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Out of 143 million hectares under cultivation in
indie ap much as one third of the total area receives
raingall below 700 mm ond conseguently suffers from low
yields. In other words 63 per cant of total food grain comes
from dgyland areas, having low and scenty rainfall. In such
areas production risk ia considerebly more than that in

izrigated 8roas as well as in high rainfall arces,

in such axeas legume grains, oilsueds, millets are
mostly gEoWn, buat production per unit area is two low.
Owing to shoXteges of production of oilseueds and pulses in
the world, their increase in production is utimost important
without sacrifice the sres of cereal/millet cxops.
Practically increase in production of pulses and oilsseds
are not possible, unless the cropping intensity is increased.
there are number of ways and concapts of increase in
cropping intensity to gain wmore ecouonic retarns per unit
sraa per unit time. Among them, intexcxopping is well
gecognised all over the world as the best davice to achieva
optimum utilization of soil water, mutrients and sunlight
in tine and space, "Growing of two or more arops in

associstion, on tha same pincce Of land so as to exploit it



efiectively and nt:.ici.cntiy. may scientificaliy be termed
ap intexcropping®.

cxop compatibility constitu 3 an essential
ingradisnt for the success of an inteXxcropping systens The
growth rhyth: . durxation and the capscity to photosynthe-
size on low light intensities are some of the importont

exiteviq  .n the selection of & companian crop.

puring lsat three decsdes, ths population of ocur
countxy has incressed 320 miilion (+ 30 3.). vheress the
pet sown area could increase by 25 milllon (20 %), hence

adapting such efficient cropping aystem is very imporeent
to weet the challenge of population explosion.

sorghulk, an impoxtant cxop Of M«Pe, i3 inherient
vexy efficient and £its well io the intercxopping systems
with legumes and cilseeds such as pigeonpea, soyhean,
groundnut, green gram, biagk gram and coupea giving 10-15 %
extra monetary returns than sole croppiogs The technique
of wide, pasired rows (30/5%0 om) in sorghum dows not affect
its yield, becsuss it is grown st full sole (optimum) plang
population by manipulating the within row spacing bue
providaes additionsl space which thus, gets more solar
energy forx photosynthesis.

uoybean and pigecnpes in pulses arxe alaso being
gsown in iarger sres and commands good position in our
state as £0r 88 production is concesned oo Similexly



sunflower is newly introduced crop, now widely popularising
day to day among farmexs as mixed crop or as inmtercrops
with different crops, but mo scientific recommendstion with
sorghum has been made till yot.

The success of any intercropping system would depend
upon the crop compatibility. Hence it is important to
choose intercrops on the basis of thelr compatibility. The
pogtern of planting and matuxity of intexcrops couid be
adjusted onthe basis of sctive growth pariod and

physiological characters.

with the availability of high yielding verieties
of\vaxyinq growth habits and duxation, adequate plant
popuiation, proper plant protection measures balanced
fertilizer spplication, the aim of intercropping is now
mope towards augumenting total productivity of dryland

aretge

In the prescnt study, compatibilicy of sorghum with
soybean, pigeonpea and sunflower &xe to be tested in
intarcropping system under different plant population.

Keeping this in view, & study on “Optimizing the
yisld recovery of soms pulne, oilseed and high value crops
for increasing the profitability of sorghum based cropping
aysten® was conducted during kharif 1968-89 for following
investigationss



i,

2

3

4o

To compare feasibility of intercropping with
sole sorghup under rainfed conditions of Malwa

txact.

mo evaluate the compatibility of soybean,
sunflower, and pigeonpes with sorghum, plonted
4in variable ratics.

o assess the eftect of intercropping system on
the growth snd blometrxie parsmeters in contrast

tO 80L@ CEOPPilge

16 develop an econonicel relationship in sorghum
based intexcropplng systdle
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CHAPTEIL » IX

REVily OF "X

ihe research work done by various scientists 4in
ingia ana abroad on different aspects of the sorghum based
intercroppiag, perticularly with pigeonpea, soybesn ang
sunfiower, has been briefly reviswed ian this chepter (in

chronologicel ordar).

2ed of soxghum ¢ oD SEQp gxowth and vieid

Bay- (1977) reported thet sorghum cultivar § o
consistantly out ylelded cv. serens with an average grain

yield of 7.19 and 6.02 t/ha respectively.

panwar and Jadhav (1977) and Raghunath (1977)
reporced CsH-1 and CiHe3 ware high yielding sorghum hybrids

irreaspective of their sowing patternz.

shrivastave and Lingh (1980) reported that grain
snd axy fodder yleids ot soxghum were higher in cve T 4
than in hybxid Cillel grOwn umiex xéluied condition,

Bueno (1982) observed in Iowa (USA) that height of
sorghum genotypes was affected with the row apacing and
plent denmity, whereas there wes no effect on the maturity,

Trial conducted under A1l Indis Cooxdinated Soxghum
Improvemeng Project at Indorxe, Umat (1984), Rathore (198%)

Sy



and Deshmukh (1986) showed that sorghum hybrid CsHe9 gave
higher yield than CSH=6, 5PV~-346 and SiV-351,

2.2 Influence gf IOw arrang on grop growth and yield

Chandravanshi (1975) ruported that sorghum grown in
paired rows 30 cm apart with inter-rowespacing of 60 cm or
in single rows 45 cm apart gave ylelds of 2.85 and 2.57

tonnes/ha, respectively.

shelke and Krishnamoorthy (1978) st ICRISAT found
that in two rows of sorghum 45 cm apart alternating with
one xow of pigeonpes had no adverse effect on sorghum grain
and gave a small but congistant increase in pigeonpea yielgq,
which was 60«70 . of the sole crop. In sorghumepigeonpea
intercropping (4:1, 234 and 1314 rows) the plant height,
number of grains, test weight and dry matter/plant
increased, while the yield of both crops decreased with

Gecrease in the mumber of rows (Hiremath, 1979).

satysnarayean gt al. (19792) &also observed that
intercropping ©f soybean and groundmt with sorghum in rows
60 om apart had no adverse effect on sorghum yield and gave

an sdaitional yield.

willey (1981) also revealed that the planting
geometry of important intercropping combinations at ICRISAT
were (8) sorghum/pigecnpea (2:1 rows and 100 % component
population) (b) pearl millet/groundmat (113 and 25 + 75 %)
and sorghum/peerl millet (13l and 50 % + 50 %) .



sececording to singh (1881), the spatial pattern had
only marginal efiects on sorghum yield but greatly affected
the yields of four intercrops vizes green gram, black gram,
cowpea and groundnut. waghmare et &l., 1982 also reported
paired sorghum (30/90 cm) with two rows of intercrop in
between 90 cm space gave maximum yield of sorghum and
intercrops vizee soybean, green gram and cowpecge In sorghun/
pigeonped (2s1) intercropping at ICRISAT the pigeonpea was
sown in every third row but the population of each crop was
maintained at its full sole crop level (100 3% sorghum +
100 s pigeonpea i.e. optimum population of 1,80,000 plants/
ha of sorghum and of 40,000 plants/ha of pigeonpea) by
reducing within row spacinge The ary matter accumulation of
intercropped sorghum was only plightly less than sole
gsorghum and grain yields were semilar (4240 and 4500 kg/ha
respectively) . Thus despite the high sown preportion of
pigeonpea are almost full yield of sorghum was achieved by
maintaining the full gorghum populetion (whilley et 8le.,
1982) « From the trial conducted under All India Coordinated
Research project for pryland hgricalture (AICRPDZ) at Indore
recommended the intcrczopping system as (a) sorxrghum/
pigeonpea (2312 or 231 rows) (b) maize/soybean (212) (e)
pigeonpea/soybean (234 or 216) (@) maize/pigeonpea (212
or 211) and (e) sorghum/soybean (232 or 211 rows)
(Anonymous, 1984) .

Umarani s& glo (1954) reported pair& Bystan of
planting incretsed the sorghum production by about 24 % in



below noxmal situation of rainfsli (78.75 cm). whereas
uncer good rainfall situetion, pleénting pattern did not

show any differences

In the study undexr LICRPDA at Indore early sorghum
Cole6 intercropped with medium maturing pigeonpea like
Noe148 _/and Khargone=2 wes found sulteble for rainfed areas.
It recommended sorghuny/pigeonpea and sorghuny//soybean under

232 or 231 row arrangement for both (Anonymous, 1984).

2.3 Influence of gerghum biascd intercropping on
crop growth end yield

2.3.1 Cereal/legume in ing

igbools and Fayemi (1972) found that the yleld
increased in cereals when intercropped with legumes might
be due to availability of biologically fixed nitrogen by

legumes toO cereala.

rao and Rana (1980) interpreted the data obteined
£rom several All India trials and showed that the bage crop
sorghum and intercrop legumes gave 90 to 95 and 43 to 57
per cent ylelds of their sole cxop, respectively.

mefra gt 8l. (1981) suggested for yield stability
sorghum to be repleced corn in corn/legume intercropping
without seducing legume yield, because sorghum is less
affected by westher in North-khast Brazil,



2.3.2 :orchum/pigeonsea intercropning

In a sorghun/plgeonpea intercxopping system erect
type pigeonpea genotypes were found better than spreading

type for intercropping {venkateswarlu, 1969),

hecording to willey and Rao (1979), the data of 94
experiments revealed that the SO!Qthigeonpea intere
cropping was more stable then sole cropping of both cropss
Reddy end Ready (1980) a3lso observed that under rainfed
conditions the pigeonpea ylelded 1.09 to 1.13 t/ha as sole
crop, but its yiela was much reduced when intercropped with
sorghum and cowpea. However, later crops gave the high
pigeonpea seed equivalent yields of 2,52 to 2.57 t/ha.
pigeonpea cultiver Ho.148 wes found better then prabhat
when 1nter§r0pped with sorghum hybxid CsH-6 had no adverse
effect on sorghum yield and gave an additional seed yield
of 342 ky/he (Bhalerso and Upadhyay, 1981).

ssiru and Ribiru (1981) reported thet yields of
mixture of sorghum/pigeonpea and f£inger mille/groundnut
were large in comparison to respective seed crop stands.
The best combinations cf the sorghum based intercropping
were with meize in central america, millets in vwest Africa

and plgeonpea in India (willey gk 8l., 1982).

This etudy &lao showed that although the pigeonpea
component suffered considerable competition |reduced

branching) during the period of sorghum growth,it partialiy
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compensated lster (little efiect on pod bearing branches)
and was finally able to produce dxy matter yieid equivelent
to 53 % of the sole crop. Lince the sorghum competition
largely suppressed the eorly vegetative growth of pigeonpes,
the harvest index was incressad from 22 per cent in sole
cxopping to 30 per cent in intercxepping thus the inters
cropped pigeonpes saed yield was very considexsble as 72 perx
cent of the sole crop (willey ot al., 1382).

in the study under AICRPDA at Indore, early scrghum
CiHm6 (95=-100 days) intercropped with medium maturing
pigeonpea like NCe148 (165170 days) and khargonewz (150155
days) was found suitable foxr xainfed areas of Melwa region
@ HoPe (hnonymous, 19684). Umat (1985) suwanarised the result
of the experiments conducted on sorghum based intercropping
under AICSLp at Indore showed that intercropping besed on
sorghum gave hicher yleld than scle cxopping pigeonpes anda
soybaan gave stable yield and 60 cm planting pattern was
best. Best planting pattern in soxghum (CSH-6)/pigeonpes
{(K=2) intercEopping was soxghum rous 60 cm apart with one
row Of pigecnpea, foilowed by sorghum paired rows (30/90 em)

with two xows Of pigeonpes.

Umat (19064) zevedled that soxghum hybrid CiHe9 sna
pigeonpes C-11 gave the highest yle d sssole crop ss well
es in intercxoppinge Yhe crop yleid being not affected by
pigecnpes plact deasity of 40 end 80 thousand plants/ha,
Gimilor results weie &lso obtalined by Hathore (198%),



whereas Leshmukh (1986) obtained highest total groin
production frxom soxghum CiHe9 with pigeonpes Ho, 148, although
total productivity of graine did not vary significontly
betwenn CiHe9 + H0148/Cell OF CSH=6 + N0.148,

Hunshal at ale (1987) reported that intercrops red
grem (UpAS 120), green gram (5=9) and soybean (Bragg) had
no sdverse effect on yleld and yleid components of sorghum.
tie further concluded in relatively better years of rainfall,
the popuiation of sorghum in the intercropping system
recozded highex grain yield over its 50 % plant population,
wheresa the yleld of sorghum was less affected by intexe
cxopping than those of gxein legumes. Between the two grain
legumes, selacive yie.d reduction in the intercrops f£xom

the respective 50le CIOps was mOre in mMoong bean than in

pigeonped.
2.3.3 goxehus/

chendravanshi (1975) concluded that intercxopping
of sorghum with soybesn resulted in reduction in yleld of
grain soxghume ia his tzrial in 197273 sorghum in pure
stands or intercropped with soybean, groundnut and moong
gave aversge grain vield of 3.18, 2.44, 2.5 and 2,71 tonnes/
has respectively, whereas at the ICKISAT, the intexcrops
suybean, cowpes and peerl nillet with bese crxop sorghum
wore found to be relatively non=competitive and utiiized
the environment most effectively (ICRISAT, 1978).
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willey and kao {1979) observed thet soybean was
better then cowpes as intercrop with sorghum in alternste
row pattern. soybean ylelds with tall sozghum wag 168 % lass
than those with short sorghum s & result of decreased pods/
plant and seeds/pods Tail aorq?um cultivars were however,

more productive than short cultivars (Elrore eg al.,1981).

Waghmare ot al. (1982) concluded the findings of
experiments condicted a8t (iil, dew Deihi that sorghum in
paired rows (30/90 cm) with wwo rows of intercrops between
90 cm space gave the maximum yleids of sorghum and interczops,
Crops used 88 1NTEXCXops were soybean, gresn gram and cowpea.
whereas in the study AICIPDA st Indore sorghumy/sovbean (212

ox 23l rows) was round sultalle for Melwa tract (Ancnymoug,

ig64) .

Hunshal ¢t gl. (1987) reported that intererops viam.,
rod gram, gresn gram and soybean had no adverse effect on
yield and yield components of sozrghum,

2.3.4 sgxohun/ Antekcronping

paleaisppan gt &l. (1975) reported that sunflowex
whaen intercropped with soxghum depressed the yield of

sorghume

2.4 of acrxohum bhosed eB
oxain preduction

hgboola and isyemd (1972) found that yieid of cereal
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increased when interczopped with 1 gumese Thiz was probably
due to biologically fixed nitrogen by legumes svailabie to
cerasl, At iIndore Chandrevanshi (1975) found thet interxe
cxopping grain soxghum with soybean resuited in a reduction
in yield of graln sorghume vhile at Hydaxsbasd in Intere
national Crops Resesrch Institute for Semiearid Tropics

it was indicated £xom the annual report (1975-76) that when
basa crop of plgeonpes snd sorghum were interciopped with
pearl miilet, soybasn 8nd Cowpaa, the intercXoppling systens
were relativaly non-competitive and utilized the

eaviromment most effectively.

killey and Reo (1979) Zound that on red soil,
soybesn sevined a rather betier intexcsop than cowpes in
alternate Iow pattern with sorghum and gave extrs yieid

as comparedtd sole cFopse

Reddy and Reddy (1980) found that seed yield of
pigeonpea in pure atand was 1,09 tc 1.13 t/ha and its
yield with sorghum and cowpes a8 8 mixed stind was vexy
less, but they gave the highest pigecnpes seed aquivalent
yielids Of 2452-2.57 t/ha. While it was reported that ylelids
of mixtazres of sosghun/pigeonpes and finger millet/
groundnut were ierge in compariscn to respective sole crop
sconds. Lsiri and Kibra (1981), bhalerac and Upaghyay (1981)
repokted that intercropping of pigeonpes in between wide
rows ot 8oEghum had no adverse sffect on soxghum yield and
gave sn adaitional average sesd yieid of 342 kg/ha. oingh
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(1981) yieid increage: by 21.6, £0e3, 28.3, 36.5 snd 14,2
per cent vhen grown in association with green gram, black
grem grain and fodder cowpee and groundnut respectivelye
vwhen compsred with soxghum elone. i.illey gt al. (1981)
sugcestel that 8s a sole crop, pigeonpea wes reiatively
inefricient because of its low ianitial growth rate and low

haxvaest iadaexe

Umat (1964) and Hathorxe (1985) found that scrghum
CuFie® with plgeonyea C=1l1 gave the maximum grain production
but it was 8t par with pigeonpea Lio.148, wheress Leshuukh
(i1966) found maximum total grain prodiction from soxghum
CtiH=9 with plgeonpea Ho. 148 nesrly followed by totel grain
produrtion from sorghum CsHw9 with pigecnpeaa Cell, but
vields in both were at pars

fn a trial conducted under AICRPDA st Indore duxing
1585.86, sorghum hybrid CtH-5 with pigeonpea veriety
58 71-37 gave highest grain production (5974 kg/he) followed
by in order by the sorghum varieties, SPV.462 (3972 kg) and
5pV-351 (5933 k#g) per ha, (inonymous, 1986). Lhereas in the
incercxopping the scrghum hybrid CtHe6 with pigeonpea
genotype iS 7137 gave highest grain production {4138 kg/ha)
followed in ordexr by the sorghum veriety Siv-495 (4130 kg/
he) ang sorghum Culae5 (3953 kg/ha) (Anonymous, 1968),



245 2% gurghum baseg on .end
Kagio (LBK)

Paghalkor and Rao (1975) reported that the highest
LER Of 1.54 wias found in sorghwy/pigeonpes followed by 1.43
in sorghum/soybasn end 1.26 in sorghwi/groundnut inters
cropping &t Hydersbad. But at lndoxe ahdex Méu&? triala,
the sorghum baped Antexcropping with pigeonpes, soyvbean and
grouncmut yielded oER of 1.38, 1,46 and 1.31 zesp&:eivcly
(/i ponymous, 1976) » ¢+ txial wos conducted by vahua and
willer (1978) at USA and found B8 w 11 per cent yield
adventages in sorghun/aoybeen interczopping, whersas Mohta
end De (1980) concluded that growing soybean in betwsan S0
cm zow of soybean (1,80,000 plonta/ha) gave the highest LER
of 1.35%5 in india.

The pooled results of 40 experiments concluded by
RICEIY, HICHPLA, ICRISAT eto. at different places of india
during 1972-73 revesled that the LER of soxghum/pigeonpea
{2s1) intercropping was 1.46 (ka0 and willey, 1981).

¢

yaris et §ke (1983) reported thect the main relative
yield advantage of meize/cowped, msizw/besn, sorghum/cowpea
and sorghum/besn intercrcpping petterns was 32 per cent ss
indicated by LER in HoxtheLest Bxasile.

At Indore un.er AICRPLA sorghum (CiHe8) with intare
crops plgecopes end smoybean yielded LER of 1,53 and 1,13
respectively {(inonymous, 1964). Umat (1964) and Rathors
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(1385) .ound maximum ~ER in sorghum (5pPV-351) + pijeonpea
(C=11) combination, whereas Lushumakh (1986) repoxted maximum
LR in gorghum (CiHa6) ¢ pigeonpea (C=11) conbination.

in the study unuer ~iCRPLA at indore duxing 198566
the intexcgop conbinetion of soxghum hybiid Cibe5 ang
pigeonpes i& 71-37 gppeared w be the most productive
giving LER of 1.64 followed by sorghum hybrid Cilte6 «
pigeonpea 53 71-37 i.e. 1.54 (inonymous, 1986).

246 gf sorghum based on
;et:um

ht Udaipar, shrivastave ond Singh (197%) found that
the sorghum based intercxopping with pigeonpea, black gram,
groundnut, green gram and soybean gave the net profit of
KBe7260, 6505, 6410, 5210 and 5055 respectively, the net
return £xom soie sorghum being Re.4745/ha. while “arhalker
end keo (1975) zeported that the gross monetary xetura from
sorghumy/pigeonpee, sorghuny/scybesn and sorghun/groundnut
intexcEopp-ik were He.b422, 7806 ang 7521i/ha Fespectively
and for sole sorghum it was Rpe.6772 at liyderabad.

ramies gt al. (19680) reported pigeonpea/groundnut
as nore profitsble then sorghum/pigeonpea and soybean/
pigeonpea in Tamilhadue Under raiifed conditions Jachay
Grrclerded ‘
st 8l. (1963) ¢ L. that intercropping of gresn gram
and groundmit in paired planting Of sorghum inoresssd the

monestery returns by 9.91 and 13.77 par cent respectively,



ey

the experimental finaings of FICHIP and AICKPLA during

the past decade iu India vere sumwerised by willey gt 8l.
{1982) and found that the scrghum bagsed intercropping with
diffurent legumes such as pigeonpea, soybesn, groundnut,
cowpas, green grén etce weke protitaiie giving the monetary
returans of 10 to 50 per cent more than the sole cxop
depending upon the location and the type of intercropse.
sorecver, the sorghun/pigecnpes intercropping was found to
pe profitable, stable and ideal for rainied conditions in

indie.

verma and Yadev (1983) calculated the monstary
returns for sorghun/pigeonpes, sorghun/groundnut intex-
cxopping and for sole sorghum which was ii3.7641 to 8581,
7660 «nd 6806 to 6836/ha respectively. They fuxther stoted
that teking scrghum (C5He5) in 30 cm peizxed xows and
planting one sow of pigeonpen (UPAS 120) in 60 cm space
between @ach pair of rows was the bust pattern giving the
higheat gross income o0f Ke.85831/ha with & profit of Ra.
171%/ha over that of sole sorghum (ks.6806/ha).

Unat (1984) reported thit the highest monetary
retarns Of 1s.5226/ha was obtained from the treatmont of
soxghum hybrid Cilke$ intercropped with pigeonpea gemotype
cw31 (40,000 plants/ha). Similer findings were observed
by kathore {1985) with maxisum gross monetary returns of
e 5688,66/h&s In the same place under AICRPDA trisls the

soxg um besed .ntercropping with pligeonpes, covbesn ang
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GEOUNULUL yove the Fospecti~e gross munatisy Fetulias of
RpeS61d, 9954 und 6058. «or BOle sOXghum it was i8.5304.63/
ha (suonymoas, 1304). Lamilarly for the above mentionad
intercropping system and for scle sorxghum the g:éu. ROpotaEry
rotarns weis 1566370492, 5617.93, 6200.89 and 538¢.63/ha

respectively {(Jmat, 1989 .

similiasrly is 2o experiment under AICRYIV. at laodore,
iatexcroppling sorghum hybric Ciled with pigecnpes variety
AS 7137 gavae highest monstary return (Ks.12775/ha)
followed in order by the sorghum varieties SpV.462
(RB+12419/h8), 57V=351 (18.11980/hs), hybrid Cshe9
(§i6+11920/h3) and variety SiVed75 (Rs«11431/ha) which were
at par. ip the same year in an another expaeariment with
100 » &pd 75 % plant populstion of sorghum and piguonpea
gave maximim Jross wonetary raturn nearly followed by
100 % snd 50 % pa.ant popalation of sorghum and pigeonpea
Tespectively (inonymous, 1966) ¢ bOxghum hybrid CsHe8 with
pigecnpes variety »5 71«37 also gave highest monetary
returns (sse1172/ha) followsd in oxuer by the soxghum
variety S5oVed75 (k8.10468/M18) o HyDIid Chlied (i3.9254/ha)
anG varlety 6#V=-462 (Re.9111/ha). in sole cxopplng, sorghum
hybrid CHH=6 and CiHe5 gave high monetary returns i.e.
58.6581/hs and ke.3881/he respectively (inonymous, 1968) .



MATERIALS AND METHODS



CHe Plivh = Lid

MATERLALES AL MESHU

This chaptexr dedls with a precise deseription of
the materials used and the methods adopted during the

course of the investigations.

3.1 ntal gite

The present experiment was conducted in field No.3,
igriculture Resesrch Farm, College of Agriculture, Indora
(M.Pe) during Knarif season of the year 1983.89, Thig
experiment was 2 part of All India Coordinated Sorghum
Improvement Pro ject agronomy experiments to be conductead

at Indoree.

3.2 Climate ang 293800

indore is situsted in Malwa Plateau, wWwest of madhya
pracesh having s latitude of 22.43° orth end longitude of
75.66° past with 555,5 metres sbove mean sea level, This
region comes unuer sub~tropical climate. Most of the
rainfall is recaived during mid-June to early Uctober,
temperatire rangaes 7°c w 9% in wincer and 23°C to 41%

in summer season a8s minimum end maximum.

The meteorological deta i.e. average weekly

temperatire (°%¢) maximum snd minimum, mean relative
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humicity (»), weekiy reinfal. (mm) chat prevailed during

the period of crop growth presented in toble 3.1 ang Fig.

3.1 uncer standard meteorological weckse.

18ble 3.1

Month Standard Average weekgy
temperature C

veelt

June 88

July 88

Aug. 88

Sopt.88

lateoroloyical observations during the period
of investigation £xom June 1988 to Jan, 1989%

23
24
25
26

27

29
30
31

a3
34
35

36
37
38
39

Maximum Mindmam

41.86
39.79
34.47
33.79

32.43
31.43
30657
28493
29.50

28.93
30.50
28.21
30.72

32,79
32.86
31.57
30.76

27.56
27.21
24.57
26,04

24.79
24.79
24,71
23,57
24 .64

23.86
24.50
24414
24,29

24.93
24.21
23.86
24.21

Mean
relative
humidity
o)
60.46
62,00
82,57

74.79

80.29
87.00
68,26
93.14
91.30

9157
91,00
92.57
88.14

85,71
84.70
91,57
90.86

viackly
rainfall
(o)

1,52
22.45
6,85
48476
18,26
95.49
121.45
59,16
56:04

L8.88

175.86
20,30

42.92
92,11
62,40
contdesee

Average
weekly
EVED0-
ration
{mm)

12,03
9.70
5.51
4.92

4.71
4.02
3.11
3.13
3.51

3.51
3.70
2,55
3.08
4.7
3.92
3.77
3,07
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Tebie 3.1 (contd....)

Month stenderd Average weekly K'b:lan veekly Average
week o, relative rainfell weekl
temperature C humicity ev v
Maximum Minimum (i) () ration
Oct. 88 40  30.21 22,71 87.29 110,53 3.40
41 30.86 18,21 74,71 3.89
42 34.00 19,50 64.71 4456
44 32.64 14.6¢ 50.71 4.21
Nov. 88 45 31,29 12.21 55.7 1.27 4.16
46 30.43 10,50 49.97 4.06
47 30.07 11.29 83.57 3.67
48 27.86 10.86 .55.07 3.32
Lec. Bb 49 28.43 9.21 53.32 3.12
50  2B.86 9.93 54.86 3.05
51 29.29 10.79 51.71 3.08
52 26,50 8.67 70.64 3.03
Jan. 89 28.14 10.21 59.57 3.32

wrata recorded from meteorological observatory under All
India Coordinated 1.esearch Project on Uryland Agrlculture
College ©f Agriculture, Indcre N
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3.3 goil

The soil of the experimental area was medium hlack

cleyey soil with uniform topogrephy.

refore sowing, the surface soll samples (0-22.5 cm)
were collected randomly with the help of soil auger from
the experimentsl field. The samples were mixed to prepare
composit sample which was air dried, sieved through 2 mm

sieve and used for analysise

The mechanical and chamical compositionof represente
ative soil samples were carried cut in solil tescing
1eboratoxy ©f the Collega of Agricalture, indoxe. ihe
apa.ytical results are presented in teble 3.2.

Teble 3.2 Mechanical and chemical composition of
the soil of the expurimental field

SN Composition Content iscthod
A. piechsnigal
sand 13.48 % Hydrometeyr
s1le 33.64 % Hydrometer
Ciay 52.88 » Hydrometer
B Chemical
pH 7.8 pH’ meter (glass
electrode)
lectrical 0.15 nwhoa/em Conductivi
conductivity meter at 2§
uvrganic carbon 0.65 % (low) wWalkley and

Black's method
svailable nitrogen(l) 235 kg/ha{low) Alkaiine

permengnate method
fHvallable 19,0 xg/ha Coloxim
phosphozus (9205) {medium) ster

Avaiiable potash(K O) 610ky/ha(high) iiame photometex



Chamicel ana.ysis revealed that the solii of the
experimental field was calcareoas with slkaline reaction
and high water holding capacaity. {t was also observeda that
the soll was low in available nitrogen and phosphorus but
high in availabie potash. ihe results of mechanical ansiysis
indicated that solli was clgy in texture. iue to the
dominance of montmorillonite and high clay content it had

sweliing and shrinkege property and high cation exchuonge

capacity.
3.4 previous g histoxy ef zhg

qihe crops grown in the experimental f£ield during

lagt five years are given in tabie 3.3.

Table 3¢3 Cropping histoxy of axperimental f£ield

Yeax Kharif Rabi
1984-85 sorghum whest
1985-86 Soybean tiheat
198687 Soybean wheat
1987-88 Malize+Pigeonpea

1988-89 Experiment

3.5 Letolig of

she experiment was liaid out in simpie randomised

plock design with three repiications. Lach replication had



13 treatment coibinaticnse The «ctualiplan of layout is

given in Fig.3.2.

3.5.1 rim design and detailg
(1) Experimental design kandomised block design

(ii) Number of replications Three
iii) Number of treatnents - 13

(iv) Total number of plots = 13 x 3 = 39

(v) Gross plot size - 9 x 6.3 m®m 56.7 s3gq m
{(vi) Ket plot aize « B x 5.6mm=43.2 8qm
vil) Distance between - 1w
replication
viii) Iistance between o - 0S5 m

plots in 3 repiicetion

(ix) how arrangement
(a) soxghus, CiH-6/pigeonpea (2:1)3

Two Fows oi soxghum speced 45 cm apart alternating
with one row of pigecupea at a distance of 45 om £xom
soxghuwm Xows between 90 cm intex pair (10 rxows of sorghum
and 4 rows of plgeonpes per plot. within zows plant to plent
distance 12 cm and 20 cm wos kept for sorghum snd pigeonpea
respectively. maintaining 6G.6 % plant population of

sorghum to its sole treatment) o
(b) Sorghum, Ctl=9/pigeonpes (231)s

Two rows of sorghum spaced 45 cm apart alternsting

at & distence of 45 cm from soFghum rows batween 90 eam int
er
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pair (10 rovs of sorghum and 4 rows of pigeonpee per plot
at 12 cm and 20 cm planting alstance respectively,
maintaining 66.6 » plant population of sorghum to its sole

treaunent) «
(c) sorxghum, CsHe9/pigeonpea (333)3

Three rows of sorghum plonted 45 o apart &lternsting
with three rows of plgeonpea with 45 em row to xow distance
(8 rows of sorghum and 6 rows of pigeonjea per plot at 12
cm ané 20 cm planting distance, respectively, maintaining

50 % plent populstion of sorghum to its sole treatment).
(@) soxghum, csH=9/suntlower (333)3

rhree rows of sorghum pianted 45 cm spaxrt alternating
with threc Xows of sunflower with 45 em row to row distance
(8 rows of sorghum and 6 rows of sunilower per plot at 12
cm and 20 cm planting distance respactively, malntaining

50 » plant population of sorghum to its scle treatment).
(&) soxghum, csH=9/soybesn (333)3

ghree rows of sorghum planted 45 cm spert alternating
with three rXows of soybean with 45 cm xow to row distance
(8 xows of sorghum end 6 rows of soybecn per plot &t 1i cm
and 5 cm plaating distance respectively, maintaining 50 %

plant pOpulation of soxghum to its sCle treatment).



(£) worghuwn, Coleg/pigeonpea (434) s

¥our rows of sorghum spaced ¢5 cm apart alternating
with two rows of pigeonpea, with 45 cm row to row distence
(10 xows of sorghum and 4 rows oi plgeonpea per plot at 12
om and 20 cm pianting distence ’zespecci.vely. maintaining

66,6 % plant population of sorghum to its sole txecatment).
(g) soxghum, CsHe9/sunilower (432)s

Four rows of sorghum spaced 45 cm &part a2lternating
with two rows of sunflower with 45 cm row to row éistance
{10 rows of sorghum and 4 rows of sunflower per plot at 12
cre and 20 cm planting distance respectively, maintaining
66.6 % plant population of sorghum to its soie in the

occupled rows of soxghum).
(h) sorghum, CiHes/soybean (412) s

Foux rows oi sorghun spaced 45 cm apart alternating
with two Xows of asoybean with ¢5 cm row to Xow distance
(10 rows of sosxghum and ¢ sows of soybean per plot at 12 om
and .5 cm planting distance respectively, meintaining 66.6 %

plant population of soxghum to its sole txeatment).
{1) sole sorghum CEH=938

14 rows of sorghum with 45 cm row to zow distance

and 12 om plant to plant distence.



(}) sole soxgham, CoH-61

14 rows of sorghum with 45 cm row to row distance

8ind 1z cm plant to plant distsnce.

(k) wole pilgeonpess

14 rows of pigeonped with 45 cm row to row distance

angd 20 cm plent to plant distance.
(1) uole sunflower?:

14 rows of sunflower with 45 cm row to row distance

and 20 cm plant to plant distance.

(m) !(.ole soybeant

14 rows Of soybesn with 45 cm row to row distance

and 5 cm plant to plant distance.

3.5.2 ZIreatjents

There were 13 trestments.

he
1. sorghum (CsH=6)/pigeonpea (C=11)3 231 zow proportion
2, Soxghum (CsHe9)/pi;eonpes (C-11)3 231 row proportion
Be Syatemy

3. soxghum (CiHe9)/pigeonpes (G=11)3 323 rxow proportion
4. Sorghum (CSH=9)/sunflowex(Modern);33s3 row proportion
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At

5, sokghat (CoH=9)/soybean (Jb 12-44)7 333 row propoxtion
6. Sorghum (CsHe9)/pigeonpea (C~i1) 7 432 row proportion
7. sorghum (Cul=9)/sunflower (Modern)) 432 row proportion

8. Sorghum (CSHe9)/soybean (Js 72-44)7 432 row proportion

Ce

9, sole sorghum (C5He9)
10. tole sorghum (CSH=6)
11. sole pigeonpea (C-11)
12. sole sunflower (Modern)

13, $0le soybean (Js 72=44)

3.6 yariegel cha
3.6.1 gJorghum ul

3.6.1.1 gg’i"ﬁ

CcsHe6 is a cross Of 2219 i x C5 3341, the plants sre
ebout 160 to 180 cm tall and mature in about 95 to 100 days.
The grains &re pearly white and elliptical in shape. The
upper leaves are narrovw and painted upwards (crectophyll)
and hence this genotype is suitable for intercropping. “he
grain yleld is ahout 30 to 36 g/ha.

3e601e2 CSH=D

Cc5He9 is 8 cross of 298 A x CS 3%41. The plants are
ahuut 190 to 200 cm tall and mature in about 110-115 days

The leaves are broad and long. 1he panicies are semi-compact



and beer round, bold and pearly white grains, The averige

grain yieid is axoumdi 35 to <0 g/ha.

3.6.2 piggonpea g
3.6.2.1 C=11

It matures in about 180 to 210 days. The saverage
grain yicld ranges from 15-20 ¢/ha. The grains are bold and
red in colour. The test weight (1000 grain weight) is about
100 g» This variety is vell suited in Malwa region for both

types of cropping i.e. sole as well as interxcropping.

3.6.3 Sunflower geno
3.6.3.1

it matures in about 90-95 days. The average grain
yieid zenges from 10=12 @/ha. The grains &are black in
colour. the test weight (1000 grain weight) is about 65-70q.
This varicty was recommended for gener:l cultivation in 1980
and is well suited in Malwd reglon for sole as well as mixed

croppinge.
3.6.4 goybean
3.6.4¢1 dJ8 I12-44 (Gauxava)

It is a crass of D 60-9647 x iC 7034. Plant height
veries from 55 to 60 cm. Plants are determinate. It flower
. .

in 40-42 days end matures in 104=106 days., Flowers are

ull
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purple, resistent w shattering. veeds sre weadun 1 sile

with 1000 seed waight of 90 g.

3.7 ails of £ield ers o
3.7.1 Pr io on the field

The field was ploughed once with tractor followed

by herrowing amd plankinge.
3.7.2 rer ilizer a lica

Witrogen, phosphorus and potash were applied through
area (46 » H)e singyle superphosphata (16 i P 0g) and muriate
of potash (60 % K0 raspectively. kntire guantity of
phosphozus and potash i.e. 40 kg/ha each, and 50 i» dose of
aitrogen lees 40 kg/ha were epplied basal.ye iurrows were
opened 45 cm apart for application of NPK. Remaining nitrogen
1.8e 40 kg/ha, was given as side dressing (6«8 cm away from

rows of goxghum) when sorghum was 30=35 days old.

pasal application of nitrogen {20 kg/ha) ang
phosphorus (40 kg/ha) was done by placing fertiliger in the
furrows opened for pigeonpes and soybean each beiore
seeding, whereas nitrogen to sunflouwer wias given & 40 kg/ha
end phosphorus & 40 kg/he as basel dressing in the similer

w8Yye
3.7.3 Seed

pure, healthy and good quality seeds weze used for
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sowinge. The seeds 0f sorghum varietics ClHed and CSHe9,
pigeonpes variety C-11 wemreceived from Project Coordinstor
(sorghum) , Hyderabad, while seeds of Js 72-44 variety of
soybesn and modern,variety of sunflower were taken from

Heserrch Farm, College 0f Agriculture, Iindore.
3.7.4 Heed roeaum

Treated seeds of sorghum a8nd pigeonpes received from
project Coordinator (Boxghum), Hyderabad were used, while
the sunflower and soybean seeds were treated with Thiram
¢ 2 g/kg of seed to escape from fungal diseases. Afterwards,
soybean seeds were also treated with Rhizobium culture @

3 g/kg of seed just before sowing.

3.7.5 Time and method of gowing

The sowing was done on 28th June 1988 of all the
crops eimultaneously. In all the plots, sorghum, pigecnpea
L 4

sunflower and soybean were dibbled in rows at a depth of
about 3=-4 CMs
3.7.6 zhioning

rhinning was done by manyally afser 15 days of

sowiny to obtain the desired plant population.

3.7.7 needdg

Two weedings were done by mamial labiourcr on 12 ang
€

27th July 1988.
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3.7.8 Top dressing

Top dressing with nitrogen in the form of urea at 40

kg ii/ha was done only in sorghum lines on 27th July 1988,

3.7.9 Pplang

1s,avin® s grapules were 3pplied in leaf vhorls of
sorghum pilant ¢ 10 kg/ha in the early stage of crop l.e. on

3rd hugust, 1988.
3.,7.10 Harve ti

First of all gusrd rows were harvested for getting
net plote. The five tagged plants for recording the post
harvest observations were harvested separately before

co‘“plete hagvestinge

First of &il suntlower varisty modern was harvested
on 13.10.1988, This wes follovwed by soybean variety
Js 72=44 on 14.10,19688, sorghum variety C8H-6 on 26,10.1988
sorghum variety Cslie9 on 14,11.1988 and finally pijeonpea

yariety C=11 was harvested on 4.1.1989.

3.7.11 Zhreshing 8nd winiowing

rfter harvesting the produce of each plot was
allowed to ary in the field for 3-4 dayse. The grain yleld
and straw yleid obtalned from each plot were weighed

separately in Kg.



3.8 0Ub

»or xecording observations five plants were selected

random.y &6d cagyct in each piote

siics physivlogical growth stigus are the dmportant
porameters to indicase the status of plant growth the growth
observations were recoxded fxom 30 days afterxr sowing and at
a 15 days interval upto maturity, covering all the
phyaiological stages like initial seedling stsge, grain/pod

formation stage and maturlity stages

petaiis of the obgervation recorded during the

course of investigation are givan below.

3.8.1 ¢<orghum
3.8e30d pre-harvest sgudies
3eBeleded Ay@rase Linel pi2nt height

Averaje £inal plant height of f£ive xandomiy salected
toagged plants of sorghum per plot was measured in cm f£rom
pase 0f cob tO the base of the pisnt by the help 0f a metre

scale just before harvest.

3.8.3.1.2 Aiversgy gumbek 9F dgaves 8% panicle
SMeEGRICe

The number of functional leaves per plont was counted
on £ive randomly tagged pleants at the time of panicle



emergence when there were maximum number of functlonal lenvess
fhe leaves having moxe then 50 per cent greecn area to ful.y

emerged leaf were considered ss functional leavese.

308.1-1.3 é!!tags lgaf a;ea ps! plans ‘a_g’ ) I
(sq cm)

Five plants were selected randomly in each plot. The
length and width of the fourth leaf from the top was measured

in each plant. The leaf area was calculatw as fo:-lowa'

Maximum leaf€ length x maximam leaf width x 0.747 x
average number of grean leaves per plont (Sticker et al. .,

1961) .
3.8.1.2 PRost-harvest
3.8.1.2.1 Averaga length of panicle (cm)

Length of panicle of 5 randomiy selucted plants was
recorded in cm from the base of lovest spikelet to the tip

of the upper most spikelet.
3.8.1.2.2 GEain yeioht pek penicle (y)

srain weight of 10 randomly selected panicles pex

plot was recorded in grammess
3.6.1.2.3 GEsin yield per pigt

The produce of each plot wes threshed and winowed
separatelys ¢leaned grains were welighed and yield per plot

in kilogzam was recorded.



JeBadedsd LdesSt Helg:lg_t,

yest weight samples were drawn from harvested and
cliesued grains of each plot. Broken grains were discarxded

while counting 1000 graius.

3e8.1.2.5 Stover yield pgr plot

stover yield per plot was welghed separately in

kilogram and recorded plot wise.
JeBele2e6 Harvest i:

Jotal ary matter yleld (whole plant exclucding plant
part below goii) and grain yieid obtalined from esch plot
were weighed separately in kg and expressed in pexcentage

&g forlowss

Harvest index (i) = Total dry matter x 200

3eBelede? grain gtovsr

The grain and stover yield obtailned fxom each plot
weighed sepsrately in kg and exprxessed in percentsge as

follows?

Grainestover ratio = ttover of fodder y a 100



3.8.2 pRigeonned
v

3eBacel P__x::_g—har!est ie

The average final height of 5 randomly selccted plants
of pigeonpes was measured in cm by the help of metre scale

just before harvest.

3.8.2+1.2 MNumber of gxeen leaves per plant at ering

The average number of green leaves of 5 randowly
selected plants of pigeonpe2 was countud. Throe lecf lets

of a2 leaf was considered as cne leaf,

3.8.2.2 P03t~ atudies

3.8.2.201 Gkain yield pgr plet

the grain yleld of e:ch plot was recorded in

kilogrems separacely aftex threshing aad winoowinge

3.8.202.2 Teat weight

sample was drswn from finally clesned grain of esch

plot and weight of 1000 grains was noted in ge.

348020243 yield pex plok

pPlot wise stover yield was recorded in g by waighing

totel stover yleld per plote



3.8e2e204% GXoin ax ratio

The grain and stover yleld obtained from each plot
were. weighed separately in kg and expressed in percentoge

as followss

Grain stover ratio o x 100

Stover yleld
3.8.3 £1
3.8.3.1 pre-harvest studies

3.8.3.1.1 Final plant height

she average plant height of 5 randomly aselected
plants of sunflower was messured in cm by the help of metre

seale just bezore harveste

3e8odele2 AVELE9E pumber of f£in nal lea 2t flowers

she number of functional leaves per plant was counted
on five randomly tagged plants at the time of flowering.
ihe lesves having more than 50 {» green ares were considered

as functionel leaves.
3.6.3.2 post-haryest

The grain yield of each piot was recorded in kilogram
separately after thrashing and winnowing.



3e8e3e2e2 Test wWeight

semples was drawn from finadlly clea@ned grain of esch

plot and welght of 1000 grains was noted in g.

3.8.3.2.3 stover yleid per plot

Plot wise stover yleld was recorded in g by weighing

total straw per plot.
3.8-3.2-4 Grain er 53512

the grain and stover yie.d obtailned f£rom each plot
ware weighed separately in xg and expresssa in percentage

as f0l.i0CWSs

orain stover ratio = . ... yield x 100

3.8.¢ poybean
3.6.4.1 REg-her atudieg
3-8.‘.1-1 Final hﬂlm

The average plant height of 5 randomly selected
plents of soybean was messured in cm by the help of metre

secsle just before hacrvest.

3.8.4.1.2 Average pumber of sl leaves st ng

The number of functional leaves per plant was counted
of five randouly tegged plants at the time of flowering

amergence.



3.6.4.2 pzost-harvest studiep

3.8.402.1 Grain yield per plot

the grain yield of each plot was recorded in kilogram

separately after threshing and winnowing.

3.8.4.2.2 Zest weight

¢ samples was drawn from finally cleaned grzin of each

piot and welght of 1000 grains was noted in ge

3eBekde2e3 yieid pgk piot

Plot wise stover yleld was recorded in g by weighing

total stover per plote

FBebedod Graipn zatio

The grain and stovex yield obtained f£rom each plot
were weighed separstely in kg &nd expxessed in percentage

as followsid
Gra
Grain stover ratio = stover yield %x 100
3.8.5 gorghum and
and soybgan
3.8,5.1 gzain yield per plot

Total grain yleld in kilograms per plot wos obtsined
py sdding the grain yield of sorghum and intexcxops in

their respactive trestments.



3.8.5.2 Total land roduc ivi

To determine the total land productivity, land
eguivalent ratio (LER) for the different treatment combinse
tions was ealculated. L:R was calculated by determining the
tat;.io of the yield of an individual crop in a intercropping

system to its yleld in & pure crop 2nd adding the fractions.

LER-Y:L id of hum in i
eld of sorghum in sole crop
Yil of i in in

Yieid ot intercrop in sole crop

J.8e53 & age rn from Aff
in of ia/he

The monetazy return from different treatments was
calculated on the basis of preveiling market values of
soxghum grain & Rs.192, pigeonpea o Rk8.450, soybean €
R8.518, sunflower & i8.505, fodder of sorghum ¢ Ke.20 and

pigeonpea stover & Rs.20 per guintal.

3.9 cgatistigal i

The data obtalned from wvarlous ohservations were
snolyased by methods of anelysls of varience sugjested by
vates ¢i937). The tabie of skeleton of anslysis of variance
fox sorghum and for treatment under investigation sre

presented in table 3.4 and 3.5



Table 3.4 ' keleton of analysis of varisnce for sorghum

source of _F S5 MSs Calcalated Table value of F at
variation '

5% 1%
Rapl.i.cation 2 3.55 6401
sorghum 9 2.46 3.60
% 2.7 4 is
Total 29

18ble 345 ukeleton of anaiysis of variance for egxghum -
AASOEONE \ RiEs o PRIGrapes; SUNSIereR BN
acybean frealments

wource of DF &S HMSS Calculated Table value of ¥ at
variation L

S % 1%
Replication 2 3.40 5461
Treatments i2 2,18 2.89
LIEOX 24
Total 48

The critical difterences (CLe) at 5 per cent level
was calculated for judging the significant differences
petween diftersnt treatment means by using the following

formula given by Panse ang Suxhatme (1957)s



S eEme

& «Ema

CD at

Tabie

Table

LXyor mean sum o

= {tandard error of mean
= Jumber of replicaticns

5% = 4+ 5.Eme x /2 % t (error degree of
freedom at 5 %)

vallde of 't' 8t 18 df for 5 % = 2,101

vaiue of 't' at 24 af for 5% = 1,064

C 42
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Je CHAPTER - IV

EXPERIMENTAL FINDINGS

The data recorded on various attributes of sorghum’
and different intercrops were subjected to analysis of
variance. Results of these analysis are presented in

following pagese.
4.1 Analysis of variance of gorghum

Results of the ANOVA for 9 attributes of sorghum,
viz., plant height, avesegs Snmines o6 WEwes, leaf ares,
length of panicle, weight per panicle, grain yield, 1000
grain welght, stover yield, harvest index and grain stover
ratio revealed that mean sum of squares for treatments were
significant for all the characters, except the average

number of leaves (Appendix I).

Mean sum of squares for replications were simificant
when tested against the error mean sguare for plant height,

grain yield and 1000 grain weight (Appendix II).

4.1.1 pre-harvest studies
4.1.1.1 Average final plant height of gsorghum (cm)

Maximum plant height was observed for CSH-9 grown
as sole crop (152.27 cm). However, it was statistically at

par with 3 other treatments viz., T, (CSH-9 + sunflower,
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3:3), T. (CSE-9 + sunflower, 4:2) and Tg (CsH-9 + pigeonpea,

7
4:2), The latter was not significantly superior than T1
(CsH-6 + plgeonpea, 23:1) but statistically superior to the

rest of the treatments viz., T2 o Tlo " TB and T3(Table 4,1).

Table 4.1 Average final plant helght of sorghum

T.No. Treatments Average plant height(cm)
T, CsHe6 + pigeonpea (2:1) 143,20
T, CSH-9 + pigeonpea (2i11) 141.867
T4 CSH-9 + pigeonpea (3:3) 137.53
T, CsH-9 + sunflower (3:3) 152.00
Tg CsH-9 + soybean (3:3) 139.70
T csH-9 + pigeonpea (432) 149,73
T, ¢cSH-9 + sunflower (4:2) 151.33
Tg CcSH=-9 + soybean (4:2) 140.97
Tg csH=-9 (sole) 152,27
Ty CcsH=6 (sole) 141.07
S eEMe 2.26
CD 5% 6.72

4.1.1.2 Number of green leayes per plant at panicle

emergence

There was no significant difference among treatments
with respect to functional leaves of sorghum at panicle

emergence.
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However, it was observed that Ty (CSH-9 + soybean
3:3) hagd maximum nuaber of functional leaves. This was
closely followed by Tg o T4 ana T3 (Table 4.2).

Table 4.2 aAverage nuitber of functional leaves/plant
ac panicle emergence

T.Noe. Treatments Average number of
functional leaves

T, CSH-6 + pigeonpea (211) 9.3
Ty CsH=-9 + pigeompea (Z:11) 2.7
T4 CSH-9 + pigeonpea (3:3) 11,0
T4 CSH=-9 + plgeonpea (313) 11.1
Tg CSH-9 + soybean (3:3) 11.5
TG CSH-9 + pigeonpea (412) 10.7
T, Cc5H=9 + sunflower (412) 10.5
Tg CSH-9 + soybean (43:2) 10.5
Tq CsH=9 (sole) 2.8
Ti0 CsH=6 (sole) 9.2
5+Em. * NS

4.1.1,3 Leaf area per plant at panigle emexgence (sq cm)

Maxiimum leaf area was observed for CSH-9 grown with
soybean in a 313 planting geometry (Table 4.3). However, it
was statistically at par with T, (CSH=9 + sunflover, 313)
and Ty (csH-9 + pigeonpea, 313). The latter was also

significantly superior to rest of the treatments, except
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1, (CSH-3 + pigeoupea, 4:2) and T, (CSH=9 + sunflower,4:2).

The ininimum area was observed for sole CSH-6 (Tlo) .

It was interesting to note that leaf area of CSH~-9
grown as -sole crop (Ty) and CSH-9 grown in association with
pigeonpea in 2:1 planting geometry was at par. similarly

CSH-6 + pigeonpea, 2:1 in T, was at par with CSH-6 (sole)

in Tlo'

Table 4.3 Average leaf area per plant in sorghum at
panicle emergence

T.No. Treatments Average leaf area/
plant (3q cm)

T, CSH-6 + pigeompea (2:1) 2635.16
T, CsH-9 + pigeonpea (231) 3241,02
T, CsH-9 + pigeonpea (333) 5004.67
T, CsH=y + suntlower (313) 5451.74
Tg csH-9 + soybean (3:3) 5973.91
Tg CSH-9 + pigeonpea (412) 4314,19
T, csH-9 + sunflower (4:2) 4078 .31
Ty CSH~9 + soybean (4:2) 3605,.16
T, CSH-9 (sole) 3091.33
: CsH-6 (sole) 2197.36

S.Em. % 433.28

CcD 5% 1287.39
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4.1,2 Post harvest studies

4.1.2.1 &Average length of panicle (cm)

Maximum length of panicle was observed for T5 (CSH-9
+ soybean, 3:3). Treatment T5 was neverthdess statistically
at par with T, and Ty (Table 4.4). Ty was significantly

superior than rest of the treatments, excluding T,,. CSH-6

10
(sole) recorded minimum length of panicle. However, it was

at par with 2 other treatments, viz., T, and Tye

Table 4.4 Average length of panicle of sorghum

T.No. Treatments Average length of
panicle (cm)

T, CsH-6 + pigeonpea (2:1) 24.67
T, C8H~9 + plgeonpea (231) 24.87
Ty CsH-9 + pigeonpea (3:3) 26.40
T, csH-9 + sunflower (3:3) 26.80
Tg CSH-9 + soybean (323) 28,73
T ¢sH-9 + pigeonpea (432) 25.67
T, CSH-9 + sunflower (432} 25.33
Ty CSH-9 + soybean (432) 25.60
Ty CSH~9 (sole) 25.47
Ty, CsH=-6 (sole) 22,47

S.Em. % 0.88

CDh 5% 2.64
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4.1.2.2 Grain weight per pgzaicle (g)

The grain weight per panicle of CSH-9 was found
maximum when grown in association with soybean in 323
planting geometry (Table 4.5). This treatment was signifie
cantly superior to rest of the treatments. CSH-9 wecorded
42.0 g grain weight per panicle, when grown in association
with sunflower in 333 system. However, this was statistica-
1ly at par with 6 other treatments vize, Ty , Tg » T4 o T,

T, and Tg and grain weight per panicle of CSH-6 was

2
significantly lower than sme CSH-9 (sole) but interestingly

it was at par with T, , T, , Tg and T, (Table 4.5).

Table 4.5 Grain weight per panicle in sorghum

T.No. Treatments Grain weight per panicle (g)
T, csH-6 + pigeompea (231) 27420
T, CsH=9 + pigeonpea {(231) 35,67
T, CSH-9 + pigeonpea (3:3) 38.12
T4 csH-9 + sunflower (313) 42.00
Tg CSH-9 + soybean (313) 54.33
Tq CcsH-9 + pigeonpes (412) 38.50
T, csH-9 + sunflower (4:2) 36,00
Tg CcsH-9 + soybean (432) 33.67
T csH-9 (sole) 33,50
T csH~6 (sole) 25,00
S.Eme I 3.92

CD 5% 11.6%
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44i.2.3 Grain vieid (kg/ha)

It can be seen from the table 4.6 that maximum grain
yield of sorghum was obtained from CSH-9 grown in association
with pigeonpea in 2:1 planting pattern (Tz) which was at par’
with sole CSH-9 (‘I‘g) . These two treatments were significan-
tly superior than rest of the treatments. The lowest grain
yield of sorghum was recorded for CSH=9 in association with

pigeonpea under 313 planting geometry (T,) (Table 4.6).

Table 4.6 Average grain yield of sorghum

T.No., Treatments Average grain yield
(kg/ha)
T, CSH-6 + pigeonpea (231) 2662.00
T, CsH~-9 + pigeompea (2:1) 3787.87
T, CsH-9 + pigeonvea (3:3) 2534.70
T, CsH-9 + sunflower (333) 2736410
Tg CsH-9 + soybean (313) 2944.40
Tg cSH-9 + pigeonpea (432) 3164.30
T, CSH=-9 + sunflower (412) 2682.80
Tg CsH-9 + soybean (4122) 3099.50
Ty csH-9 (sole) 3564.80
T1o CcoH-6 (sole) 2849.50
S.Eme % 108,40

cp 5% 311.60
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4.1.2.4 1000-grain weight (g)

It was observed that CuH-6 in association with
pigeonpea in 2:1 planting geometry (Tl) had highest 1000

grain weight (Table 4.7). 1000-grain veight observed for

‘1‘4 ’ T5 . TlO and T7 was at par with Tl'

Minimum 1000-grain weight was observed for T9 (CSH=9

gole) which was statistically at par with T2 . Te ang T3.

Table 4.7 1000-grain weight of sorghum

T.No. Treatments Average 1000 grain
weight (g)

Ty csH-6 + pigeonpea (231) 24.93
T, CsH-9 + pigeonpea (2:1) 21,73
T, CSH-9 + pigeonpea (313) 22.67
T, CsH~-9 + sunflower (3:3) 24.33
Ty CSH-9 + soybean (333) 24.27
T CcSH-9 + pigeonpea (412) 21.53
T, CSsH-9 + sunflower (4312) 23.67
Tg CsH=9 + soybean (412) 22.47
Tg CSH-9 (sole) 21.47
Tio CSH-6 (sole) 24.20

Se.Eme. & 0.60

CD 5% 1.80

39
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4,1,2.5 BStover yield of sorghum (kg/ha)

Meximum straw yield was recordéd for CSE-9 grown
in association with pigeonpea in 2:1 planting geometry
(Table 4.8) However, it was statiftically at par with Ty
i.e. CSH-9 sole. These two treatments were significantly

superior to the rest of treatments.

The minimum stover yield was recorded for CSH-6 in
association with pigeonpea under 2:1 planting geometry

(T,). It was neverthless, not inferior than T,, +Tg and T,.

Table 4.8 stover yleld of sorghum

T.No. Treatments Stover yield of
sorghum (kg/ha)

T, CSH-6 + pigeonpea (231) 4012.27
T, CsH-9 + pigeonpea (2:1) 9644.91
T, CsH-9 + pigeonpea (313) 4706.71
T, CSH-9 + sunflower (3:3) 5324.07
T, CsH-9 + soybean (313) 6254.,00
T4 CSHe9 + pigeonpea (412) 7434 .49
T, CcsH-9 + sunflower (412) 6327.08
Tg CcsH-9 + soybean (432) 5246.76
Tg CsH~-9 (sole) 9490.74
T;0 CsH-6 (sole) 4320,.83

S.Eme # 545,086

CD 5% 1619.44
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Maximum harvest index of 33.37 was recorded for
CsH-6 in association with pigeonpea in 2:1 planting
geometry in Tl' However, 1t wes statistically superior to
all other treatments except ’.l‘8 (CSH=9 + soybean, 4:2) ang
T. (CsH-9 + plgeonpea, 333). Minimum harvest index of

3
24.46 was observed in CSH-9 as sole crop (Ty) (Table 4.9).

Table 4.9 Harvest incex of sorghum

T.No. Treatments Harvest index (%)
T, CsH-6 + plgeonpea (211) 33.37
T, CcoE-9 + pigeonpea (2:1) 24.52
T, CSH-9 + pigeonpea (333) 29.85
T, CcsH=9 + sunflower (3:3) 29,29
Tg CsH-9 + soybean (333) 27.95
Tg CSH-9 + pigeonpea (432) 25.96
T, CcsH-9 + sunflower (432) 25.90
Tg CSH-9 + soybean (412) 31.46
Tq CSH-9 (sole) 24.46
Tlo CcsH-6 (sole) 29,50
S<Eme & 1.21

cp 5% 3.60
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4doele2.7 Grain stover ratio

Maximum grain stover ratio was cbserved for CSHe6
in association with plgeonpea under 2:1 planting pattern.

This was statistically at par with its sole in T . Both

10
these treatments are significantly superlor to the rest
of the treatments. The minimum grain stover ratic was
observed in sole CSH-9 undcer T9 and this was significantly

superior to rest of the treatments except Ty (Teble 4.10).

Table 4.10 Average grain stover ratio of sorghum

T.Mo. Treatments nverage grain stover
ratio (%)
[
T, CcsH-6 + pigeonpea (2:1) 66.65
T, CcsH-9 + plgeompea (2:1) 39.90
T, CSH-9 + pigeomnpea (333) 54,38
T, CSH-9 + sunflower (3:3) 52,79
T CsH-9 + soybean (313) 48.83
Tg CSH-9 + pilgeonpea (432) 49,25
T, csH-9 + sunflower (432) 42,48
Tg CSH-9 + soybean (4312) 59.98
Tg CSH-9 (sole) 37.26
Tyq csH-6 (sole) 66,34
5.Em. % 2.04

CcD 5% 6.06



AVERAGE GRAIN STROVER RATIO Ok SOKRGHUM (%)

70

(83

40

30

20

10

=]

FIG.4.10

GRAIN STROVER KRATIO OF SORGHUM AS AFFECTED BY DIFFERENT TREAT!.LNTS

T T

TREATEENTS

6

=

10



4.2 Ppigeo ez
4.2.,1 Pre-harvest studles
4.2.1.,1 Average final plant helght of pigeon {cm)

It was clear from the table 4.11 that maximum plant
height was associated with sole plgeonpea. It decreased

when intercropoed with CSH=9 in 4:2 and 3:3 planting system.

Table 4.11 sverage £inal plant height of intercrops as
affected by different planting system (cm)

Planting sorgh .

ghum CSH-9 Sorghum
) pattern CSHo6
inter-
cxops 313 412 211 231
Pigeonpea 196.6 192.7 192.6 192.3 189,.9
sunflower 117.2 114.27 115.67
soybean 54.1 66.7 61.3

4.2.1.2 Average number of functional leaves per plant

Maximam number of functional leaves was recorded
£rom pigeonpea in assoclation with CSH=6 in 231 plant.ng
geometxry. It decreased with the decrease in number of
rows of pigeonpea from 14 when intercropped with CSH-9

(Table 4.12).
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Table 4.12 ..verage numoer of functional 1
q eaves per a
of intercrops at flowering as affectzd bsl ne
different planting system

anting

pattern sorghum CSH-9 Sorghum
Inter- CSH~6
crops sole 313 432 2:1 ¢ 211
pigeonpea 136.2 122.7 110.5 123.7 151.6
sunflower 15.2 15.0 16.9
Soybean 22.7 15,5 16.8

4.2.2 Ppost-harvest sgtudies

4.2.2.1 Test weight (g)

Maximum test welght was recorded from CsH-9 +
pigeonpea, 231 whereas the minimum test weight was
recorded in its sole cropping (Table 4.13).

Table 4.13 Test weight of intercrops as affected
by different planting system (g)

planting
pattern Sorghum CSH-9 Sorghum
Inter- CSH-6
eroep sole 333 422 231 2:1
pigeonpea 84.0 91.3 92.4 90.9 87.6
sunflower 30.9 30.6 29.5

soybean 89.2 88.7 90.4
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42,242 Gra:n yicla (kg/ha)

sole plgeonpea showed maximum grain yield. It
reduced as the number of rows of plygeonpea decreased from
14, Under 2:1 planting geometry, pigeonpea showed higher
grain yield with C8H-6 ia conparison with CSH-9

(Teble 4.14).

Table 4.14 Grain yield of ilntercrops as affected
by different planting system (kg/ha)

planting Sorghum CSH-9 sorghum
pattern CSH-6
inter-
crops sole 3:3 231 FENE
pigeonpea 1242.36 559.49 470.60 356.48 501.62
sunflower 567.13 240.74 141.20
Soybean 1527.78 594.57 312.50

4.2.2.3 Stover yleld (kg/ha)

Maximum stover yield was recorded from sole pigeonvea,

It reduced when intercropped with sorghum. As the number
of rows of pigeonpea reduced from 14 the stover yield also
reduced. Pigeonpea recorded more stover yield when
intercropped with CSH-6 than with CSH«9 unger 2:1 planting

geometry (Table 4,15) .
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Teble 4,15 Stover yleld of intercrops as affected
by different planting system (kg/ha)

planting Sorghum CSH=-9 Sorghum
pattern CSH-6
Inter-
cxrops sSole 3:3 432 231 231
Pigeonpea 3780.79 1581.71 1003.01 733,10 1041.67
sunflower 1254.63 B886.57 481.48
Soybean 1481,48 625,00 337.96

4.2.2.4 Grain stover ratio (%)

Highest grain stover ratic was observed in CsH-6 +
pigeonpea, 211 followed by CSE-39 + pigeompea, 432 and
CcsH«9 + pilgeonped, Z:le. Minimum grain stover ratio was
recorded from pigeonped sole (Table 4.16).

Table 4.16 Grain stover ratio of intercrops as affected
py different planting system (%)

planting Soxghum CSH=9 Sorghum
pattexn CSHaG
Inter- )
crops sole 231
pigeonpea 32.86 35,37 46.92 45.78 48,16
sunflower 45.20 27.15 29,33

soybean 103.12 95.18 92.46

e

)
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4.3 sunflower

4.3.1 Pre-harvest studies

4.3.1.1 Average f£final plant heicht of sunflo {cm)

Maximum plant heignt was observed for sole sunfiower

followed by CSH=9 + sunflower,4:2 and COH-9 + sunflower,3:3.
Table. (Lv1)

4.3.1.2 Average number of functional leaves per plant

Maximum number of functlonal leaves per plant was
recorded in CsH-9 + sunflower, 3:3 which was closely
followed by sunflower sole and CS8H-9 + sunflower, 3313

(Taple 4.12).
4.3.2 Post harvest studies
4.3.2.1 Test weight (@)

sole sunflower showed maximum test weight. Thig
was closely followed by CSH-9 + sunflower, 3:3 and CSH-9

+ sunflower, 412 (isble 4.13).

4.3.2.2 Grain yield (kg/ha)

Maximum grain yleld of sunflower was assoclatedq
with its sole treatment. It decreased with :he decrease

in the number of rows of sunflower from 14 (Table 4,14)
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tover yield {(kg/ha)

Sole sunflower recorded meximum stover yield. It was

followed by CSH-9 + sunflower, 3:3 and CsH-9 + sunflower,422
in order (Table 4.15).

4.3.2.4 Grain stover ratio

Maximum grain stover ratio was observed in sole

sunilower. Whereas minimum grain stover ratio was

associated with CSH-9 + sunflower 313 (Table 4.16).
4.4 Soybean

4.4.1 Pre harvest studles
G.delel

average final plant height (cm)

Maximum plant height of soybean was recorded in

CSH-9 + soybean 333 followed by CSH-9 + soybean, 4312 and
sole soybean in order (Table 4.11).

4.4.1.2 Average pumber of functional leave per plant

pata boxed in table 4.12 showed that sole soybesn

recorded maximum functional leaves/plant. L+t was followed

4.4.2 Post harvest studles

by CSH-9 + soybean, 4212 and CSH-9 + soybean,3:3 in order
Table (Lig2)
4.4.2.1 Test weight (g)

Maximum test weight of soybean was with CSHe9 +



soybean, 3Z. -t w-5 fcllowed by CSH-2 + soybean,3:3

and sole soybean, in order (Table 4.13),
4.4.2.2 Grain yield (kg/ha)

pata contained in table 4.14 revealed that sole
soybean gave maximum grain yield. It was followed by CSH-9

+ soybean, 333 and CSH-9 + soybean, 4:2, in order. (Table Giik)

4.4.2.3 Stover yileld (kg/ha)

Maximum stover yield was associated with sole
soybean. it was followed by CSH-2 + soybean,3:3 and CSH-9

+ soybean,4:2, 1n order. (Tasie Lm0y
4.4.2.4 Grain stover ratio

Maximum grain stover ratio was observed in sole
soybean, which was followed by CSH-9 + soybean,3:3 .

CcsH-9 + soybean, 432 in oxder. (reble Lott)
4.5 Analysis of variance for treatments

Results of the ANOVA for total grain production,
gross monetary return, sorghum equivalent ratlo revealed
that mean sum Of sJuares of treatments were significant

for all the charactels (Appendix II).

Mean sum of squares fox replications were not
significant when tested against the error mean squares for

above sited characters (Appendix iI).



4.5.1 Total grain production (kg/ha)

Maximum total grain yield of 4122.69 kg/ha was
recorded in T2. This was significantly higher than the rest
of the treatments. This was followed by T6 ) T9 . 1-5 and TB'
T6 was statistically not superior than ’I‘9 R T5 ana TB but
significantly superior than the rest of the treatments.lMinimum

grain yield was recorded in Tip » which was significantly

inferior to the rest of the treatments (Table 4.17).

Table 4.17 Total grain production (kg/ha)

7.No. Treatments Average total grain
production
T, csH-6 + plgeonpea (211) 3163.65
T, CcSH-9 + pigeonpea (231) 4122.69
T, CcsH-9 + pigeonpea (333) 3094.21
T4 csH-9 + sunflower (3:3) 2976.85
Tg CsH-9 + soybean (3:3) 3539.81
Tg CsH-9 + pigeonpea (4:2) 3634.26
T, CSH-9 + sunflower (432) 2822.45
Tg CSH-9 + soybean (432) 3412.04
Ty CSH-9 (sole) 3564.80
TlO csH-6 (sole) 2849,.50
Tyq pigeonpea (sole) 1242.36
Tyo sunflower (sole) 576.13
Ty3 soybean (sole) 1527,78
S eEme % 142,36

Ch 5 % 415.51
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4.5,2 Lang c u‘wvalent retig (LER)

The efficiency cf the sorghum based intercropping
systems was evaluated n terms of total lend productivity
as expressed by the land equivalent ratio (LER).

Table 4.18 Total land productivity in terms of LER
as influenced by different treatment

T.No. &verage graln yield (kg/plot) LER
sorghum Intercrops
sole Inter— B&ole inter- S0r- inter- Total
crop CIop ghum  crop
T, 12.31 11.50 5.37 2.17 0.93 0.40 1.33
T, 15,40 16,36  5.37 1.45 1.06 0.27 1,33
T, 15.40 10495 5.37  2.42 0.7l  0.45 1,16
T, 15.40 11.82 2.45 1.04 0.77 0.42 1.19
Tg 15.40 12.72 6.60 2.7 0.82 0.39 1,21
Tq 15,40 13,67 5.36 2,03 0.88 0.38 1.26
2, 15.40 11.59 2.45 0.60 0.75 0.24 0,99
Tg 15.40 13.39 6.60 1.3% 0.87 .20 1,07
g 15.40 15.40 1.00 1.00
L 12.31 12.31 1.00 1.00
Ty 5.37  5.37 1,00 1.00
Ty, 2.45 2.45 1.00 1.00
T 6.60 6460 1.00 1.00
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It can be seen frow the tible 4.18 that the treatment
T, and T, were equal and ylelded the maximum LER of 1.33.
This maximam LER was associated with the sorghum
(irrespective of variety, whether CSH=6 or CSH-9) along with
pigeonpea under 211 planting geometry. This was followed by
T6 , T5 R T4 and T3 giving the LER of 1.26, 1.21, 1.19, 1.16,

respectively. Least LER of 0.99 was recorded from '1‘7 ’

showing lesser LER to the component scle crops.

4.5.3 Gross moneta return (Rs/ha)

Maximum gross monetary return of Rs.10893.52/ha
was obtained from T, (CSH~9 + pigecnpea, 2:1). This was
at par with Tg and Tge Latter treatment was significantly
superior than Ty » Ty o Ty » Ty3 » T35 @nd T, but at par
with Tg ’ T3 ’ Tl , and TB‘ The lowest gross monetary
returns was obtained from T,, , which was significantly

inferior to the rest of the treatments (Table 4.19).



Teble 4.10 Gross monetary return
T,No. Treatments
T, csH-6 + plgeonpea (211)
T, CcsH~9 + pigeonpea (2:31)
'1‘3 CcsH-9 + plgeonpea (3:3)
Ty csH-9 + sunflower (3:3)
Tg coH-9 + soybean (3:3)
Tg csH-9 + plgeonpea (412)
T csH~9 + sunflower (432)

7

T, CsH-9 + soybean (432)

8

T, csH-9 (sole)

csH-6 (sole)
Tlo

pigeonpea (sole)

sunflower (sole)

soybean (sole)

S .Eme

cp at 5 %

Gross monetary
return (Rs/ha)

8379,.63

i0893.52

8611.11

7613,42

9986,11

9888.89

7125.00

8377.31

8740.74

6335.65

6347.22

2863.42

7914.35

546.30
1594.91
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CHAPTER - V

DISCUSSION

~ simplest cropping system would be to grow a single
crop. However, most of the farmers grow more than one erope.
In India, as many as 84 different crops are used in mixed

cropping but very rarely we finc that more then 4 are grown

at a time (Swindale, 1379) « The objective of intercropping

is to3z

(i) insure against total crop failures under

aberrant weather conditions or pest epidemies

i{1) increase the total productivity per unit land

area, and

4ii) equitably and judiciously utilize land resources

and farming inputs, including laboux.

cereals and legumes are often mixed, probably more
for dietary reasons than for any beneflcial effect that the
nitrogen f£ixing powers of legume convey to the associated

cereal crop or to a subsequent one.

In the traditional way of mixed cropping, seeds of
2 or more Crops are either mixed in same rates angd sown or
certain proportions are adopted. Thus populations of all

the component CIOps is less than the recommended population,



which reoaisg i Foesccd yiclos ol dadivicacl erops. Lt
makos the mixture ejuivalent to indivicuzl crops groun
separately in same iield except £or possible iatercrop

interaction and for reduced incidence of pests.

The new concept of intercrupping heés beon developed
rimerily to maximize the proguction and profits over soace
and tirme by maintainiig £ull popaistion (100 .. reconmended)
of both component CXops (crngh, 1983). it is now known that
as compared to sole cropping intercropping makes bettex
uge of natuxsl resources of sunlight, land and water. Ig
may heve some peneficial effects on pest end discuse
problans, although overall results are some whet in
conclusives haventage of growing legumes with & non legume
may be the saving of nitrogencus fertiiizerse ihese
adventages show up @ ultimate benetits in yield end
increasus 88 aach &8 70 » Over sole cxop on same plece of
15nd have been recorded (swindale, 1979) . However, cvidence
over this aspect are less detinite (Lilley, 1979),

Experiments of the 11 Indla Coordinated Sorghum
Improvement PFoject (AICSIP) indicated that Cute§ pigeompes
in 211 plonting geometxy of CuH=9 in place of CoHab was most
remunerctive intercropping system. However, as pointed out
eerlier the intercrop yield was saversely influenced.

Lndeavour ware therciore, vesired to ldentify & planting

geometry end &

66



compatiblec oilseed/pulse intercrop such that the recovery
of intercrop could be more than presently observed and
hence more profitable. Present experiment was an effort in

this direction.

-

g
5.1 Sorghum attributes : ‘;xl\Q XY
5.1.1 Growth characters ;:-5‘

i1l the 10 treatments exhibited significant
differences amcngst themselves in respect of final plant
height and leaf area per plant, whereas number of green

leaves per plant did not differ significantly,

Maximum plant height was recorded for CsH-9 (sole)
However, it was at par with CSH-9 + sunflower, 33 CSH-9

+ sunflower, 432 and CsH-9 + pigeonpea, 4:2. These results

suggested that growth of sorghum was not adversely

influenced by sunflower &nd pigeonpea when grown in 432

planting geometry. On the other hand, height was

significantly reduced when grown with pigeonpea in 333

planting geometry- It was at par with T5 . '1‘8 and TZ. it

was interesting to note that height of sorghum was reguced

when grown with a low canopy crop like soybean,

Maximum number of leaves per plant was observed in

(csH-9 + soybean. 313). However the number of green

T
5
s on an averae was always higher than its sole except

leave

T, , when intercropped with plgeonpes, sunflower and

soybeane Maximum leaf area per plant was observed for CSH-9
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in T_.. Tt was at par vit 2
5 d par vith T, and Tj. Further, it was obser-

ved that leaf area per plant significantly increased when
intercropped with either of plgeompea, sunflower and soybe
an

under 4:2 and 3:3 planting geometrye.
vield contributin characters

There were significant differences among the
treatments for length of panicle grain weight v

panicle. and test weilght.

Maximum length of panicle was recorded for CSH=-9

grown in agsociaticn with soybean in 3:3 planting geometry

It was not however, significantly superior than panicle

length for CsH-9 grown in 3:3 planting ratio with sunflower

and pigeonpea. panicle length was significantly reduced in

length when grown with pigeonpea in 231 ratlo as compared

with T5. It appeared that panicle length was relatively

shorter when CSH-9 was grown in 4:2 system with any of the

intercrops. However, it was at par wilkh CSH=9 sole.

Maximum grain weight - pey panicle was alse recorded

for CSH-9 grown in association with soybean in 333 planting

geometry. It was significantly superior than the rest
treatments. This may be due to more efficlent utilization

of nutrients, moisture and solar energy because of wider

spacing petween rows and less competition by intercrop Of

which morphological and physiological characters differ

from sorghum CIropse However, highest test weight was



okbserved For CgH-6 ia :‘1. =

£ was -nteresting that as the
nurber of ro:s of CSH-9 decreased, teszt welght of CSH-9
inereased when intercropped with soybean, sunflower and
pigeonpea. similar results were obtained in sorghum/
pigeonpea intercropping by Hiremath (1979) whereas Kulkarni
(1985) reported that 4m sorghum/pigeonpea intercropping did

not affect the length of panicle significantly.
5.1.3 Grain yleld

CSH-9 recorded maximum grain yleld when grown with
pigeompea in 2:1 gystem. It was at par with CSH-9 sole.
This provided evidence to show that sorghum grown with
pigeonped in 2:1 planting geometry did not show adverse

influence of plgeonpea on sorghum yield. On the other hand
sonus ‘
yield of plgeonpea was a beund. Likewise CSH=-6 grown with

plgeconpea 1n 231 planting geometry had yield statistically
at par with CcsH-6 grown as sole crop. Similar findings were
reported by shelke and Krishnamoorthy (1978), Bhalerac and

upadhyay (1981), willey et ai. (1982) and Hunshal et al.

(1987). On the othex hand growing of plgeonpea ox soybean

or sunilower in 432 and 323 with sorgham had significant

adverse influence ©n grain yield. Hiremath (1979) reported

similar findings in sorghuny/pigeonped intercropping.

The results of the Appendix I.il shows that yileld

recovery was maximum when grown with pigeonpea in 432

system as compared with either sole crop of gorghum (88 %)



cr coledy 4 plgeonpea, 281 (B3 ) e st FeOvery wis
obscrved when soxghwy wos grown with plieon.ez in 343
system (71 5 and 67 ). This is obvious because the

popaiction of sorghum was only 50 e

sunflover emekged as a dominenting crop adversely
influencing sorghum ylela vhen grown with sorghum in 4:2
plantiug geometry. vhen grown in 333 system soybein had

relatively less suverse inf.uence on yield of sorghum than

pigeon et

In 383 planting yecmetry i.c. when popuiition of
syxghum was only 50 %, yielc wés much more sdverscly
influenced by suntlouwcr, & highly competitive crop.
pelanieppau gt al. (1975) cnd Tarhalkar and Reo (1979)
reported decline in yield of sorghum when grown with

~antlowers

Belet piroyver yigid

It esppesred from the fiaocings thet there was

significant Gifferences am.ny the treotments foXr stover

yield of sorghume

reximum stover ylela wes recoxced in 1, (Cobm9 @
pigeonpes 23l}e. it wea statisticeliy at par with CiHewd
sole. lowevel, louest stover yierd was recosded in 1,
(Cole6 + pigeonped, 281). it wes not signiticently

superior to ite sole cropping in Tm. /s the numbex of

70



rows of sorghum decreased in intercropping system of
sorghum CSH-9 with pigeonpes, soybean and sunflower, the
gstover yield ox sorghum 2iso decreased. This may be due to
reduced population of sorghum as in case of grain yield of
sorghum discussed earlier. Similar results were obtained by

Hiremath (1979).
5.1.5 Harvest index

ft is a term coined by Ronald (1968) to identify
plants which can efficiently partition the dry matter
produced by it. Efficient plants are known to partition

more of the dry matter in to economic product. For example

snantharaman gt akt. (1978) reported that for sorghum

hybrig CsH-1 the harvest index was 50 % whereas for
indigenous tall and late maturing varieties BP 53 and

Aispuri it was 29 %. Maximum harvest index was recorded

for CSH-9 + pigeonped in 231 planting geometry. It was

significantly superior not only then CsH-6, sole but all

other treatments., except 2 other treatments, viz., Tg and

T,.. This sugyested that harvest index values of CSH-6 and

CsHw9 significantly improved as compared with thelr own

scle crop harvest index values when grown with intercrops.

However, this was not true for csH-9 in all planting system

and with all the intercrops.



5.1.6 Grain stover xatio

There were significant differences among the
treatments for grain stover ratio of sorghum. Meximum grain
stover ratio was observed for CsH-6 in association with
plgeonpea in 2:1 planting geometry. it was stactistically
at par withits sole cropping in T,, ., but significantly
superior to rest of the treatments. Least grain stover
ratlo was observed for CSH-9 sole in Ty which was at par
with T, (cSH=-9 + pigeonpea, 2:1), but significantly superior

to the rest of the cropping system based on sorghum CSH-9,

It was interesting that sorghum when intercropped
with either of intercrops viz., pigeompea, soybean and
sunflower in different planting geometry i.e. 2:1, 333,
and 412, showed higher grain stover ratio to its sole grain

stover ratio. This may be Gue to higher grain production/

plant with intercropse.

5.2 Ppigeonpe2 attributes

Table 4.12 reveaied that intercropued plgeonpea

remained little awarf as compare to the plants in pure

stand. More competative nature of sorghum may be held

responsible for this as reported by Rao and willey (1980).

Highest mumber of leaves per plant was recorded in

sole plgeonpea but reduced when intercropped with CS8H-9.

It was interesting that pigeonpea showed greater mumber of
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green leaves per plant in CSH-6 + pigeonpea, 2:1 as compare
to CSH-9 + pigeonpea, 2:1. Lt is probably due to carlier
maturity of C:H-6 than CSH-9, which was harvested earlier
and provided sufficient space to pigeonpea in its grand

phase.

Effect of different treatmentson test weight of
pigeonpea was presented in table 4.14. They showed that
intercropping of pigeonpea reduced the test weight, which
was considered to be the major factor of low yields of

pilgeonpea with the intercropping system.

pata boxed in table 4,15 revealed that intercropping
of sorghum and pigeonpea reduced the grain yield of
pigeonpea as compared to its sole cropping. As the number
of rows of pigeompe’d gecreased from 14, grain yield also
decreased. This maybe due to its reduced population and
reduced test weight in different intercropping system. It
was interesting that under 2:;1 planting geometIry, pigeonpea
‘recorded higher grain yield whth CESErG with CSH-6 than
with CsH-9. This may be due to acute and vertically eract
leaves of CSH-6 which made pigeonoea capable to get more
sunlight and its early maturing quality. similar trend was
observed for straw yield of pigeonpea, showing highest
straw yield of pigeomnpea from the treatment pigeonped sole.
But just opposite trend was observed for grain stover ratio
jfferent planting systemSe. Ag it was very

of pigeonpea in d

clear from table 4.17 that grain stover ratio increased
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Wit = o
with the decrease in the nwiber of rows of pigeonpea f£ro
m

14 in gifferent planting systeme
5.3 Sunflower attribute

Sole sunflower showed maximum plant height but it
redquced when intercropped with sorghum, whereas maximum
number of leaves per plent was associated with sorghum

under 432 planting geometIrye.

It was cleaxr from the table 4,14 that highest test
weight was recorded in the sunflower as sole cropping and
it gecreased with the decrease in the rows from 14, Similar
trend was observed from grain yield and straw yield of
sunflower, which may be due to reduced population of
sunflower and redquced test welght (reduced test weight may

be due to not proper grain £illing) of its grain in

different planting geometry with sorghume.

Maximum grain straw ratio was observed in sole

sunflowers This may be due to the same reason pointed out

earlier that grain yiela and test welght was higher in

cole sunilower 3s compare to sorghumy/sunilower in cifferent

planting geometrye

5.4 Sovybean a;tributeg

Highest plant height was observed soybean inter-

cropped with sorghum uncer 333 planting geometry. Further

more soybean showed greater plant height under aifferent



planting systems vwhen compared with its sole cropping

L]
However, maximum number of green leaves per plent was
associated with the sole soybean and it decreased when

intercropped with sorghum.

Maximum test weight was observed for soybean under
432 planting geometry. whereas maximum grain yield was
recorded for sole soybean. It was obvious that as the
nurnber of rows of soybean decreased from 14, grain yielad
of soybean also decreased due to its reduced population.

similar trend was observed for straw yield and grain stover

ratio of soybean.

5.5 Sorghum + intercro viz., pigeonmped, sunflower and

soybean
5.5.1 Total grain yield

In order to evaluate the total grain production/

plot, grain yield of sorghum/plot and intercrop/plot were

added together. Results of analysis revealed that there

were signifilcant glfferences among the 13 treatment

combinations. anaiysis for grain yield of sorghum had

already suggested that the grain yleld of sorghum CSH-9

obtainea from plot intercropped with pilgeonpea under 211

planting geometIy were pot significantly different from

yields of sole plot of CSH=9e The total production of T,

(csH=9 + pigeonpea, 2:1) was found to be maximum (4122.69

kg/ha) and it was gtatistically superior to all other 12



treatments. Umat (1984) and Rathore (13985) also observed

similar £indings.

5,5.2 Land ivalent ratio (LER)

The results revealed that T, and T, had maximum LER
of 1.33. However, it was interesting to note that there was
decline in the yileld of soxrghum in case of T, and rise in
the production of pigeonpea. On the other hand, CSH=9 dig
not exhibit decline in yield when grown with pigeonpea in
231 planting geometry as compared to its sole crop yield,

However, contribution of pigeonpea to the LER was

practically half compared with the LER of pigeonpea in Ty
Tt is a known fact that the average grain yield of CSH-9
is more than CsH-6 not only when grown as sole crop, but

also when grown in association with latercroos {(Anonymous,

1986) » The plant type of CsH-6 is different than CSH-9,

plants of CsH-6 are dwarfer, have narrower leaves and

upper leaves are some what pointing upwards (erectophyll

nature) « conseguently this genotype competes least with

intercrop. However. the plants of CbH-9 are sturdier, have

broad, long leaves which droop horizantally and hence

cause shading of intercrop-

The LER of CSH-9 in 412 and 333 planting geometry

wag adversely affected because the population of this

hybrid was only 66 % and 50 % respectively as compared to

its sole crop population.



The LER 0of intercrops was relatively more in 3:3
planting geometry than their corresponding LoRs in 432
system. The reason is obvious. In 333 planting pattern,
population of intercrops was 50 % of tiaelr sole crop
density however in 4:2 plantlng pattern, populations of

intercrop was only 33-34 %.

LER of sorghum was least when grown with sunflower
suggesting that this crop adversely influenced the base
crops. Soybean on the other hand could exhiblit its normal

yield potential when grown with sorghum.

5.5.3 Gross monetary xeturn

knhanced production of grains from a unit of land
would be reflected 1n increased monetary returnse. It was

observed that CEH~9 + plgeonpea 1in 2311 planting geometry

yielded maximum returns. However, lt was statistically at

par wlth CSH=9 + soybean 333 and CcsH-9 + plgeonpea, 412,

The results revealed an interesting fact that monetary
returns f£rom CSH-9 + plgeomoea (2:1) were significantly
more than CsH-9 sole. similar results were obtalned by
Shrivastava and Singh (1975) and Tarhalkar and Rao (1975)

However, monetary returns from Tg and Tg at par with CsH-9

sole., Monetary returns from pigeonpea, sole, sunflower sole

and soybean sole were also significantly lower than Tge

Grain yileld of sorghum in T, was at par with sole

CoH-9. Additional yleld of plgeonpea in 2¢1 system has



2
xR

contributed tc the signiflicantly more monctary returns
obtained from this systems. Shelke and krishnamoorthy
(1978), Bhalerao and Upadhyay (1981), wiliey et al. (1982)

and Umat (1984) were in agreement with this finding.

The grain yleld of CsH-9 in Ty and T, was signifi-
cantly inferior than CSH=9 sole indicating significant
decline in yield of sorghum when grown in association with
either pigeonpea in 432 or soybean in 3:3 planting systems.
Monetary returns of Tg and Tg which were observed to be

at par with T, could be attributed to more returns from

plgeonpea and soybean compensating for loss in yield of

sorghum grown in 432 and 3:3 system with plgeonpea and

soybean respectively. 0D the whoie 1t appears that CsSH-9

grown in association with pigeonped in 231 planting

geometry the most remunerative intercropping system.

However, CSH-9 + pigeonpea, 432 and CSH-9 + soybean 3:3

could also be adopted by the farmerse



SUMMARY A0 CUNCiUSION



CHAPTEL = VI

AND CONCLUGION

A field experiment entitled "Optimizming the yield
recovery of soms pulse, ollseed and high coswesmuiml value
cxops for incressing the profitabllity of sorghum based
eropping system”™ was conducted during kharif season of
1968-89 at JNKW Campus College of Agriculture, Indoxe.

The experiment consisted of 14 treatment combins-
tions (2 treatment conbinations of two sorghum cultivars
vize, CSl-8 and CsH=9 with pigeonpea in 231 planting
gecmetsy + 6 treaument conbinations of sorghum CSH=9 with
pigeon,ea, suntlower and soybean in 333 and 432 p.anting
geometsy ¢+ 5 s0ie CEOp treatments of sorghum end

10teXCXOpPBe

i. gorghum

Meximum plant height was noted in CB8H-9 as sole
crop whereas highest nunbex of functional leaves per plant,

leaf ares per plant, sverage laength of panicles and grain

weight per panicle were obtoined from CBH=9 + soybean

(333) ¢ burthermore maximum test weight and harvest index

was obtained from CiH=6 + pigeonpea (231) « However, maximam
grsin yleld, stover yield snd grain stover ratio was

obtained fxom CSH-9 + pigeonpea (231) treatmnante

-2

o



2. uoxchum haped intexckoppiny SYSCeR

It ip inferxed from the findings of the present
investigation that best combination was CsHe9 + pigeonpea
(201) giving maximum monetary Xeturn of Ks.10,893.52 ha=?
followed by CSH=9 + soybesn 313 end C5He9 «+ pilgeonpea, 432
giving 8.33 and 9.22 per cent less monetary returxns
respectively to that of treatment C3H=9 ¢+ pigeonpea (231l1).
Prastmant i.@. Culi=9 + pigeonyes {(2:11) also gave maximum
total production (4122.69 kg/he) showing ite statistical
superiority amoag all the treatments. 3oth the treatments

CsHe6 + plgeonyed (2s1) and CSH-9 + pigeonpea (Z11) showed

highest LER of 1.33.

1, it is concluded £xoi the above that the best

combinstion was found tO be the sorghwn cultiver

CcsHe9 grown in association with pigeonpes in 231

planting geometXy. giving maximun total grain

production, monetary geturn and LER.

2. Next to plgeonpea, soybean proved to be suitable

{ntercrop with sorghum cultivax CHH=9 undex 313

planting geonetiye

80
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3, Among plgeonpes, suuflogex and soybenn, pigeonpea
and soybesn proved to be the sultabie intexcrops

with CoHe9 under 231 and 313 planting geometry
respectiveiy, special.y for the Halva conditions.

ixperiment shou.d be repeated fox lind time to

confirm the sbove resultae
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APPENDIX - I

Source of TD.F.
variation

Pre harvest characters
Final Funct Leaf area
plant ional per plant
height leaves

perxr

plant
{cm} (No. (sq cm)

- RS s
Replication 2 77.33 0.33 536615.80

*de NS k.
Treatment 9 98.07 1.87 4590461.40

Error 18 185,37 5.92 563193.94
NS = Non significant

Significant at 5 %

Significant at 1 %

Mean sum of squares

Post harvest characters

Length Grain

of
pani—
cle

{cm)

NS
0.82

W,
9.19

2.34

weight
of 10
panicles

{g)

NS
4973.04

=%
19584.70

4609.14

Grain

vield/
plot

(kg)

1000 Straw
grain vyield/
weight plot
per

plot
(g) (kg)

* NS
6.12 8.63

ek ok
5.12  227.20

l.08 16.63

inailysis of variance for different character of sorghum mean oif sguares

Harvest Grain

index

straw
ratio

%)

NS
43.75

*o
317.02

75.08



APPENDIX-II analysis of variance for average grain
production (kg/plot) and monetary
return (Rs/plot)

source of D.F. Mean sum of squares

variation
Average grain Monetary return

production(kg/ha) (Rs/ha)

Replication 2.48B1S 15.47NS
Treatment 12 61.74%* 232,55%%
Error 24 1.14 16,75
Total 38

NS = Non signiflcant

**Significant at 1%



APPENDIX-III

System

CSH=-9

CSH=9

CSH~9

CSH=9

CSH=9

+

+

-+

-+

plgeonpea 333

sunflower 3:3

soybean 323

pigeonpea 432

suniflower 4:2

soybean 432

Recovery of sorghum in various system (%)

As compared with

CSH-9 (sole)

71.09

76.77

82.59

88.78

75.25

86.94

CSH-9 + pilgeonpea
2:1

66.91
72.23
77.73
83.53
70.82

81.82
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