stages in 1985-86 and sole mustard at dboth the
stages in 1986-87, There was decrease in the available |
potassium with the increase in the levels of rhosphorus,
The maximum amount was observed at control and minimum
with 30 kg P ha™ .
bae3s Response end economics

The reaponse of mustard and chickpsa crops to
phosphorus fertilization was guadratic, The response in
kg ir.g“1 P was higher in 1986-87 than 198586 in both the |
crops (Appendix II). With the application of 1 kg P ha‘".
there was increase in mustard seed yleld to the order
of 14,28 end 14,93 kg in 1985+-86 and 1985-87, respectively,
Similarly the use of 1 kg P ha=? gave additional chiockpea
sead yleld of 11,77 and 12,98 kg in 1385-£6 and 1986-87,
respectively, The returms per rupee investment in
phosphorus was higher in 1985-86 (Rs 4.52) than 1986-87
(Rs 4439) in case of mustard. In contrast, the retums
~were higher in 158687 (Ru‘z.ha) than 1985-86 (Rs 2,32)
in case of vchickpea. | '



fable 21, ffect of treatments on available potassium in

soil (kg ha-1)

Treatments 1985-86

1986=87

75 DAS Harvest

75 DAS Harvaest

\. Planting patterns
Sole mustard 90,30 94,50

S>le chickpea 103,43 116,15
Mustard + chickpea (4:4) 91,65 109,03

Mustard + chickpen (133) 85,87 86,40

S.Em 4 6,969 9.767
CD 5% NS NS
B. Phosph avels
(kg P ha™h)

0 ‘ 98,23 105,83

10 92,00 105,67

20 21,19 102,10

30 89,83 92,48
S.Em & 6.969 9.767

CDh 5% NS NS

119,90
127,87
127,40

120.87

9,372
HS

137.67
121,80
120,37

116,20

94372
NS

106,52
130,02
111.77

108,10

8,167
NS

117,87
115,95
112,36

110,24

8,167
NS
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4.6, Studies on planting patterns

4.6.1. cht terceptls

There was marked difference in light interception
in two years, it was higher in 1985-86 than 1986-87
(Table 22), The maximum light interception by mustard
was observed in mustard + chickpea (1:3) at 75 days and
105 days stage in both the years sand values were 45,33,
53,33, 40421 and 48,57%, respectively, while light inter-
ception was more or lesa same in sole mustard and mustard
+ chickpeza (414), There was clear effect of phosphorus
applicatlon on light interception and maximum values were

1

obsarved with the application of 30 kg P ha  and minimum

with control,.

The light intercepted by chickpea was maximum
in mustard + chickpea (113) at early stage 1.e. 75 days
in both the years, while at later atage i.e. 105 days
sole chickpea had precedence over others in both the
years. With the increasing levels of phosphorus there

was increase in the light interception.

405.20

The light available at the ﬁop of chickpea

plants was 100% in case of sole mustard and mustard +
chickpea (414) while it was less in mustard + chickpea (133)
due tv shading of mustard, The data is presented in

Table 23, The avallable light for chickpea varind‘trom‘
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94, 75% to 77.30%. It reduced with the advancement of
crop growth and with the increasing levels of phosphorus

in both the years,

Table 23, Effect of phosphorus on per cent light avallable
to chickpea in mustard + chickpea (1:3) planting

pattemn

iggzggoms 1985 =86 198687

(kg P ha™') 75 DAS 105 DAS 75 DAS 105 DAS
o 94, T5 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 77430

4.6o3. tal ar ion

There was significant effect of planting patterns
on total dry matter production in both the stages in both
the years, but phosphorus levels could influence signifi-
cantly only at 75 days in 1985-86 and at harvest in
1986-87 (Table 24). Total dry matter production differed
markedly in both the years, it was higher in 1985-86 than‘
- 1986-87,

The total dry matter production was significantly
higher in mustard + chickpea (133) than sole mustérd.
80le chickpea and mustard + chickpea (414), the increase
was to the tune of 30, 306 and 81% at 75 days and 34,
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Table 24, sffect of treatments on total dry matter
productisn (q ha=1)

Lraatments 1985-86 1986=87

75 DAS Harvest 75 DAS Harvest

\. Plantin patterns

3ole chickpea | 15.69 38,56 12,99 28,21
Mustard + chickpea (4:4) 354,35 51,56 25,98 44,92

dustard + chickpea (1:3) 63,82 109,39 53,97 95.67

Seim 4 1,186  1.881 1,987  1.429
CD 5% 3.426 5,031 5,738 4,126

(kg P ha"’"l
0 38421 68,13 30457  56.60
10 39.7T1 67,20 3372 59,56
20 41,51 T2.,57 34,84 61,59
30 4h,56 73,08 35440 61,92
3.8m 4 1,186 1,881 1,987 1,429

CD 5% 3.426 NS N3 4,126
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184 and 121% at harvest, respectively, in 1985~86, The
sole mustard was significantly superior over mustard +
chickpea (414) and sole chickpea at both the stages in
1985-86, However, mustard + chickpea (434) also had
significant edge over sole chickpea at both the stages,
Similarly, in 1986=87, total dry matter production was
significantly higher in mustard + chickpea (1:3) than
sole mustard, sole chickpaa and mustard + chickpea (414)
to the order of 3V, 315 and 1084 at 75 days and 35, 239
and 113% at harvest, respectively. The sole mustard was
significantly superior over mustard + chickpea (414)

and svle chickpea at both the stages, while mustard «+
chickpea (434) had significant edge over sole chickpea
at both the stages, |

The application of 30 kg P ha™?

significantly higher total dry matter production at

75 days in 1985-86 over control and 10 kg P ha™', The

» produced

increase recorded was to the tune of 17 and 12%, respec-~
tively. Though, there was no significant effect of
application of phosphorus on total dry matter production
at harvest in 1985-8 and at 75 days in 1986~87 but
increasing levels of phosphorus increased the values,

In 19686-87, application of 20 and 30 kg P ha"1. produced
significantly higher total dry matter production over

control at harvesat.
406040 ar ‘ (=4

rhére was signiricant'inrluence of planﬁing
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patterns and phosphorus levels on mustarl equivalent
yield in both the years (Table 25a), Though, there was
marked difference in both the years and it was higher

in 1985-86 than 1586-87,

The mustard equivalent yield was significantly
higher in mustard + chickpea (113) over sole mustard,
sole chickpea and mustard + chickpea (4314) to the tune
of 32, 153 and 32% in 1985-86 and 23, 204 and 26% in
1986~87, respectively. However, sole mustard and
mustard + chickpea (414) were at par but significantly

superior over sole chickpea,

The mustard equivalent yield significantly
incrsased upto 10 kg P ha~' thereafter, there was no
significant difference. The applicacion of 10, 20 and

1 increased the mustard equivélent yield over

30 kg P ha”
caontrol to the tune of 13, 14 and 15% in 1985-86 and

16, 22 and 25% in 1986-87, respectively,

The interaction effect of treatments on mustard
equivalent yleld was alao significent in 1985-86 (Table
25b), The mustard equivalent yleld of mustard + chickpea
(135) was significantly higher than sole mustard, sole
chickpea and mustard + chickpea (434) at the each level
of phosphorus application, However, sole mustard and
mustard + chickpea (414) were also significantly superior

over sdle chickpea at all the levels 6£‘phosphoms. The
mustard + chickpea (434) was significantly superior over
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lable 25(a). #ffect of treatments on mustard equivalent
yield (g ha=1) ‘

Ireatments 1985-86 1986-87‘
A. P T atge
Sole mustard 224,85 19.73
s21le chickpea 11,90 7.98
Mustard + chickpea (4:i4) 22,85 19.25
Mustard + chickpea (1313) 30,14 24,27
CD 5% 0.812 1.903

B. Phgsphorus levels

(kg P ha~1)
0 19.82 15.38
10 22,45 17,90
20 22,58 18,76
30 | 22,90 19,20
Se.um + 0.281 0,659

ch 5% 0,812 14903
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sole mustard at control and 10 kg P ha~' and a reverse

trend was observed at 30 kg P haf1. The mustard

equivalent yield significantly increased upto 30 kg P ha'1
in sole mustard, while there was significant increase
upto 10 kg P ha™? in sole chickpea and mustard + chickpea
(1:3). There was also significant increase upto 10 kg

-1

P ha  in mustard + chickpea (414) thereafter, it

decraased.

Table 25(b). Interaction atract of tqﬁatments on mustard

equivalent yield (q ha=') in 198586
Planting patterns h level -1
Sole mustard 19.64 21,85 24.07 25,84
3013 UhiCkpea 10.2“ 12.141 12.66 12.29

Mustard + chickpea {434) 21,75 23,93 22,87 22,89
Mustard + chickpea (1313) 27,65 31,69 30.71 30,57

S.Em 0.562
CD 5 ' 1.625

4,645, a valant

The land equivalent ratio was estimated for
intercropping systema and the data is presented in
Table 26.

In both the years, LER values were higher in
mustard + chickpaa (113) than mustard + chickpea (414)
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and was racorded to the tune of 33% in 1985~-86 and
25% in 1986-87, With the increasing levels of
phosphorus LER decreased. The maximum values were
obtained at control i.e, 1,42 in 1985-86 and 1.44
in 1986-87 and minimum values at 30 kg P ha™
1423 in 1983-86 and 1,28 In 1986=57.

1.2,

Table 26, Effect of incercropping sysatems and ghoaphoms
levels on land equivalent ratio (LER

Traatments 198566 198687
A. La systems
Mustard + chickpea (414) 1 1 1.21
Mustard + chickpea (113) 1452 151
B. 2hesphorys levels
{kz P ha"1z
0 142 1ol
10 N Y 1,40
20 1.27 1633
30 1s23 T 1428

446,6. Combined total phosphorus yptake

The combined total phosphorus uptake was
slgnificantly influenced by planting patterns and
phosphorus levels at both the stages in both the years
(Table 27a). There was marked difference between
both the years, it was higher in 198586 than 1986-87,
~ The interaction effect 0f troatments on combined total
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Taole 27(a). Effect of treatments on

c%mblned total
phosphorus uptake (kg ha=1)

1985=~86
75 DAS Harvest

1086-87
75 DAS Harvest

Treatments

A. Ilancing patterns

Sole mustard 18,86 22,16 15,71 19,01
30le cnickpea 6.1 11.85 4,88 9,39
Mustard + chickpea (414) 13,37 17.41 10,34 14,80
Mustard + cnlckpen (113} 23.26 31,25 18.83 29,18
S.En % 0,910 1.171 1o 142 1,008
CD 5% 2,629 3,380 3.297 2.9M
B. Phosphorus levels
(kg P ha” )
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 15,08 22,02
Sedm 4 0,910 1,171 1,142 1,008
CD 5% 2.629 3,380 3,297 2,911
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phosphorus uptake was also significant at harvest in
poth the years (Table 27b, 27c¢).

The combined total phosphorus uptake was
significantly higher in muscard + chickpea (133) than
80la mustard, sole chickpea and mustard + chicxpea
(434) to the tune of 23, 279 and 74% at 75 days and 41,
164 and 79% at harvast in 1985-86, respectively. The
sole mustard and mustard + chickpea (4:4) were
signiflcantly superiocr over sole chickpea at botf.h the
stazss in 1985-86, Similarly, in 1986-87, combined
total choaphorus uptake was aignific antly higher in
mustard + chickpea (112} than sole mustard, sole
chickraa and mustard + chickpza (434) to the order of
20, 286 and 82% at 75 days and 53, 211 and 97% at
harvest, respecitively. The sole mustard and mustard
+ chickpea (414) had significant edge over sole
chickpea at both the atages,

The application of 10, 20 and 30 kg P ha'1

significantly incraeased the combined total phosphorus
uptake over control at 75 days in 1985=-86 and at both
the stages in 1966-87 (Table 27a), However, the
application of 20 and 30 kg P ha~' significantly
increased the uptake over control at harvest in 198386,
The maximum uptake values were opbtained at 30 kg P ha"1

at both the stages in both the years,

The combined total phoaphorus uptake was
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Tanle 27h. Interaction effect of treatments on combined
totalaghospnorus uptake (kg ha=1) at harvest

1985~
Planting patterns Phosphorus lavels (kg P ha=1)
0 10 20 30

Sol= mustard ‘ 16,81 14,28 32,26 25,31
Sole chickpea 10,58 12,19 11,61 13,01
sustard + chickpea (414) 12.04 24,31 16.25 17.07
Mustard + chickpea (1:3) 27.81 27,99 29,34 39,88

S5.Em .4 2’3“1

CD 5% 6,761

Table 27¢. Interaction effect of treatmenta on combined
tot?l g;phorua uptake (kg ha*') at harvest
in 1986=

-
Planting patterns Phosphorus levels (kg P ha™')

o _ 10 20 30
Sole mustard 13,02 18,30 21;57 23.13
Sole chickpea 7456 9 6b 9.07 11.29
Mustard + chickpea (414) 9.99 18,83 14.36 16,00
~Mustard 4 chickpea (113) 22,27 24,13 32,67 37,66
Skm & | 2,016

CD 5% ‘ 5,822
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sigznificantly higher in mustard + chickpea (113)
over rest of the planting patterns at control and 30
kg P ha.'"1 application, while it had significant edge
over sole mustard and sole chickpea at 10 kg P ha™
and sole bhickpea » mustard + chickpea (b3s) at

20 kg P ha’1 at harvest in 198586 (Table 27b). The
sole mustard had significantly higher uptake with the
application of 20 and 30 kg P ha"1 ovar contrel and

10 kg P ha”), There was no slgnificent effect of
increasing levels of phosphorus in sole chickpea, The
rhosphorus uptake increased significantly upto 10 kg
P ha'1 thersafter, declined significantly in muétard +
chickpea (434). The application of 30 kg P haf1
significantly increased the uptake over 0, 10 and 20

kg P a2~ in mustard + chickpea (113).

The combined total phosphorus uptake was
significantly higher in mustard + chickpea (1:2) over
rast of the planting patterns at control, 20 and 30
kg P ha™"
at 10 kg P ha” ' at harvest in 1986-87 (Table 27c).
Sole chickpea had =ignificantly minimum phosphorus

s While over sole mustard and sole chickpea

uptake at all the lavels of phosphorus. The sole
mustard -and mustard + chickpea (113) had significantly
higher uptake at 20 and 30 kg P ha~' over control
while zole chickpea could not have significant effect
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Table 28, Monthly soil moisture depletion pattern (mm)

day

Month Mean
deple-
I II I1I Iv v Total tion/day
1985-86
Soil 24,2 4.7 10,4 26,3 42,2 105,8
moigtura
depletion
Effective J 24,8 22.4 39,6 15,2 102,0
rainfall
(mm)
Consump~- 24,2 29,5 32,8 63,9 57.4 207.8 1,38
tive use
(mm)
day ;
1286-82
Soil 28,3 23,5 24,4 16.3 15.8 108,3
molisture
depletion
Effactive 0 Felt 24,0 7.0 18.8 85,2
rainfall
(mm ) |
Consump~- 28,3 28,9 L84 2343 34,6 15305 1,09
tive use
(mm)
Depletion/ 091 0,96 1461 0.7 1.23
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of phosphorus levels, The uptake increased signifi-
cantly upto 10 kg P ha™' in mustard + chickpea (L314)
thereafter, it declined,

4,667 eplet

The data of monthly =20il moisture depletion
pattern is presented in Table 28, The soil moisture
depletion was meord or less szme in both the years
through, it was higher in 1986-87, The contribution
of rainfall was almost double in 1985-86 as compared
to 1986-87, The consumphive use »f water was markedly
higher in 1985=85 than 1986~87. The mean value for
a day was 1,38 mm in 1985-86 and 1,09 mm in 1986-87.

Except first month of 1985+8 season, there
was sufficlent rains in a1l the months which was well
distributed too., In 1986-87, the first two months
were dry, only 5.4 mm rain was received but there waas
sutﬁc.i.ez&r. raing in the third and £ifth month which
concided to flowering and ziliqua/pod devalopment
stages, |

[ B 2 5



5. DISCUSSION

In this experiment, mustard (grags;_.‘ ca junces L.
Czern and Coss) variety, Pusa Barani and chickpea (Cicer
arjietimm L.) variety, Pusa 261 were grown in different
planting patterns viz,, sole crops of mustard and chickpea,
mustard + chickpea in 414 and mustard + chickpea in 133
row ratios. The row spacing for mustard and chickpea
under sole cropping as well as under 414 row ratio was
kept as 45 cm whereas 20 c¢m spacing was maintalned
between the plants. When mustard + chiokpea were planted
in 113 row ratio the inter-row spacing for mustard was
doubled to 90 cm and inter-plant spacing was reduced
to 10 ¢m to maintain ‘the uniform plant population level
of base crop mustard in the planting systems. The inter-
row spacing was kept 30 cm when chickpea was raised as
intercrop between the mustard rows in 113 system. The
fertilizer phosphorus doses given were O, 10, 20 and 30
kg P ha"?
labelled fertilizer was spplied to both the cmps‘in

to both the crop components on area basis and

the specified rows, Total 16 treatment combinations were -
tested in a Randomised Block Design with three

replications,

Mustard and chickpea are the most important crops
of rainfed agriculture in North and North-west India.
These are cultivated in sole as well as in mixed/intercrop
stands., The Pusa Baranl mustard and Pyga-261 chickpea
" differed in their growth patterns, The peak vegetative

 and reproductive phases of both the crops did not eccur
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simultaneously, making the intercropping more compatible
than nomally expected with the conventional varieties of
mustard and chickpea, cultivated earlier. The planting
patterns and phosphorus levela were expected to influence
the utilization pattern of growth resources (moisture,
nutrients, light and space) and exhibit the changes in

the growth, development and yield of the crops. It was,
thersfore, necessary to fdentify the reasons for
advantages/reductions in ciOp yields, the different
planting patterns under varying levels of phosphorus where
moisture was limiting and seasonal variations in rainfall
were very wlde both in terms of amount and its distribution,

5.1. Crop sgagon

The crops in 1984=85 season were sown on November 6
but in 1986~87 the sowing was done on October 21 which
ls seventeen days earlier to first year, The weekly
weather data collectad in the two crop seasons are given
in Appendix I and depicted by Fig, 1. The data showed
large variations in th= amount and distribtrbion of rainfall
in the two crop seasons but the differences recorded

in other weather parameters wers small.,

In 1985~86, the rains 3 weeks before sowing were
sufticient (77.4 mm) and seven more showers were received
in the crop season, The total amount of rainfall
received during the crop season was 102,6 mm having better
distribution and it concided with vegetative, flowering
aﬁd silidua/pod development stages.‘ Therefore, the crob
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growth, development and yield were as good as obtalned
from 2 normal irrigated crop (Tables3 to 9). Contrary,

in 1985-~87, 45,4 mm rains 3 weeks bafore sowing were received
and moisture was Just sufficient for germination and
seedling establishment, But later on only 5.4 mm rainfall
was received in 12 weeks period and crops suffered molsture
stress in the initial period of growth. The prolonged
drought period of 77 days adversely affected the vegetative
growth of crop plants (Tables 3 to 7) but later rains

(49.8 mm )received betwean Jamuary to March coincided with
the flowering and siliqua/pod formation stages of both

the crops, The moisture supply at thes= stages favoured
the crop growth and losges caused, due to drought in
initial crop growth was compensated to some extent

(Tables 3,4,5,8).

The molsture deficit in soil during the dry periods,
adversely affected growth, development and yield of mustard
and chickpea (Table 12), It is a well recognised fact
that water daficit in rooting _—mne reduced mutrient uptake
by crop plants and adversely affact the growth and
development (Gupta, 1982), thereby reducing the crop
yield (Shaw and Laing, 1965).

S5e24 a t a

S+2+7.Blomass prodyction

The growth and development of crop plants are
specially influenced by its constitution, though the
environmental and rhizoespheric factors aleng with the



PLANTING PATTERNS
[_] SOLE MUSTARD
MUSTARD + CHICKPEA (4:4)

E=3 MUSTARD + CHICKPEA (1:3)

1985 - 86 J]886-87
18+
]
1.5 4 -
12 4 -
09 - .
1 )
” 4
/V/ %
D6 - jrﬁf 7 40
4 ]
it 4 1 it
03 4 1A AK a "y fr
12 47! " e
4 ::/ /ﬂf 1 ’.AA
00 ] #d 4 4
E 75 105 75 108
O
z DAYS AFTER SOWING
<
o e———e 75 DAS
S{ G——-3 105 DAS
0:8 "
|78
< '_,__’a,_,__—o""”—a
i
t2 o
o 1//
06
03 -
00 T — = 1 Y T —t
0 10 20 30 0 10 20 30

kg P ha~!

FI6.3. EFFECT OF PLANTING PATTERNS AND PHOSPHORUS LEVELS ON
LEAF AREA INDEX OF MUSTARD.



113

cultural practices adopted are equally important. These
factors play an important role in carrying out total
plzant processes which ultimately determine the effective

croos pooaductlion,

It has been observed during the critical evaluation
of the experimental data that the blomass production in
mustard was maximum when mustard was raised in 1313 system
‘(Fig. L). This may be attributed to the superiority in
all growth paraméters contributing towards increased blomass
production i.,e. plant height (Table 3), number of main
branches (lable 4), sub=branches (Table 5), leaves (Table 6)
end LAI (Fige. 3)., Higher LAI had been reported under
intercropping systems by Lin et al. (1981). In mustard +
chickpea (1313) sysctem due to increase in the intererow
space (90cm), the number of plants within the row increased,
Though, this resulted in greater inter-plant competition
in a row but the adverse effect of plant to plant competition
withlin the row was offset by the wider inter-row space
avallable in this pattern, making utilization of growth

resources more efficient (Tables 15a, 22),

Better resource utilization in mustard + chickpea
intercropping system was also reported by Kushwsha
(1983) under dryland conditions, Wider inter—row spacing
provided more lateral space for branching and leaf
rohmation and growth, The mustard plants faced competition
for light due to less intra-row spacing which forced the |
plants to go for iight thus, plants grew taller in 133
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planting pattern, The association of legume (chickpea)
with mustard provided more avallabllity of nitrogen fixed
by chickpza. Such association effect of legume with

more lateral space was absent when mustard was ralsed in
sole cropping. The biomass production was minimum in
mustard + chickpea (4t4) planting pattern malnly due to
reduction in plant populotion of the component crop

(mustard) planted in replacement series,

Contrary to mustard, chickpea biomass was adversely
affected in mustard + chickpea (1313) system as compared
to chickpea sole cropping. This is in conformity with
the findings of Meena (1985). It may be attributed to
reduced branching (Tables 4 and 5) and % light available
(Table 23) in 143 system, Saxena end Sheldrake (1980)
also reported that significant reduction in dry matter
was recorded even when only 25% of sunlight was intercepted.
This was otherwise evident from the higher dry matter
production and short compact plants of chickpea raised
in sole atand. Higher dry mat;er production in sole
chickpea was due to better utilization of growth resources
(11ght, moisture and space) as also observed by Heenav
(1985). Purther, chickpea biomass production was more in
mustard + chickpea (113) planting pattern than mustard «+
chickpea (434) row ratio mainJ:y due to the fact that the
plant population in latter was reduced to half as the |

system was based on replacement sexies,

5e2.2. Yielg
The mustard seed yield was maximum in mustard ¢



17

chickpea (113) in both the years (Pige 5) which may be
attributed to superiority in all yield attributing
charactera i,e. number of siliquae per plant (Table 9),
number of seeds per siliqua (Tableld), 1000-seed welght
(Table 11) and higher leaf area (Table 7). Higher leaf area
intercepted more light =and produced higher yield in several
crops have been reported by Donald (1963), Willey (1979)
and Hughes et al. (1981)., The lateral growth i.e. branches
was better (Tables 4 and 3) which borne more number of
silicuae and due to better utilization of growth resources
i.e. light (Teble 22), moilsture and nuitrients (Table 15a),
the number o2f seeds per siliqué and 1000~-seed welght were
higher resulting in higher yield in 1313 system, The

yield advantages obtained through intercropping woere due

to efficlent utilization of available growth resources like
nutrients (Dalal, 1974 and Lakhani, 1976) and light
(Nelliet et al., 19743 Backer and Yusuf, 1976).

Sole mustard crop was sown with narrow inter-row
spacing (45 cm) as compared to 133 system (90 cm) which
led to morz inter-row competition than intra-row compe=
tition for growth resources, Sole mustard was devold of
asgociation efrect of chickpea., The seed yleld in mustard
+ chickpea (434) was minimum due to its half population,
Though, the population was half but the yisld was more
than half of the sole stand which may be atﬁributed to
association of legume crop i.,e, chickpea and avallability of

more space to one row nearer to the chickpea row,
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On tha contrary, the chickpea seed yleld was
maximum in sole stand (Fige 5) due to more number of pods‘
per plant (Table 9) and more light interception at latexr
stage of growth (Table 22), The higher chickpea yleld
was also realised when 1t was grown as sole crop by
Saxena and Yadav (1975) and Ahlawat et al. (1985). Saxena
and Sheldrake (1980) reported significant reduction in
yield in all cultivars even when only 25% of light was
intercepted. The chickpea yield was reduced in mustard +
chickpea (113) due to less number of pods per plant (Table
9) and increased vegetative growth due to shading of
mustard plants. The yield realised in /:3 system was
better than in 4.4 system oluc +» population of chickpea
crop was reduced to half in replacement éeriea resulted
in lewer yields.

50243, Quality

The oil content in mustard (Taeble 13) and protein
content in chickpea (Table 14) is mainly governed by
the genetic make up of these crop varieties, However, the
different planting patterns and use of phosphorus
fertilizers did not bring remarkable change in these
quality parameters, Similar results have been noted in
past by several workers (Gangasaran and De, 1979;
Meena, 1983),

5¢2.44 Radig-chemlcal assay
The total phosphorus uptake increased from 75
dm to harvest which was due to increase in dry matter
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production (Fig. 4). The total phosphorus uptake by
mustard was maximum in 1:3 system. This was also due

to the higher total biomass production in these treatments
rather than the per cent content o0f the element., Another
evidence put forth is the difference in rooting paftern.
because the roots have tendency to avoid the overlaspping
in roting wne., Thus, crop avolds the area that has
already depleted by an assoclate crop (ITrembath, 1974).

On the other hand, total phosphorus uptake by chickpea was

maxdmum in sole cropping (Table 15a), This is due to the

- fact that dry matter production was maximum in sole

chickpea stand (Fig. 4). The trend of total phosphorus
uptake was same as of bilomass production i,e. sole
chickpea followed by mustard + chickpea (1¢3) and mustard
+ chickpea (434).

Further, fertilizer phosphorus uptake contimued
to increase upto harvest but the proportionate uptake
value was much lower between 75 days to harvest than
sowing to 75 days (Table 16a), This may be attributed to
higher phosphorus uptake by plants at early growth stages
and later 1t became sluggish during the reproductive
phase, The fertilizer phosphorus pool might have also
depleted at later stage, 7The fertilizer phosphorus uptake
by mustard was maximum in mustard + chickpea (133) system

due to higher biomass production (Table 8) and ¥ phosphorus

~derived from fertilizer source (Fig. 8). The mustard +

chickpea (414) had minimum fertilizer phosphorus uptake
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due o reduction in plant population to half in replace~
ment serlies, On the contrary, fertilizer phosphorus
uptake by chickpea was maximus in s0le stand, Because
it was primarily depended on bioméms production and
lower inter-row competit:ioxi due to wider inter-row
spacing (45 cm) than in mustard + chickpea (1:3) system
in 30 cm. The fertilizer phosphorus uptake by chickpea |
was higher at 75 days than at harvest in both the years
of experimentation (Table 16a), The increased minerali-
zation of native phosphorus due to root exudates ‘with the
advancement of crop growth resulted in higher uptake,
Thus, there wés increase in s80il phosphorus uptake at
later stage (Fige. 7). The mustard + chickpea (414) haci
only 30% of plant population than sole crop though
chickpea derived maximum percentage of phosphorus from
fertilizer,

Likewise, fertilizer phosphorus uptake, the
utilization of applied phosphorus also increased from
75 days to harvest (Table 17a) and falls in similar line.
that obtalned with total phosphorus uptake. The per cent
utilization of applied phosphorus by mustard was maadmm
in mustard + chickpea (133) pattemrn mainly due to higher
biomass production and % phosphorus derived from fertili-
zer, The sole mustard ranked second in utilization of
sppliad phosphorus due to relatively low biomaas
production (Fig. 4) amd %X phosphorus dnr;ved from
fertilizer (Pig. 8). The utilization of apruad phosphoms ‘
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by mustard was least in mustard + chickpea (414) due to
reduced biomass and fertilizer phosphorus uptake, The
per Cent utllization of applied phosphorus by chickpea was
maximum in sole stand followed by mustard + chickpea (133)
and mustard + chickpea (4t4) (Table 17a), This may be
attributed to higher biomass production, The per cent
utilization of applied phosphorus by chickpea was higher
at 75 days than at harvest, The possible reason for

this observation may be due to very actiwe vegetative
growth of plants which took more phosphorus from ferti-
1izer and resulted in the increased utilization of applied |
thosphorus, This fact suppo:;ts the concept of orop |
competition for nutrient at active growth period.

It is very interwsting to note that mustard
proved its superiority in mustard + chickpea (1:13) system
over sole mustard and mustard + chickpea (414) system
in all the observations recorded but in 'A’-value the
trend was reverse, A8 it could be seen from Fig. 9 that
mustard had maximum 'A'evalue in mustard + chickpea (414)
except at 75 days in 1585=86 followed by sole mustard
and mustard + chickpea (113). It is quite natural
because mustard had utilized less applied phosphorus in
L34 gystem than sole mustard and 113 ayatem, In case of
chickpea, the trend was reverse as observed in mustard and
maximum 'A'-value was observed in mustard + chickpea (113)
due to the fact that per cent phosphorus derived from
fertilizer was lov,
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5.2050 \'d able trient

Analysis of 30il samples showed that available
nitrozen content in soil was maximum in sole chickpea
followed by mustard + chickpea (1313), mustard + chickpea
(4:4) and sole mustard (Table 19a), This was due to the
simple fact that chickpea being legume added atmosrheric
N into the solil and utilized relatively lower am,unt of
nitrogen, while mustard being exhaustive crop did not
add N into the soil,

Th2 avajlable phosphorus comtent in soil followed
the same trend as available nitrogen oontent in soil
(rable 20a), Maximum available phosphorus was recorded
in sole chickpea due to lower uptake of phosphorus and
greater mineralization of native phosphorus, Minimum
values were obctained in sole mustard which may be
attributed to higher P uptake and poor capacity of mine~
rall zation of native phosphorus, Though, combined total
phosphorus uptake was maximum in mustard + chickpea (113)
system but supplementary effect of chickpea assoclation
brought higher values of available phosphorus content,

~The avallable potasaium content in soil was alao
maximﬁm in sole chickpea (Table 21) becsuse of minimum
dry matter production (Fig. 11). Mustard + chickpea (4il)
~ pattern followed the sole chickpea due to third rank in
total dry matter production (Pig. 11). The gole mtard
and mustard + chickpea (113) did mot give any clear picture,
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The LAI increased from 75 days to 105 days (Table

7 and Fige 3) with the contimiation of vegetative growth
of plants., The maximum LAI of mustard was observed in
mustard + chickpea (1:3) pattern may be attributed to
wider inter-row spacing which provided more lateral
space for branching and leaf formation and growth, There
was also better utilization of growth resources viz,,

nutrients (Fig. 6), light (Fig. 10) and space, Higher
LAI had been reported under 1ntercroppixig systems by
" Lin et al. (1981), Meena (1985) and Pareek (1987),

The assoclation effect of legume and more lateral
3pace was absent in sole stand, The LAI was minimum
in mustard + chickpea (434) system msinly due to
reduction in plant population of mustard crop in

replacament series,

The mustard + chickpea (1t3) proved its superiority
in light interception by mustard crop camopy (Pig. 10).
Thia is mainly attributed to higher LAL, The light
interception increased with the advancement of crop.
This finding is in confirmity of Hughes et gal. (1980)
and Meena (1985), Because of minimum LAIL, the light
interception was also least in mustard + chickpea (414)
pattern. On the other hand, maximum light interception
was observed in sole chickpea (Table 22) followed by
mustard + ohickpesa (414) and musterd + chickpea (113)
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system. This may be due to better branching and no
shading. While the light available to chickpesa in

1313 pattern was nzver 100% rather, it varied from 77.3%
to 94.75% (Table 23), Similar results were also
reported by Meena (1985).

5.2.7. Iotal dry matter production

The total dry matter production was maximum
in ‘musta‘rd + chickpea (113) system followed by sole
_{uiu.?‘.ta‘lrc‘l,‘ mustard + chickpea (414) and sole chickpea
(Fig, 11). Total dry matter production was mainly
influenced by the contribution of mustard component
which had superiority in all growth parameters (Tables
3 to 7) in 133 system, The values were minimum in sole
chickpea which was quite natural due to its genetic
constitution. Sole mustard proved to be superior to
mustard + chickpea (434) because of higher plant popula-
tion over 4314 aystem which was based on replacement

saries,

5e247

The combined total phoaphorus uptake followed
the pattern of dry matter and it was maximum in mustard
+ chickpea (133) followed by sole mustard, mustard +
chickpea (434) and sole chickpea (Fig. 12), Likewise,
11' was the main contribution of mustard component due
to higher biomass production and exhaustiveness. The

.comtribution of chickpea in intercropping was quite lower
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than sole chickpea and varied betweeh 41% to 79%
(Table 15a). This finding is in confirmity of
Natarajan and Willey (1980 ) and Kumar Rao et al.
(1983) and Meena (1985), The values were minimum in
sole chickpea due to lower biomass production as

compaced to mustard,

- The mustard equivalent yleld was maximum in
" mustard + chickpea (1313) pattern followed by sole

" mustard, mustard + chickpea (414) and sole chickpea
(Fig. 13). Thnis may be attributed to superiority of
mustard in all yield contributing characters (Tables

9 to 11), LAI (Table 7), higher light interception
(Table 22) and highar selling price of mustard, These
findings are in confirmity of Meena (1985), There was
marked difference in both the years, 1t was higher in
1985-86 due to good amount (102,6 mm) end better
dlstribution of rainfall than 1986-87, where only 55.4
mm rainfall was received and crops suffered moisture

stress at vegetative phase,

The LER values registered a progressive increase
from sole c¢rop and attained highest value (1,52 -
1985«863 1451 = 1986=87) in mustard + chickpea (133)
syatem (Fig., 13). This may be due to the fact that
muaﬁard yield was comparable to sole crop in the 133
system and additional chickpea yleld was also obtalned,
The lower y¥eld values in 414 system were mainly due
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to reduction in the plant population to half in

replacement series,

5.3. Effect of phosphorus
B30 m ckion

Successive application of phosphorus levels from
.0 to 30 kg P ha™?
both the crops at both the stages (Table 8), It could
be seen from the preceding chapter, that all the

increased the biomass production in

. components responsible for higher biomass proiuction
ware favourably influenced by the application of phos-
phorus. For instance, plant height (Table 3), number
of main branches (Table 4), sub=branches (Tsble 5),
leaves (Table 6) and LAI (Table 7), Further, the
favourable effect of phosphorus on blomass production
was due to effective utilization of soil nutrients
through the extensive root system develored by crop
plants under phosphorus application (Chatterjee, 1969).
The experimental raesults ware in confirmity with the
findings of Osborme and Batten (1978) and Mudholkar and
Ahlawst (1981).

5.3¢2. Yield

The application of phosphorus significantly
increased the seed yield of mustard and chickpea but
the differences were clear only with lower doses of P
(Table 12a). This may be attributed to favourable
effect of phogphorus application on yield contributing
characters i.e, siliquae or pods/plant (Table 9),
number of seeds/siliqua (Table 1)), 1000-seed weight
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(Lable 11) and higher leaf area (Table 7)., Higher leaf
area intercepted more light and produced higher yield in
several crops have been reported by Donald (1963),
Willey (1979) and Hughes et al. (1981).

Many workers have also reported improvement in
yizld attributing characters of chickpea 1,2, pod number
and 1000-seed weight with the increasing levels of
phosphorus (Suryawanshi and Chaudhuri, 19793 Singh et al.,
19801 ), With the application of phosphorus higher mustard
- seed yield was obtained by Joshi et al, (1973), Bhan and
"’émgn (1976), Monoz (1979), Vir and Verma (1981) and

" Christensen et al. (1985). Similarly, favourable response

of chickpea to phosphorus application was observed by
Chowdhury et al. (1975), Suryawanshi and Dhaudhuri,(1979),
Singh et al. (1984) and Borgohain and Agarwal (1986).

54303 mm

Seasonal variatlion in oill content in mustard
were marked, it was lower in 198586 than 1985~87 when
 the yleld was comparatively lower. The 0ll content in
mustard marginally decreased with the increasing levels
of phosphorus though, the differences were non-signific-umt
" (Table 13). The reports on the effect of phosphorus on
oil content are contradictory. But there was favourable
effect of phosphorus application on protein content in
chicki:ea (Table 14), This may be attributed to the
extensive root system developed due to phoaphorus a@pli-v«‘
cation which resulted in higher uptake of nitrogen from
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801l and leaving lower values of avalilable nitrogen in
s0il (lable 19a),

Se3elte REiQ*ChEQCﬂ assay

Marked favouracle effect of phosphorus application
on the total phosphorus uptake by mustard and chickpea
was observed (Fige. 6). Maximum phosphorus uptake was

racorded at 30 kg P ha~)

and minimum at control at both
tha stages and in both the crops. The possible expla-
‘ééiion would be that higher the availability of phosphorus
‘iﬁ.soil solution with higher doses which increased the
phosphorus content in plant (Racz et al., 19653 Mehrotra
2% al., 1972 and Strong and Berry, 1980) md dry mntter
prowuction (Osborne and Batten, 1978 and Mudholkar and
Ahlawat, 1981), The results were in confirmity with the
 findings of Virmani and Gulati, 1971; Strong and Berry

(1980),

The fertilizer phosphorus uptake increased signi-
ficantly with the applicatlon >f phosphorus in both the
crops (Table 16a). The favourable response t¢ phosphorus
application could be explained in the light of absorption
of fertilizer phosphorus due to mass effect and as a
zonsequence of which higher amounts of fertillzer phosphorus
found its way in the 321l solution around the root halrs
of the plant as evidenced by other workers (Nye, 19683
Phillips et al., 1968; Venkatachalem gt al., 19693 Hampaiah
&% ale, 1982 and Mallikharjuna gy gl., 1984). The
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fertilizer phosphorus uptake values increased from 75
days to harvest 1n casz of mustard but decreased or
remained unchanged in case of chickpea. This may be

due %o the fact that, increase in the mineralization of
native phosphorus due to root exudates of chickpea with
the advancement of ¢rop zrowth, Thus, there was increase

in soil phosphorus uptake at later stage (Fige 7).

On the contrary, the decreasing trend in the
utilizacion of applied phosphorus with the increasing
ihéﬁes 6f phosphorus application was observed in both the
crops (Table 17a). Since, the uptake of phosphorus by
crop is limiced, the higher doses of fertilizer applled
wzre not accumulated in the plant in the same proportion
ag the lower doses. The other explanation would be that,
at higher rate of phosphorus application, greater retention
of applied phosphorus is possible which 1limits the avai-~
lability of applied phosphorus to plants, Therefore, at
higher level of phosphorus application, there will bhe less
competition among the plants for ihe mtrient as compared
to lover doses., Simllar views were alao expressed by
Wild (1980), Sinha and Rai (1976) amnd Ral et al. (1984),
The utilization a; applied phoaphorus increased from 75
days to harvest in mustard but invariably decreased in
chickpea, The reason being increase in the mineralization
of native phosphorus at later stage and Increase in soll
‘phoapnorus uptakae,
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'A'-value increased as the level of phosphorus
application increased from 10 to 30 kg P ha"’ {Table 9)
because it depends on the rate of phosphorus application.
On the contrary, 'A'<value was higher in 1986-87 tﬁan
1985+86 this may be due to lower biomass production (Fig.4),
yleld (Fig. 5) and phosphorus uptake (Fig. 6) resulting
in more availabllity of phosphorus in soil. ‘*A'-value
decreased from 75 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 of native phosphorus
resulting in more availability of soil phosphorus,

5¢3.5. Ayailable putrient in gofl

The avallable nitrogen content in soil decreased
with the increasing levels of phpaphorus. The_ maximoum
content was found at control and minimum at 30 kg P ha"‘1
(Table 19a). This may be attributed to development of
extensive root system with the application of phoesphorus
which extracted more nitrogen from the soil, Chatterjes
(1969) also found well developed plant root system which
extracted higher nutrients as a result of phosphorus
application. Dhillon and Vig (1985) also observed that
application of phosphorus improved the efficiency of
applied nitrogen, Available nitrogen content decreased
with the advancement of stage due to continuation of
uptake of nitrogen till grain formation. The values were

higher in 1986-87 than 1985-86 due to poor blomass
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proiuction {Fi . &) and yield (Fig. 5).

The vaiues of avallable phos:horus content in
s0.1 incoeiasd voatinuously with the increasing lovels of
phosuhorus (Table 203), Thia is due to th: fact that
i . uptaik> of phosnasrus by crops is limited, the high:'r
doses of fertilizer appli-:d ar» not accumulated in the
plrac In the sane propovtion =5 ths lowar doses thus,
higher doses increased th= 1vailable phosphorus content
0f s0il. imil r findin a3 wer: rz;orted by Joshi et al,
(1975%). (he values >f avallable phosphorus c¢ontent were
lower in 19&6—8?1nay 2 due to more retention of phosphorus

in dry s:230mn.,

The Increasing levels of phosphorus deciined
the 1vailable patassium content in soil (lable 21), The
maximun valuss were obrained at control and minimum
at 30 wg P ha'1. This may be attributed to development
of extensive roo>t system, With the application of
phosphorus which extracted more potassium from soil and
left lower amount of =available petassiuzﬁ. Thicz finding
confirmmed che results reported by Das (1983). The
values were higher in 1966-87 than 1985-86 due to lower

total biosmass production (F1., 11) and yield (Fige 5).

50546, Leaf area fndex (LAI) and 1ight jnterception

The leaf area index of mustard crop increased

with tné increasing levels of phoéphorus (Fig. 3). This
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may be attributed to the complex phenomenon of phosphorus
utilization in plant metabolism. This element enters
into the oxidative disintegration process of carbohydrates
to yleld hexose phosphate which is further transformed
due to the development of meristematic tissues, cell
division and leaf area development, The LAI increased
from 75 days to 105 days because upto that stage
vegetative growth continued., Interception of light by
both the crops increased with the increasing levels of
phosphorus (Table 22), This is simply due to increase in
LAI and vegetative growth, The per cent light intercepted
by crops was more in 1985-86 than 1986-87 due to higher
plant height (Table 3) and LAX (Fig. 3).

3+3.7. Tgtal dry matter produchion

The maximum total dry matter production was
observed with the application of 30 kg P ha"1 and minimum
with no application (Fig., 11), The increasing levels of
phosphorus increasedthe values. This may be atiributed
to favourable effect of phosphorus application on grav)'th
parameters i,e. plant height (Table 3), number of main
branches (Table &), number of sub-branches (Table 5),
number of leaves (Table §) and LAI (Table 7). The main
contribution in total dry matter productisn was of
mustard which had favourable effect of phosphorus
application on growth parameters, The values of total
dry matter production were higher in 1983-~86 than
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1986~-87 may be due to better soil moisture avallability
(Table 28)0

543.8, ed total phos ak

There was significant effect of 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 % phosphorus content., This view was shared by
Mshajan gt al. (1985). The major contribution in combined
total phosphorus uptake was of mustard which responded
favourabvly to6 phosphorus levels,

5:3.9. Mustard e ent yiel 1 e

ra

There was significant exrect of application of
phosphorus >n mustard equivalent yield in both the
years (Table 25a), Maximum equivalent yleld was obtained
at 30 kg P ha”! (Fig. 13). The trend observed in mustard
equivalent yield was ssme as mustard yleld because of
its pre-dominance in yleld and selling price, On the
contrary, LER values decreased with the increasing levels
of phosaphorus this may be attributed to the fact that the
proportionate increase in sole crop ylelds was much
higher which brought the ratio (LZR) to lower side at
higher levels of phosphorus,
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Selte e al t a en el

The interaction effects of planting patterns and
phoaphorus levels on mustard seed yleld and mustard
equivalent yield was significant in 1985-86 (Tablea 12b
and 25b), The maximum reaponse to applied phosphorus at

the rate of 10 ks P ha |

was noticed with 113 systaem,

This response of applied phosphorus lies in the capacity
to provide balanced mutritional environment within the
rhizosphere and it was more prominent with the assocliation
of legume, Thus, the system proved to be an efficient
and higher yielder. Similar results were obtalned

with nitrogen by Meena (1983).

S5.4s2e R ) a83

The examination of data An Tables 15(b), 16(b),
16(c) and 16(d) revealed that by and large the phosphorus
uptake (total as well as fertilizer) by mustard crop
either grown as sole or in intercropping (113) syatem
per se did not differ markedly with the use of higher
levels of phosphorus beyond 20 kg P na~t, 1t clearly
brought out the fact that phosphorus wtilization
pattern remained more or less unchamged for mustard crop
at varying levels of phosphorus. Therefore, the mustard
crop seems to be a suitable component crop for inter-
cropping system with chickpea., The asaociation of chickpe(ea

with mustard in 113 system not only utilized the native
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phosphorus but also applied phosphorus suggesting the
use of phosphorus i3 a must for realization of higher
yield in intercropping. The use of fertilizer for
obtaining higher ylelds in intercropping system has been
recently reported by Meena {1985) and Pareek (1987),

5e4¢3. Av (-] ) n soil

The avallable nitrogen in soil was influenced
by different planting patterns as well as phosphorus
doses aéplj.ed (Tables 19b ‘and 19¢)., The effect was more
pronounced when chickpeaffaiaed as a sole crop. The
higher available nitrogen in control plots was mainly
due to the poor utilization of nutrient by chickpes
because the lack of phosphorus restricted the root growth,
Contrary to this, the nitrogen in phosphorus applied
plots reduced due to better root proliferation thereby,
making higher utilization of nitrogen., Here, the
phosphorus application helped the plant not only for
efficient nitrogen fixation but at the same time better
utilization of the fixed nitrogen and this was finally
reflected in the yield., Whereas in other systems the
differences were less visible, this can be attributed
to an equilibrium maintained in fixation and utilization

of nitrogen,

The available phosphorus in soll was influenced
by planting patterns as wéll as by phosphorus doses applied
(Table 20b). When phosphorus was not applied then
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irrespective of asystems the values remained unchanged
but an application of phosphorus upto 20 kg P ha=!
increased the phosphorus content in soil. The increase
was more prominent with sole cropping as compared to
113 pattern or with this system only marginal increase
in available phosphorus in soil was noticed, This
finding clearly showed that when these crops are grown
in intercropping particularly in 113 system removed
moye phosphorus from soll. Thereby suggesting the use
of phosphorus fertilizer for both the component crops.
At 30 kg P ha"1. the rate of accumulation was higher
than its utilization hence, an accumulative effect was

noted,

The data generated on mustard and chickpea and
discusaion thereon is the suggestive of one remarkable
finding for rainfed agriculture, The gole cropping of
mustard haa to go and a new concept developed on intere
cropping particularly 1t3 syastem where the mustard yleld
by no way is found to reduce ¢ver sole cropping but
the additional chickpea yleld 1is obtained, 'fhereby making
the system more viable, The yield ad.vantdage further geared
up by use of phosphorus on area basis meéti;tg the

requirement of both the component crops,

(XX |



6. SU'IMARY AND CONCLUSI JN

SUMMARY

A fi=ld experiment entitled "Tracer studies on
phosphorus use =fficiency in mustard -~ chickpea plan-.ing
patterns under rainfed conditions” was conducted on the
farm of the Division of ‘gromomy, Indian Agricultural
Rz2search Institute, New Delhi, during rabi seasons of
1385«86 and 1986-«87, [he treatmencs consisted of four
planting pitterns (sole mustard, sole chickpea, mustard +
chickpea (414) and mustard + chickpea (133) and four
'phosphorus levels (0, 10, 20 and 30 kg P ha~'). The 16
tr-atment combinations were tested in a Randomised Block
Desigzn with 3 replicatisns. The salient findings obtained
during the course of this investliy ition are summarised

below:

6.1, Crop saasgn

The weather parameters particularly rainfall
influenced the treatments effect sigrﬂ.ticantly on the
productivity of crops as there was largze variation in the
amount and distribution in the two crop seasons, In the
crop season of 1983-86, the rains before sowing (77.4 mm)
were sufficient for proper germination and seedling
establishment, whereas the amount of rainfall was 102.6 mm
in the crop season which coincidad with vegetative,
flowering and siliqua/pod development stages. In 1986-87,
the‘ rainfall amount was just sufficient (45.4 mm) for
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sowing and crop suffered molscture stress at initial :srowth
period resulting in poor seedling establishment and
vegetative growth but later showers (55,2 mm) at flowering
and siliqua/iod development stag-s compensated the loss

occured at initial zrowth pariod.

6.2, Biomass production

The plantin: patterns significantly influenc:d the
dry matter prdUCtiJn 9f both th2 crons in both the years.
The biomass production of mustard was maximum when it was
sown in 1:3 system followed by sole mustard and least in
434 system, Muscard showad its superiority in all growth
praneters i,e. plant height, number of main brancChes,
sub-branches, leaves and LAl in the 133 system., Contrary
to nmustard, cnickpea biosmass was adversely affected in

123 system as compared to sole chickpea.

The application of phoaphorus proved highly
beneficial in increasing the biomass production of both
the crops at all stages. Further, all the components
responsible for higher biomass production were favourably |

influenced by the applicatisn of phosphorus,.
6.3. el d 1

The yleld of both the crops in both the years was
significantly influenced by planting patterns and
phoéphorus levels., The mustard yleld was asignificantly
higher in 113 system and sole mustard over 414 system
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in both the years. Mustard grown in 1:3 system showed
1ts superiority in all yield attributing cnaractérs 1.e,
nuaber of siliquae/plant, aeeds/éiliqua and 1000-seed
welght. The chickpea yleld was significantly higher in

sole chickpea over 1t3 and 414 systems in both the years,

In the ¢rop season of 1985-86, the varizd levels
of phosphorus application sinificantly increased the
mustard yield over control while in 1986-87 only highser
levels of phosphorus application were found superior over
 obn£rol. Similar, beneficial effects were alsy noticed
with chickpea. There was favourable effect of phoaphorus
doses on yleld contributing characters of both the crors,

The 21l content in mustard was higher in 1986-87
than 1985-86, The different planting patterns and use
of phosphorus fertilizer did not bring remarkable change
in oil content in mustard. Though, planting patterns
did not effect the protein content in chickpea but phos-

phorus application increased the protein contant,

6.4  Radjo-chemical assay

The total phosphorus uptake in mustard was
sionificantly higher in sole mustard and 133 system over
434 system. However, maximum phosphorus uptake was
found in 133 system. The total phosphorus uptake in
chickpea was significantly higher in aole chickpea and
1:3 system over 4i4 system. However, sole chickpsa had
edge over 133 system. The application of 20 and 30 kg
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F ha-1, significantly increased the total phosphorus uptsake
in mustard over control at both the stages in 1985-86 and
only at harvest in 1986-87. In case of chickpea, the

1

maximum phosphorus uptake was recorded at 30 kg P ha™ ' and

mninimum at control,

There was significant effect of planting patterns
on fertilizer phoschorus uptake. The maximum fertilizer
phosphorus uptake in mustard was observed in 133 system and
least in 434 systen. The fertilizer phosphorus uptake in

chickpea was significaintly high+r in sole chlckpea over
| 414 and 133 systems, Thers was increase in the fertilizer
phosphorus uptake in both the crops with ths application

1 1

of 20 and 30 kg P ha” ' over 10 kg P ha™ ',

The per cent utilization of applied phosphorusgs by
nustard was maximum in 133 pattern followed by sole
mustard and 4:4 pattern. The utilization of applied
phosphorus by chickpea was significantly higher in sole
chickpea over &:4 and 1313 systems in both the years., The
increasing levels of phosphorus application decreased the
utilization of applied phosphorus in both the crops.

The 'A'-value in mustard was maximum in 414 system
at all the stages in both the years followed by sole
mustard and 1:3 system. Contrary to mustard, 'A'-value
‘waa maximum in 133 system in chickpea, The higher

1

levels of phosphorus i.e, 20 and 30 kg P ha” ' increased

the 'At-value over 10 kg P ha"1. in both the crops.



11

6e5. Available nutri-nt in soil

fhe available nitrogen was significantly high:r
in sole chickpea and 133 system than sole musctard and
L3b4 system. In general, there was decline in avallable
nitrozen with the incr:ase in the levels of rhosphorus,
fhough, there was no significant effect of planting
patterns on available phosphorus but maximum smount was
observed in case of s,le cnlickpea followed by 1:3 sysatem,
bib system and sole mustard. The increasing lavels of
phssphorﬁs incrensed tne available phosphorus at both
the stages. The maximum amount of avallable potassium
was found in sole chickpea and minimum in 1:3 system.
IThare was decrease in the available potassium with the

increase in the levels 3f phosphorus,
6.6, Leaf area index lisht interceptio

The maximum LAI of mustard was recorded in 113
system followsd by sole mustard and 414 system., The
application of phosphorus incressed the LAI of mustard.
Likewise, maximum 1i:ht interception by mustard was
soserved in 133 system at 75 days and 105 days in both
the 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
maximum values were observ:d with the application of 30
kg P ha"! and minimum with control. |
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8¢ 7s fotal dry matter and combinad tatal phosphorus
uptake

The total dry matter production was significantly
higher in 1:3 syscem than sole mustard, 4:14 system aﬁd
s0le chickpea. Howevar, sole mustard was also significantly
superior over 4314 system and s8ole chickpea. The maximum
total dry matter production was observed with the spplica-~

1 and minimum with no application, The

tion of 30 kg P ha
combined total phosphorus uptake wis significantly higher
1n.1§5 system than sole mustard, sole chickpea and 414
aystem. [he maximum uptake vilues were obtaiped at 30
Kg kb ha’1 at 75 days after sowing and at harveat in both

the years.

The mustard equivalent yield was maximum in 1313
pattern followed by sole mustard, 434 pattern and sole
cnickpea. The maximum @quivalent yield was obtained with
the application of 30 kg P na~', The LZR values were
maximum in 1313 system and decreased with the increasing

levels of phosphorus,
6.9,  Besponse nd economics

The reaponée of mustard and chickpea crops to

phosphorus fertilization was quadratic, With the

1

spplication of 1 kg P ha” ', there was increase in mustard
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seed yl:ld in the order >f 14,28 and 14.93 Kz in 1985-86
and 1986-87, respectively, Similarly, the use of 1 kx
P ha™ gave additional chickpea seed yield of 11,77 and

12,98 kz in 1985-86 and 1986~87, respectively,

CINCLUST Ji

Jn the basis of experimental findings, it can
oe concluded that mustard and chickpea were compatible
components of intercropping system, The mustard +
| chickpéa {113) system i.e. additive series was markedly
superior to sole mustard and mustard + chickpea (434)
8ysgem i.e, replacement seri:s in terms of utllization
of growth resources and yield advantages, The mustard
showzd its superlority in total phosphorus uptake,
fertill.er phosphorus uptake, psr cent utilization of
applied phosphorus in 1:3 system over sole mustard and
4314 system. Contrary to mustard, chickpea performed

better in sole cropping than any intercropping patterns,

Phoaphorus application proved beneficial in
maximising ylelds. The positive relationship was obs=rved
between the phosphorus lavels and various zrowth parameters
and yield attributing characters. Application of phosphorus
increased the total phosphorus uptake, fertilizer
phosphorus uptake and ‘'A'-value while a reverse trend
was abserved for the utilization of applied phosphorus,

Thus, on the basis of two year experimentation,
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i. can be sald that growing mustard and chickpea in
1:3 system with -he application of phosphorus is a
remunerative approach in maximising the crop productivity

and utilication of native as well as applied phosaphorus,

e
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Ao NDIX TIT

Mustard (1985-86)
i b 2 2‘
1 1 1 1 af 1
X Y DS S 4 é, f
i -1 1 2 2 2
kg F ha q ha
1 2 3 4 5 6 7 8
0 20.69 ""3 ‘&QO? +1 1’20.69 9 1
12 25.11 -1 =23,11 =1 -23:11 1 4
20 25,11 +1 #235,11 =1 ~2%.11 1 1
30 23441 +5  +70eZ22 1 +25.41 9 1
90, 5< + 8,16 - 2,12 20 4
A' = T = -Z%- "‘23'&2 - 22,58
S‘{i < " B, 16
3' = 2>3Y/ D - - a O.471
Y23, g
| - ) 12 -2,12 -
C' =3¢ ¥/2 % = = = -0.53
2 2

¥ = (T ~3B'+C") + (28" - 3¢1) x + ¢'%°

Y = (22.58 = 3K 0okt = 0.53) + (2x Du871 = 3x(=0,53)X=0,53X°
| ) 2
Y = 20.82 +-—‘3q-f§l-x - 91%6—"—
Y = 20,82 + 0.2410 X ~ 0,0053 X°

Calculation of optinum economic 3dse
P ice of fertilicer = Ra. 12,16 per kg ¢ as SSP

Price of produce = Rs 385 per q.



vrpenddx II (contd, ... )

X opt = 1&116[.3853 = 0,2b10 -o:zo% - 19475 ks P

Y opt = 20,82 + 0,2410 X 19,75 ~ 0.0053 (19.75)% = 23.51

q h3"1
Chickpea (1983-86)
X Y %1 %1 ; ; 12 12
-1 -] é é
kg v ha q ha , 'Y R 2
O ‘ Bcej‘ “"5 "‘260“9 + L 8.85 9 L
10 10, 20 1 210,39 =1  =10,30 1
30 19,96 +3 432,88 +1  +13.96 9 1
Lt1 .05 + 6.65 - 1.1‘7 20 l&
—_— Y 41.'
A e T . = . _.[‘_Tz - 10,26
n
2

3 o E.Y %1 /Xg - -61-82 e 0,33
1

Y = (T = 38" «C') & (28" - 3C') x + C X2

e (10,26 = 3 x 0,35 = 0.37) + (2 X 0,33 = 3(=0.37)X = 0,37 x°

. 890+ LIL x . oTX’



>\}J}).—‘nd.ix II (Conﬂi.-..)
= 8.90 4+ 0.1772 X = 0.9037 X2
Calculation of optimum ecunomic doses

Price of fertilizer : Rs 12,16 per kg = 18 SsP
Price of produce ¢ Rs 240 por g

12,16 /250 = 0,1770 =0, 126
X opt = 152 _ -51-5572-_ = 17,07 kg
(-0,0037) X° . ’

Yopt = 8.90 + 0.1770 x 17.07 = 0,0037 (17.07) = 10,84 q ha™!

‘Mustard (1986-87)
2 2
X » Y . %{I . %‘! é‘l . $1 g‘l %‘l
kg P ha ' q ha 1 1 2 2 N 2
20 19¢9~'-~ +71 +‘13.92 -} —19.9? 1 1
75,94 +12.86 - 1.54 20 4

v 2. Y

A' = Y - = Zif'-% = 18,98

2
1 ]
B'BEY%1/Z—%1 - 128 Lo.e

2
creSxd 55 - Y oo

Y = (T -38WC') + (28'-3C*) X + C'X%

= (18,98 = 3x 0,64 = 0,38) + (2X 0,64 = 3(=0,38) X=0,38 ¥

. 16,68, 3EX - QX



."\E.‘Eengx 11 <c0n§d11 QJ

= 16.68 + 0,2620 X = 0,0038 X°

Calculation of optimum 2conomic dose

Price of fertili.er 1 Rs 13.60 per kg P as S3P

Price of produce 3 Rs 400 per q

X o = 12:80/400 = 042620 _ 02280 - 30.0 kg

(=0.0038; X

Y opt = 16,68 + 0,2620 x 30,0 ~ 0.,0038 (30,0)2 ™ 21,12 q ha™

1 {1 -
2 2
5 1 1 1 1 1
X Y
kg P ha~' g ha"] '51 ¥ 51 %2 Y %2 i %2
O 5.9 -3 -17.863 +1 +3,95 9 1
10 7.7 - - 7.7 -1 -TaT5 ! 1
20 ?‘83 +1 + 713:7 ~% "‘7.83 1 1
30 775 43 423,25 41 +TaT5 9 1
29,28 . & 5.48 -1.88 20 4
_ s .
A' = Y = .‘.E;- = 2 {28 7'32
B' = 5 Y % - 238 . o.27

C'BZ é; % w ;11@@---0.#7

Y = (T = 38%C*)+(2B'=3C")X + cx



;\ppen(ilx Il (Contd..- )

e (7.32 = 3 X 0,27 = Cub7) + (2x 0,27 = 3(=0.47)X=0.47 XE

-6.04-&1.?8}( ‘_%%% x?.

= 6,04 + 0.1950 X - 0.0047 X2

Calculation of optimum economic dose
Price of fertilizer : Rs 13,60 per kg P as S5I'
Price of produce 3 Rs 260 per g |

X opt = 13.60/260 - 0,1950 . =0ull2T . 15,15 kg

Y opt = 6,04 + 0,1950 x 15,18 = 0,0047 (15.18)% = 7,92 q h&'

Response ku/ke P
Mus tard (1985-65)
Seed yicld with O kg P ha" ' = 20,69 q ha™"
Seed yield with 19,75 kg P ha™ ' = 23,51 q ha™
\dditional seed yield with 19.75 kg P ha™' = 2,82 q ha™

- 282 kg ha™!
50,additional seed yield with 1 kg P ha™! -15% » 14,28 kg

Mustard [12%-92[
Seed yleld with O kg P ha~' = 16,64 q ha™
Seed yield with 30 kg F ha” ' = 21,12 q ha”

1

Additional seed yield with 30 kg P ha” | = 4,468 g ha™@ =
448 kg ha™
So, adaitisnal seed yleld with 1 kg P ha™' =

gg.é w 14,93 kg

1
1



P’X}if."indix II (COntd. cae )

Chickpea (1985-86)
Se.d yleld with O kg P ha™! m 8,83 g ha™|

Seed yield with 17,07 kg P ha"1 = 10,84 q ha’1
Adiftional seed yi:1d with 17,07 kg P ha”! = 2,01 q ha™ =

= 201 kg ha™)

53, adalcional se.d yield witn 1 kg P ha'1 = 201 11, 77ug

Chickpea (1986-87)

 Seed yleld with O kg P ha~! = 5,95 q ha”

‘ASeed yield with 15,18 kg P ha'1 w» 7.92 4 ha

Additional seed yisld with 15,18 kg P ha™' = 1,97 q ha™ ' =
197 kg ha™

5., additiznal seed yleld with 1 kg P ha” ' = J#iry =

1
1

12.98 kg

Return/Re on P
Mustard (1985-86)
Price of 14.28 kg mustard = Rg 54,98
Fertilizer of Rs 12,15 gilves = Rs 54,98
Fertilizer of Re 1,00 will give = ;g,%g = Rs b,52

Mustard (1086-87)

Price of 14,93 kg mustard = Ra 59.72

Fertilizer of Rs 13,60 gives = Ra 59,72

Fertilizer of Re 1.00 will give = ?§:Z% = R8 439



Appendix I (Conf«d.. r e )

Chickpea (1985-86)

Price of 11,77 kg chickpea = Rs 28,25
Fertilizer of Rs 12,16 gives = Rs 28,25
Fertilizer of Re 1,00 will give = Rs 2.32

Chickpea (1986-87)
Price of 12,98 kg cuickpea = Ra 33.75

Fertili:or of ®8 13.50 gives = Ra 35,79
Fertilizer of Re 1,00 will give = % Ra 2.48
' had .

LN 4









