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out of 143 million hectares under cultivation in 

India as much as one third of the total area receives 

rainfall below 700 ruo and tonseemt1y suffers from low 

yields. In other words 63 per cent of total food grain cornea 

from drylend areas, having low and scanty rainfall, in such 

areas production risk is considerably more than that in 

irrigated areas as well as in high rainfall areas. 

in such areas legume grains, oilseeds, millets are 

most;ty grown, but production per unit area is too low. 

owing to shortages of production of oilseeds and pulses in 
the world, their increase in production is utmost in,ortant 
without sacrifice the area of cereal/millet crops. 

practically increase in production of pulses and oilseeds 

are not possible, unless the cropping intensity is increasecj, 

There are number of ways and concepts of increase in 

cropping intensity to gain moc a economic returns per unit 
eras par unit time. Among them, interoropping is well 
recognised all over the world as the beat device to achieve 

optimum utilisation of soil water, nutrients and sunlight 

in tine and space. "Growing of two or more crops in 

association, on the same piece of land so as to exploit it 
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effectively and ef:.iciantly, may eo .ntiticel.►y be termed 

as intercropping". 

Crop compatibility constitu as an essential 

ingradiant for the success of an intercropping System. The 

growth rhyth .a duration and the capacity to photosynthe.. 

sire on low light intensities are some of the important 

ca}/cr~q :n the selection of a companion crop. 

during lest three decades, the population of our 

country has increased 320 million (+ 90 '.). tihereas the 

net sown area could increase by 2S million (20 %). hatnce 

adapting such efficient cropping System is very important 

to meet the challenge of population explosion. 

borghum. an important crop of M.A., is inharient 

very efficient and fits well in the intercropping systems 

with legumes and oilseeds such as pigeoupea, soybean, 

groundnut, green Oran, black gram and cowpea giving 10-15 

extra monetary returns than sole cropping. The technique 

of wide, paired sows (30/90 cm) in sorghum does not affect 

its yield, because it is grown at full sole (optiaum) plant 

population by manipulating the within row spacing but 

provide& additional space which thus, gets more solar 

energy for photosynthesis. 

c.oybaan God pigeonpes in pulses are also being 

grown in larger area and commends good position in our 

state as tot as production is concerned too, biM1atly 



sunflower is newly introdsced crop. anw widely popularising 

day to day among farmers as mixed crop or as intercrops 

with different crops, but no scientific recommendation with 

sorghum has been made till yet. 

The success of any intereropping system would depend 

upon the crop compatibility. Pence it is important to 

choose intercrops on the basis of their compatibility. The 

pattern of planting and maturity of intercrops could be 

adjusted onthe basis of active growth period and 

physiologicml characters. 

with the availability of high yielding varieties 

of"vaxying growth habits and duration, adequate plant 

population. proper plant protection measures balanced 

fertilizer application, the aim of intercropping is nc»r 

more towards sugumenting total productivity of dryland 

areas* 

in the present study, compatibility of sorghum with 
soybean, pigeonpea and sunflower Are to be tested In 

intercropping system under different plant population. 

Keeping this in view, a study on "Optimizing the 

yield recovery of some pulse, oilased and high value crops 

Lox increasing the profitability of sorghum based cropping 

system" was conducted during 'kharif ' 198$.B9 for to.lowing 

inveatigatiorin. 
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1. To compare fonsibility of xntercropping with 

sole sorghum under sainted conditions of l4eiva 

tract. 

2. To evaluate the compatibility of soybean, 

sunflcw,rer. and pigaofpea with sorghum, pl nted 

in variable ratios. 

3. CO assess the effect of rot.SCrommmg syBtec on 
the growth and biometx.c parameters in contrast 

to soe.e cropping. 

4. 1.o develop an .conical relationship in sorghum 

based irstarcLnppsg systaan. 
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itho raeaarch work done by varsous scientists in 

India and abroad on different aspects of the sorghum based 

intcrcrwppigp. particularly with pig.eopea, soybean and 

Sunflower• has been briefly reviewed in this chapter (in 

chronological order). 

2.1 1 u®et~e 91 	g ®enotvnes 211 2l2P 9 	V14  

airy- (1977) reported that sorghum cultivar 5 it 

Consistently out yielded cv. serene with an average grain 

yield of 7.19 and 6.02 t/ha respectively. 

panwor and Jedhav (1977) and Raghunath (1977) 

reported cnn-i and Cates-3 were high yielding sorghum hybrids 

irrespective of their sowing patterns. 

bhrivaatava and :ingh (1980) reported that grain 

and dry fodder yields of sorghum were higher in cv. T 4 

than in hybrid CH-1 grown under tainted condition, 

Buono (1982) observed in Iowa (USA) that height of 

sorghum genotypes was affected with the row spacing and 

plant density. whereas there was no effect on the maturity. 

Trial conducted under 1+11 India Coordinated borghujn 

improveent Project at Indies, ttmat (1964), Rather. (1985) 

j 



and Deshmukh (1986) showed that sorghum hybrid CSH-9 gave 

higher yield than CiH-6, SPV-346 and s V-351, 

2.2 Influence  of crow arranganent on crop growth an yield 

Chand,ravanehi (1975) rL.ported that sorghum grown in 

paired rows 30 cm apart with inter-row-spacing of 60 cm or 

in single rows 45 cm apart gave yields of 2.85 and 2.57 

tonnes/ha, respectively. 

shelke and Krishnamoorthy (1978) at ICRISAT found 

that in two rows of sorghum 45 an apart alternating with 

one row of pigeonpea had no adverse effect on sorghum grain 

and gave a Small but consistent increase in pigeonpea yield, 

which was 60-70 ;4 of the sole crop. In sorghum..pigeonpea 

intercropping (421, 2:4 and 1:4 rows) the plant height, 

number of grains, test weight and dry matter/plant 

increased, while the yield of both crops decreased with 

decrease in the number of rows (Hircmath, 1979). 

5atyanerayan c& al. (1979) also observed that 

intercropping of soybean and groundnut with sorghum in rows 

60 an apart had no adverse effect on sorghum yield and gave 

an additional yield. 

willey (1981) also revealed that the planting 

geometry of important intercropping combinations at ICRISAT 

were (a) sorghuaVpigeonpea (2:1 rows and 100 % component 

population) (b) pearl millet/groundnut (1i3 and 25 + 75 %) 

and sorghum/pearl millet (1i1 and 50 i6 + 50 3a). 

6 



According to 6ingh (1981), the spatial pattern had 

only marginal effects on sorghum yield but greatly affected 

the yields of four intercrops viz., green gram, black gram, 

cowpea and groundnut. waghmare 	al., 1982 also reported 

paired sorghum (30/90 cm) with two roux of intercrop in 

between 90 an space gave maximum yield of sorghum and 

intercrops viz., soybean, green gram and cowpea. In sorghum/ 

pigeonpea (2;1) 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 ;6 sorghum + 

100 4 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 spacing. The dry matter accumulation of 

intercropped sorghum was only slightly less than sole 

sorghum and grain yields were semilar (4240 and 4500 kg/ha 

respectively). Thus despite the high sown proportion of 

pigeonpea are almost full yield of sorghum was achieved by 

maintaining the full sorghum population (whilley et al., 
198 2) . iron the  trial conducted under All India Coordinated 

Research project for Dryland Agriculture (AICRPD;) at Indore 

recommended the intercropping system as (a) sorghum/ 

pigeonpea (2s2 or 2:1 rows) (b) maize,/soybean (232) (c) 

pigeonpee/soybean (2:4 or 2:6) (d) maize/pigeonpea (2s2 

or 2:1) and (e) sorghumt/soybean (2s2 or 2:1 rows) 

(Anonymous, 1984). 

Umarani U& MI. .(1984) reported paired system of 
planting increased the sorghum production by about 24 % in 

7 



below normal situation of rainfall '(78.79 cm) . whereas 

uncer good rainfall situation, planting pattern did not 

show any difference. 

in the study under JLCRPDA at Indore early sorghum 

CI-I-6 intercropped with medium maturing pigeonpea like 

No.148 and Khargone-2 was tound suitable for miffed areas. 

it recommended sorghum/pigeonpea and sorghuiti/soybean under 

2s2 or 221 row arrangement for both (Anonymous, 1984). 

2.3 Influence 

 

of  ,sorghum  based iintercroonino systeo  on 
cro grawth ar iel 

2.3.1 	interc  r000ug 

;,gboola and rayeni (1972) found that the yield 

increased in cereals when intercropped with legumes might 

be  due  to  availability of biologically fixed nitrogen by 

legumes to cereals. 

Rao and Rana (1980) interpreted the data obtained 

from several All India trials and showed that the base crop 

sorghum and intercrop legumes gave 90 to 95 and 43 to 57 

per cent yields of their sole crop, respectively. 

Mafrag al- (1381) suggested for yield stability 

sorghum to be replaced corn in corn/legume intercropping 

without seducing legume yield, because sorghum is less 

affected by weather in North-East Brazil. 

8 
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2.3.2 ;:.orghum pigeonoea intercro rp~ing 

In a sorghua/pigeonpea intercropping system erect 

type pigeonpea genotypes were found better than spreading 

type for intercropping (Venketeswarlu, 1969). 

t•ccording to Willey and Rao (1979), the data of 94 

exaeriments revealed that the sorghum/pigeonpea inter-

cropping was more stable thin sole cropping of both crops. 

Reddy and Reddy (1950) also observed that under miffed 

conditions the pigeonpea yielded 1.09 to 1.13 t/ha as sole 

crop, but its yield 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. 

1~igeonpea cultivar iio.148 was found better than arabhat 

when intercropped with sorghum hybrid CSH-6 had no adverse 

effect on sorghum yield and gave an additional seed yield 

of 342 kg/ha (13halereo and Upadhyay, 1981) . 

osiru and Kibiru (1981) reported that yields of 

mixture of sorghnm/pigeonpea and finger mille/groundnut 

were large in comparison to respective seed crop stands. 

The best combinations cf the sorghum based intercropping 

were with maize in central America, millets in best Africa 

and pigeonpea in India (Willey g ,mil., 1982). 

This study also showed that although the pigeonpea 

component suffered considerable competition (reduced 

branching) during the period of sorghum growth,it partially 
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compensated later (little efrect on pot.  baring bs anches) 

and was finally able to produce dry matter yield equivalent 

to 53 % of the sole crop. since the sorghum competition 

largely suppressed the early vegetative growth of pigeonpea, 

the harvest index was increased froin 22 per cent in sole 

cropping to 30 per cent in intercropping thus the inter•• 

cropped pigsonpea seed yield was very considerable as 72 per 

cent of the sole crop (Willey &t Al., 1982). 

In the study under IUCIPDA at Indore, early sorghum 

CWj..6 (95-100 days) intercroppad with medium maturing 

pigeonpes li)e No.148 (165-170 days) and (hargone•2 (150-155 

days) was found suitable fox xainfed areas of halwa region 

to  t4.p. (k,nonymous, 1984) . mat (1985) suanmarised the result 
of the experiments conducted on sorghum based intercxopping 

under Afc Ii at Indore showed that intexcropping based on 

sorghum gave higher yield than Bole cropping pigeobpes and 

area, gave stable yield and 60 cm planting pattern was 
best. Bent planting pattern in sorghum (CSH-6)/pigeonpes 

(K-2) intercropping was sorghum rows 60 cm apart with one 

row of pigeonpea, followed by sorghum paired rows (30/90 cm) 

with two rows of pigaonpea. 

Umat (1984) revealed that sorghum hybrid cnn-9 And 
pig.o pea c-ii gave the highest yie d sssole crop as well 

as in intercroppiny. the crop yield being not affacte(j by 

pigeonpes plant density of 40 and 80 thousand plants/ha. 
!mailer results wee also obtained by kethore (398$), 



whereas Ceahfarljdh (1986) obtained highest total grain 

production fran sorghum C5H..9 with pigeonpea no.168,although 

total productivity Of grains did not vary significantly 

between C:sH-9 + No.168/C..11 or CsU.6 + t2o.148. 

Hunshal g se A. (1987) reported that intercropa red 
gram (7pi 120), green gram (s-9) and soybean (Bragg) had 

no adverse effect on yield and yield components of sorghum. 

H• further concluded in relatively better years of rainfall, 

the population of sorghum in the intercropp_ng system 

recorded higher grain yield over its 50 plant population, 

whereas the yield of sorghum was lass affected by inter, 

copping than those of grain legumes. Between the two grain 
legumes, relative yie.d reduction in the intercrops from 

the respective sole Crops was roof® in maong bean than in 

pigeonpea. 

2.3.3 	gWLOVbaaA int.raronuina 

Chandraysnshi (1975) concluded that intereropping 

of sorghum with soybean resulted in reduction in yield of 
grain sorghum. ;s his trial in 1972.73 sorghum in pure 
stands  or interaro;Wped with soybean, groundm&t and moong 

gave  average grain yield of 3.18, 2.44. 2.5 and 2.71 tonnes/ 

he respectively. whereas at the YC ISAT, the interarops 
a ean•cowea  and pearl millet with base cxop sorghum 

war* founds to be relatively nca-competitive and Utilised 

the wvixoommt most e!leotively (LCliBI, 1978). 
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k.illey and Rao (1979) observed that soybean was 
better then cowpea as intercrop with sorghum in alternate 

tow pattern. soybean yields with tall sorghum was 18 . less 
than those with short sorghum as result of decreased pods/ 

plant and seeds/pod. Tall sorghum cultivars were however, 

more productive than short cultivate (ffloore g.,1981). 

waghnare A a1. (1962) concluded the findings Of 
eVeriments cond:icted at 	New Delhi thi t sorghum in 

paired rows (30/90 cm) with two rows of iatercrops between 

90 cm space gave the maximum yields of sorghum and intercrops. 

Crops used as interczopn were soybeans  green gram and cowpas. 
whereas in the study k-ECJ41,DA at Zndore aorghusq/soyb*an (2*2 

or 281 rows) was toured suitable for Malwa tract (A.nonymous. 

1984). 

Hunshal jt g.  (1967) reported that intererops viz., 
red gram, green gram and soybean had no adverse elteetl on 

yield and yield components of sorghum. 

2.3.4 	g/s'1of lower intereronniuci 

Vala.iiappan ga 3,}. (1975) reported that sunflower 

Then interezopped with sorghum depressed the yield of 
sorghum. 

2.4 XntlueAGA  91 9hW boxed 1nr.tozerOiW  QS  t&t _ 

9Lea p 

Agboola and :'ayes. (1972) found that vied of ce7real 



incrcjanod when iatercro)d d with lin. This 	probably 

due to biologically fixed nitrogen by legumes availa:5la to 

cereal. It tndare Chandrevanshi (1975) found that inter- 

cropping grain sorghum with soybean resulted in a reduction 

in yield of grain sorghum. chile at lydarnbed in Inter-

national Crops Research Institute for semi-$rid Tropics 

it was indicated Prow the annual report (1975-76) that when 

bass crop of pigeonpes and sorghum were intercropped with 

pearl millet• soybean and cowpea, the intercropl~inq syater~s 

were relatively non-competitive and utilized the 

environment most effects.vely. 

tvilley and Roo (1979) round that on race soil, 

soybean $.I3med a. rather better ifteXorop than corwma in 

alternate row pattern with sorghum and gave extra yield 

as comparedt0 sole crops. 

Reddy and Reddy (1980) found that wood yield of 

p1geoapee in pure stand was 1.09 to 1.13 %/he and its 

yield with sorghum and cowpea as a mixed stand was very 

less. but they gave the highest pigaonpea sand equivalent 

yields of 2.52-2.57 t0/ha. While it was reported that yields 

of mixt.ares of sorgh:WVpigooapas and finger millet,/ 

graundaut ware large in caq)arison to respective sole crop 

stands. Usirs and Kibra (1901), thalarao and Up yay (1981) 

reported that interoropping of pigaonpee in between wide 

rows of sorghum had no adverse effect on sorghum yield 4W 

gave an additional average seed yield of 342 icg/hs. "go 



(1961) yieid increased by 21.6, -20.3, 29.3, 36.5 and 14.2 

per cent when grown in association with green gram, black 

gram grain and fodder coupes and groundnut respectively, 

when compared with sorghum alone. a,.il1ey = ,~1. (1981) 

sugaesteu that as a sole crop, pigeonpea was relatively 

inefzieient because of its low initial growth rate and low 

harvest i:xi®x. 

Umat (1984) and Kathore (1985) found that sorghum 

Csti-9 with pigeonee C-11 gave the maximum grain production 

but it was at par with pigeonpea L40.148, whereas 2))a&hmukh 

(1986) found maximum total grain production from sorghum 

C&8.•9 with pigeonpea No.148 nearly followed by total grain 

prod.ertion from sorghum CbH.9 with pigeonpea C..1 Z, but 

yields in both were at par. 

to a trial conducted under 41CRPDA at Indore during 

1985,.06, sorghum hybrid cbH-5 with pigeonpee variety 

8 71..37 gave highest grain production (5974 kg/he) followed 

by in order by the sorghum varieties, SPV«462 (5972 kg) and 

EpV-351 (5933 x9) per ha, (1,nonymous, 1986). t.hereas in the 

intereropping the sorghum hybrid CU1N.6 with pigeonpea 

genotype i:; 71.37 gave highest grain production (4138 kg/ha) 

followed in order by the sorghum variety S*Vr495 (4130 kg/ 

he) ai sorghum CsH-5 (3955 kg/ha) (Fanonymous, 19$8). 

14 
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2.5 	 bescd a ntercc o~ ,inc9 

_guivaleat 1ta 	(s.1Sh) 

Tarhalkar and tiao (1975) reported that the highest 

LLR of 1.54 was found in eorghupigeOSaa followed by 1.43 

in aorghuWsoybe"a and 1.16 in sorgh4Wgroundnut inter-

cropping at Hyderabad. taut at Indore gander 1 C.,8p trials, 

the sorghum based intascropping with pigeaspea, soybean and 

groun6nut yielded ySk of 1.38, 1.46 and 1.31 respectively 

(J=nouyroua. 1976) . •.. trial wee conducted by vahs+a and 

l;fllar (1978) at USA and found 6 to 11 per cent yield 

advantages in sorghurreoybean intercropping• whereas Mohta 

and pe (1980) concluded thc;t growing soybean in between 90 

cm row o soybean (1,80.000 plLsnta/ha) gave the highest LER 

of 1.35 in India. 

The filed results of 40 experiments concluded by 

h.XCSLty, twzGlu~3:A, cRu:6HT etc. at different places of ndia 

during 1972-73 revealed that the 8R of aorghuWpigeonpea 

(201) intercroppisAg was 1.46 (kao and i1ley, 1981). 
L 

k,,aris a &J. (1983) reported that the main relative 

yield advantage of maize/cawpea, maiaefbean, sorghunveowpea 

and wrgh-im/bean 1nterasoppinS patterns was 32 per cent as 

i lCete,3 by LB)t in North-test L re.il. 

,fit indare un.er h CRPI2A sorgh 	(CSft.6) with inter.. 

drops pigeonpea and soybean yielded T.Ek of 1.53 and 1.13 

redpeotively (!nosy1ua. 1984)• Umat (1984) and Kathore 



(1185) ;.ount ma.Kim, -RR in sorghum (v.3 51) + pijeoapea 
{C*11) cutrbination, whereas Zshu~akh (1986) reported maximum 

L h in sorghum (C.;H-6) + pig eonpna (C.•11) combination, 

In the study unu®r .ZCF.a.LA At tndore during 1; 5. t6 

the intercrvp con ination of sorghum hybrid CaH.$ aid 

pigeonpes its 71-37 appeared to be the snout prodact3ve 

giving L R of 1.64 followed by sorghum hybrid C..6 

pigeonpea lS 71-37 i.e. 1.54 (Anonymout), 1986). 

2.6 1ni13onca g1 2L9& 	sOd 1terasoha4cY 21 Oç 

e~,turn 

At Udaipsr. Shrivastava and uingh (1975) Eauod th®t 

the sorghum based intercro;)ping with pigeonpea, black gram, 

gxoundnjt, green gram and soybean gave the net profit of 

F,s.7260, 6605, 6410. 3210 and 5055 respectively, the not 

return from sole sorghum being ka.4745/he. while .arhalkar 

and Roo (1975) reported that the gross monetary return from 

sorghwq/pigOJ npea+ sorghLUVsoybean and sorghuw/groundnut 

latereropp>ag were x..84229 7806 rind 7521/ha respectively 

and for sole sorghum it was ks.6772 at Hyder,bad, 

Kamd.s 	. (1960) reported ptg.anpea/oroundnut 
as more profitable then sorghun/pigaonpaa and soybeaq/ 

pigeonpea in TamiltUadu. UUder rai„fed Conditlona JaBhav 
ar,~ cl,~rd erl. j% al. (1983) 	_t that Inferooppim of gran gram 

and ground*z t In paired planting of sorghum increased the 

monetary returns by 9.91 and 13.77 per cent respectively. 
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The experimental findings of k,1CS P and A:C"rA during 

the past decade iu India were su exi ed by Willey 

(1982) and found tot the sorghum based intarcropping with 

diff(mrent legumes Such as pigeoapea, soybean, groundnut, 

cowpee, green gru.-a etc. were proSita+)le giving the monetary 
returns of 10 to 50 per cent more than the sole crop 

depending upon the location and the type of intercropa. 

looreever, the sorghmVpigeOoaa interCropping was found to 

be pro€itable, stable and ideal for r'infed conditions in 

India. 

Verne and Ya v (1983) calculated the monetary 

returns for sorgh:u Ipigeonpea, aorghusoundnut inter-

cropping and for sole sorghum which was 1e.7641 to 0581, 

7660 ind 6006 tO 6836/ha respectively. They further stated 
that taking sorghum (C"-5) in 30 cm paired rows and 

planting one sow Of pigeonpes (Op4$ 120) in 60 cm space 

between erech pax of rows was the best pattern giving the 

highest owes income of a.8581/ha with a profit of Fts. 
171$/ha over that of sole sorghum (ka.6806/ha). 

Umat (1984) reported that the highest monetary 

returns of p5,5228/ha was obtained from the treatment of 

sorghum hybrid QPi-9 intercroppad with pig monpas genotype 

C.41 (40.000 planti/ha). &imilsr findings Were observed 

by Rathore (1965) with maximum gross monetary returns of 

ks.56 3.66/ha. in the some place ender AZrRPn A trials the 

,am hosed ..ntnrcn pplr with ~yir~~on;s~ . ur~erherc nd 



gxoun-, rut ,"vo t i Xi:4PBct+-.e grO3e i,n:tit;t;:,r ret.iztia Ot 

Ru*561l, 654 id 6058. &or sole aoryh` m it was 1ts.5364.62,/ 

he (twaymo:~s. x 4). 	erly for the auo+:e meatioled 

irtercrop, Joy system and for sole sozgh„U the gross Monetary 

XCtirns wer:o i:s.6370.92, 5617.93, 6200.89 and 5364.63/ha 

respectively (Jmat• i85). 

s 1mil any i. an a perirnent under JL CRi'r . at £odore, 

intercroppi:,g sorgh= hybrid CH-5 with pigeonpea variety 

A:; 71..37 gave highest monetary retarn (hs.1a775/he) 

followed in order by the sorghim varieties PV-462 

(ks.12419/ha), 5av-351 (iks.11980/hs), hybrid C&H-9 

(tia.119i0/ha) and variety s1^v-475 (Rs.11431/ha) which were 

at par. In the same year in an another experiment with 

100 i► sod 75 % plant population of sorghum and pigeoppga 
gave maxima+ grono manetssy return nearly followed by 
100 56 +end bo f: pant population of sorghum and plgeoapom 

respective 	 1966) . s,orghum hybrid C&fl .6 with 

piy~nonpes variety rS 71..37 also gave highest monetary 

returns lj+x.1172 /ha) followed in orc er by the sorghsim 

variety Ni?v-475 (a.10468/ha) . Hybrid CUtl..5 (a s.9254/ha) 

and variety sov-462 (R..9111/ha) . xn sole cropping, sorghum 

hybrid C6H-6 and C.38-5 gave high monetary returns i.e. 

1<a.65B1/hs and Re.5881/ha respectively (iwnonymoti, 1988). 
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This chapter deals with a precise description of 

the materials used and the methods adopted during the 

course of the investigations. 

3.1 Lxnerimental site 

The present experiment as conducted in field No.3, 

igriculture Research Farm, College of Igriculture, indore 

(h.p.) during kharif season of the year 1988.89. This 

experiment was a part of All India Coordinated Sorghum 

improvement project agronomy experiments to be conducted 

at indore. 

3.2 c:li na ar seaSOP 

indore is situated in Malwa Plateau, test of iladhya 

praaesh having a latitude of 22.43° North and longitude of 

75.660 Last with 555.5 metres above mean sea level. This 

region comes under sub-tropical climate. Most of the 

rainfall is received during mid-June to early October, 

t mperaturs ranges 70C to 90C in winter and 230C to 410C 

in summer season as minimum and maximum. 

The meteorological data i.e. average weekly 

temperature (°C) maximum and minimum, mean relative 



h:uaiL.ity (>.) • weekly raisnfa:i:. (min) , that prevailed during 

the period of crop growth presented in table 3.1 and Fig. 

3.1 under standard meteorological weeks. 

iab:ie 3.1 1.leteoroluyicai observations during the period 
of inv.stigation from June 1988 to Jan. 1989* 

month atandard Average weekly been Meekly Average 
week 0 temperature c relative rainfall weekl 

evafloy  humidity (mm) 
maximum Minimums ration 

(mm) 

June 88 23 41.86 27.56 60.46 1.52 12.03 

24 39.79 27.21 62.00 29.45 9.70 

25 34.47 24.57 82.57 6.85 5.51 

26 33.79 26.04 74.79 48.76 4.92 

July 88 27 32.43 24.79 80.29 18,26 4.71 

28 31.43 24.79 87.00 95.49 4.02 

29 30.57 24.71 88.26 121.45 3.11 

30 28.93 23.57 93.14 59.16 3.13 

31 29.50 24.64 91.30 56.04 3.51 

Aug. 88 32 28.93 23.86 91.57 U84--W 3.51 

33 30.50 24.50 91.00 - 3.70 

34 28.21 24.14 92.57 175.86 2.55 

35 30.71 24.29 88.14 20.30 3.08 

nept.88 36 32.79 24.93 85.71 - 4.79 

37 32.86 24.21 84.70 42.92 3.92 

38 31.57 23.86 91.57 92.11 3.77 

39 30.76 24.21 90.86 62.40 3.07 

contd.., 

20 
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'dabie 3.1 	(contd....) 

Month standard iverage weekly dean Weekly Average 
week temperature oC relative raiclia12 weekly 

humidity evapo- 
Maximum minimum (~.) (MM) ration 

(mm) 

Oct. 88 	40 30.21 22.71 87.29 110.51 3.40 

41 30.86 18.21 74.71 - 3.89 

42 34.00 19.50 64.71 - 4.56 

43 34.07 15.36 50.57 - 4.59 

44 32.64 14.64 50.71 - 4.21 

Nov. 88 	45 31.29 12.21 55.71 1.27 4.16 

46 30.43 10.50 49.57 - 4.06 

47 30.07 11.29 53.57 - 3.67 

48 27.86 10.86 .55.07 - 3.32 

Lec. d~, 	49 28.43 9.21 53.32 - 3.12 

50 28.86 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 	1 	28.14 10.21 59.57 	- 	3.32 

*Leta recorded from meteorological observatory under 1,11 
India Coordinatediturearchd

Project on J.ryland Agriculture, 
College of ,S7 
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3.3 :oil 

The soil of the experimental area was medium black 

clayey soil with uniform topography. 

relcre sowing, the surface soil samples (0-22.5 cm) 

were collected randomly with the help of soil eager from 

the experimental field. The samples were mixed to prepare 

composit sample which was air dried, sieved through 2 mm 

sieve and used for analysis. 

The mechanical and chemical compositionot represent- 

:aboratozy

tivesoil samples were carried out in soil testing 

 of the College of Agriculture, 'adore. The 

ena~ytical results are presented in table 3.2. 

Table 3.2 mechanical and chemical composition of 
the soil of the experimental field 

SN 	Composition Content icthod 

A. F1 	a 	1 
sand 13.48 % Hydrometer 

Silt 33.64 % Hydrometer 

Clay 62.88 % Hydrometer 

B. Chemj,.Aa 
pH 7.8 PH meter (glass 

electrode) 

Electrical 0.15 mmhas/cm Conductivity 
conductivity meter at 2560 
organic carbon 0.65 % (low) walkley and 

Black's method 
,vailable nitrogen(8) 235 kgfha(low) kaiine 

permengnete method 

fvailable 29.0 x%/ he Colorimeter 
phosphorus W295) (medium) 
Available potash (K20) 610k/ha(high) name photometer 



Chemical ana..yais revealed that the soil of the 

experimental field was calcareous with alkaline reaction 

and high water holding capacaty. it was also observed that 

the soil was low in available nitrogen and phosphorus but 

high in available potash. he results of mechanical analysis 

indicated that soil was clay in texture. tue to the 

dominance of montmorillonite and high clay content it had 

swelling and shrinkage property and high cation exchange 

capacity. 

3.4 gr 	a ! iny histoxv 9 the fie g  

The crops grown in the experimental field during 

last five years are given in tabie 3.3. 

Table 3.3 Cropping history of experimental field 

Year 	 Kharif 	Kabi 

1984-85 	sorghum 	wheat 

1985-86 	 soybean 	wheat 

1986-87 	 soybean 	.dheat 

1987-88 	Maize+Pigeonpea 

1988-89 	Experiment 

3.5 	i&a 2Le~wer~ment 

The experiment was laid out in simple randomised 

block design with three replications. teach replication had 



13 treatment cnmbinat.ionn. The c.ctualplan of layout is 

given in Fig.3.2. 

3.5.1 	erim  ental $fig° ! Other details  

(i) 1.xperinientai de$.►yn 	- 

(ii) Number of replications - 

iii) Number of treatments 	- 

(iv) Total number of plots - 

(v) Gross plot size 

(vi) Net plot size 	- 

vii) Distance between 
replication 

viii) Y:istance betweel 
	-  plots in a replication  

(ix) kkow arrangement 

randomised block aes..gn 

Three 

13 

13 x 3 -39 
9x6.3m-56.7ss in 
ax 5.6m-43.2 aqm 

1 in 

0.5 in 

(a) sorghum. CtiH-6/pi9e0n3>e5 (2t1)t 

Two rows of sorghum spaced 45 cm apart alternating 

with one row of pigeo.jpea at a distAnce of 45 cm from 

sorghum rows between 90 cm inter pair (10 rows of sorghum 

and 4 rows or p19a0apea per plot. "thin rows plant to plent 

distance 12 cm and 20 cm wus kept for sorghum and pigeonpea 

respectively. maintaining 66.6 plant population of 

sorghum to its sole treatment). 

(b) Sorghum, Ct~H-9/Pi9eonpe5 (211) 8  

Two rows of sorghum spaced 45 an apart alternating 

at a distance of 45 cm from sorghum rows between 90 Cm inter 
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pair (10 rows of sorghum and 4 rows of pigeonpea per plot 

at 12 cm and 20 cm planting distance respectively, 

maintaining 66.6 5m Plant population Of sorghum to its sole 

treatment). 

(c) b;orghum, C5t3_9/Pige0flpea (3s3) • 

Three rows of sorghum plznted 45 cm epart alternating 

with three rows of pigeonpea with 45 cm row to row distance 

(9 rows of sorghum and 6 rows of pigeon;9ea per plot at 12 

cm and 20 cm planting distance, respectively, maintaining 

50 ;y pllnt population of sorghum to its sole treatment). 

(d) Sorghum. CSH-9/8'.inflower (3e3)s 

Three rows of sorghum planted 45 cm apart alternating 

with three rows of sunflower with 45 cm row to row distance 

(f3 rows of sorgh m an 6 rows of sunflower per plot at 12 

c and 20 cm planting distance respectively, maintaining 

50 a plant population of sorghum to its sole treatment). 

(e) sorghum, CSf,-9/soybean (3:3)9 

Three rows of sorghum planted 45 cm apart alternating 

with th1ee rows of soybean with 45 cm row to row distance 

(8 rows of sorghum and 6 rows of soybei:n per plot at 22 cm 

and 5 cm planting distance respectively, maintaining 50 5~ 

plant population of sorghum to its sole treatment). 
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(f) -rxgIi'im, C.>H~9/pl9eonpea (4ss) 

Four rows of sorghum spaced 45 cm apart alternating 

with two rows of pigeonnea, with 45 cm row to row distance 

(10 rows of sorghum and 4 rows of pigeongea per plot at 12 

cm and 20 cm planting aitance respectively, maintaining 

66.6 % plant population of sorghum to its sole treatment). 

(g) sorghum, C6H_9/sunflower (4:2)s 

Pour rows of sorghum spaced 45 cm apart alternating 

with two rows of sunflower with 45 cm roti to row distance 

(10 rows of sorghum and 4 tows of sunflower per plot at 12 

cm and 20 cm planting distance respectively, maintaining 

66.6 % plant population of sorghum to its sole in the 

ocr.ipied rows of sorghum). 

(h) sorghum, CH-9/soybean (412) ; 

Four rows of sorghum spaced 45 cm apart alternating 

with two rows of soybean with 45 cm row to row distance 

(10 rows of sorghum and 4 rows of soybean per plot at 12 cm 

and 5 cm plantingdistance respectively, maintaining 66.6 ;. 

plant population of sorghum to its Sole treatment). 

(i) L;ole sorghum CH-s 

14 rows of sorghum with 45 cm row to row distance 

and 12 cm plant to plant distance. 
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(j) bole sorgh,ua, CLH-61 

14 rows of sorghum with 45 cm row to row distance 

and 12 cm plant to plant distance. 

(k) ::ole pigeon;)eas 

14 rows of pigeonpea with 45 cm row to row distance 

and •20 cm plant to plant distance. 

(1) bole sunflowers 

14 rows of sunflower with 45 cm row to row distance 

and 20 cm plant to plant distance. 

(m) bole soybeans 

14 rows of soybean with 45 cm row to row distance 

and 5 cm plant to plant distance. 

3.5.2 Z ! 't' 

There were 13 treaunents. 

A. cc1S~!atm- MSM 

1. borghua+ (CSH-6)/piyeonpea (C-1i)s 241 row proportion 

2. sorgh.un (CnH-9)/pi,„.onpea (C-11)3 201 row proportion 

3. Sorghum (C::R-9)/pig.onpea (C-ti); 313 row proportion 

4. sorghum (CSH-9)/aunfiower(Modern)s3s3 row proportion 



	
FIG. 3.3 EXPERIMENTAL LAYOUT PLAN (RANDOMISED BLOCK DESIGN) 	" 	t  

S 
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5. :.orgh,ea (c..H-9)/soybean (J '12-44), 33 row proportion 

6. sorghum (CbH-9)/pi9eonpea (C-i1) i 442 row proportion 

7. -orghum (C:,f1-9)/sunflower (i odern) 432 row proportion 

8. Sorghum (CsH-9)/soybean (J; 72-44) 4s2 row proportion 

C. A.dc i oval trattments 

9. bole sorghum (c-9) 

10. 10. hole sorghum (CS)'.`6) 

11. bole pigeonpea (C-11) 

12. bole sunflower (Modern) 

13. bole soybean (JS 72..44) 

3.6 Varietal cheractezistics 

3.6.1 	gh~ cuitivars 

3.6.1.1 c!i"A 

CsH-6 is a cross of 2219 A x CS 3541. 'lhe plants are 

but 160 to 180 cm tall and mature in about 95 to 100 days. 

The grains are pearly white and elliptical in shape. The 

upper 
leaves are narrow and painted upwards (crectophyll) 

and haves this genotype is suitable for intercropping. The 

grain yield is about 30 to 36 y/ha. 

3.6.1.2 c!±-2.  

CSH-9 is a cross of 296 A x Cs 3541. The plants are 

ab,gt 190 to 200 cm tall and mature in about 110-11s days. 

The leaves are broad and long. The panicles are semi-compact 



and bear roind, bola and pearly white grains. The averzge 
grain yield is around 35 to 40 g/ha. 

3.6.2 Lig 	getv..e 

3.6.2.1  C..11 

it matures in about 180 to 210 days. The average 

grain yield ranges from 15-20 4/ha. The grains are bold and 

red in colour. The test weight (1000 grain weight) is about 

100 g. This variety is well suited in Malwa region for both 

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

3.6.3 5unf10  er  geflOtYe 

3.6.3.1 Moe 

yt matures in about 90-95 days. The average grain 

yield ranges from 10-12 %/ha. The grains are black in 

colour. the test weight (1000 grain weight) is about 65- 70g. 

This variety was recommended for gener-.l cultivation in 1980 

and is well suited in Malws region for sole as well as mixed 

cropping. 

3.6.4  _Lo3Gbe!i oe11o_ tVoa 

3.6.4.1 Js 72-ll (oasreva) 

It is a cross of D 60-9647 x C 7034. Plant height 

varies from 55 to 60 cm. Plants are determinate, it flowers 

in 40-42 days end matures in 104-106 days. Flowers art 
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purples. rer i stant to shcttering. :,ecda ure aieGium is 
with 1000 seed weight of 90 g. 

3.7 ietail eff field ouerations 

3.7.1  nre'a ar 	i? 	j3 field 

The field was ploughed once with tractor followed 

by harrowing and planking. 

3.7.2 'ertillaer aan„lication 

Nitrogen, phosp''orus and potash were applied through 

urea (46 ,. y), single superphosphate (16 ;: F20
5) and muriate 

of potash (60 %. K20). respectively. ntire quantity of 

phosphorus and potash i.e. 40 kg/ha each, and 50 :. dose of 

nitroge:i i.e. 40 ky/ha were applied basaly. Burrows were 

opened 45 cm apart for application of l ee. Remaining nitrogen 

i.e. 40 kg/ha. was given as side dressing (6-8 cm away from 

rows of sorghum) when sorghum was 30-35 days old. 

nasal application of nitrogen (20 kg/ha) and 

phosphorus (40 kg/ha) was done by placing fertilizer in the 

furrows opened for pigeoppea and soybean each before 

seeding, whereas nitrogen to sunflower was given 6 40 kg/ha 

and phosphorus u, 40 kg/ha as basal dressing in the similar 

way. 

3.7.3 

pure. healthy and good quality seeds were used for 



sowing. The seeds of sorghum varieties C,74-o an Cs -9, 

pigeonpes variety C-11 wen received from Project Coordinator 

(.iorghum). Hyderabad, while seeds of JS 72-44 ,variety of 

soybean and modern,variety of sunflower were taken from 

accse~rch Farm, College of Agriculture, indore. 

3.7.4 	treaunent 

Treated seeds of sorghum and pigeonpea received from 

project Coordinator (Sorghum), Hyderabad were used, while 

the sunflower and soybean seeds were treated with Thiram 

(e 2 g/kg of seed to escape from fungal diseases. 1fterwards, 

soybean seeds were also treated with Rhizobium culture i 

3 g/kg Of seed Just before sowing. 

3.7.5 Time M$ metbg4 cif sowing 

The sowing was done on 28th June 1988 of all the 

crops simultaneously. in all the plots, sorghum, pigeonpea, 

sunflower and soybean were dibbled in rows at a depth of 

about 3-4 cm. 

3.7.6 Thini i g 

1XhinnIng was done by manually after 15 days of 

sowing to obtain the desired plant population. 

3.7.7 fir« 

Two weetiings were done by mam al labourer on 12 and 

27th July 1988. 



3.7.8  

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 plan nrotectian 

'avin• 5 :: grenul..s were applied in leaf whorls of 

sorghum plant i 10 kg/ha in the early stage of crop i.e. on 

3rd j+ugust. 1988. 

3.7.10 Harvesting 

First of all guard rows were harvested for getting 

net plot. The five tagged plants for recording the post 

harvest observations were harvested separately before 

complete harvesting. 

First of all sunflower verity modern was harvested 

on  13.10.1988. This was followed by soybean variety 

is 72-44 on 14.10.1988• sorghum variety CSH-6 on 26.10.1988 

sorghum variety Cbf-9 on 14.11.1988 and finally pi,leonpea 

variety C-11 was harvested on 4.1.1989. 

3.7.11 ; reshiJIc ec winnowing 

After harvesting the produce of each plot was 

allowed to dry in the field for 3-4 days. The grain yield 

and straw yield obtained from each plot were weighed 

separately in kg. 



3.8  cibeexvetio.1 record 

Dor recording observations five plants were selected 

randow .y an A tagg -c in eucl' piot. 

ys.iologicai growth st gus are the important 

parameters to indicate the status of plant growth the growth 

observations were recorded from 30 days after sowing and at 

a 15 days interval upto maturity, covering all the 

physiological stages like initial seedling stage, grai4/pod 

formation stage and maturity stage. 

Detains of the observation recorded during the 

course of investigation are given below. 

3.8.1 sorgh_ugn 

3.8.1.1 	e.harve$t jiii5I  

3.8.1.1.1  

!average final plant height of five randomly selected 

tagged plants of sorghum per plot was measured in cm from 

base of cob to the base of the plant by the help of a metre 

scale just before harvest. 

3.8.1.1.2 jASLS- !zaer  S1  fu ctional leaves  ,U panicle  

The number of functional leaves per p1Ont Was counted 

on fi•;e randomly tagged plants at the time of panicle 



errgenre when there were maximum number of functions:,: leaves. 

The leaves hay-mg more than 50 per cent green area to ful..y 

emerged leaf were considered as functional leaves. 

3.8.1.1.3 	r._Q9.2 leaf area  per Pl ant  at pan le 	9e ice 

(sq cm) 

k'ive 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 calculated as follows. 

Maximum leaf length x maximum leaf width x 0.747 x 

average number of green leaves 
per pl ,̂ nt (Sticker 11 Al. 

1961) . 

3.8.1.2 oat-har 	
tlies  

3.8.1.2.1 Rvpragg 	gf panicle (cm) 

Length of panicle of 5 randomly ssl,.:cted plants was 

recorded in cm from the base of lowest apikelet to the tip 

of the upper rno3t spikelet. 

	

3.8.1.2.2 ors n ld&Uht  PSE P 	(`3) 

drain weight of 10 randomly selected panicle. per 

plot was recorded 
in grammes. 

3.6.1.2.3 Ci e n yield PRE p 

The produce of  each plot was threshed and winowed 

s  parately. C'lsaned grains were weighed and yield per plot 

in kilogram was recorded. 



r 

3.0. x.2.4 	ast A.Exg 

`lest weight samples were drawn from harvested and 

cieaued grains of each plot. broken grains were discarded 

while counting 1000 grain$. 

3.8.1.2.5 Stover yield p€&: Ply 

stover yield per plot was weighed separately in 

kilogram and recorded plot wise. 

3.8.1.2.6 farves it e 

Total uury matter yield (whole plant exclsciing plant 

part below soil) and grain yield obtained from each plot 

were weighed separately in kg and expressed in percentage 

as follows= 

Lnonomc_ yield  (arain yield) 
Harvest index 0-) 0 	Total dry matter 	x 100 

3.u.l.2.7 Praia 	vex ratio 

The grain and stover yield obtained from each plot 

weighed separately in kg and expressed in percentage as 

follows$ 

[ -- - 

	Grain- stover ratio ever of fodder yield x 100 



3.6.2  

3.8.2.1 N..harvest studies  

3.8.2.1.1 }final plant height 

The average #inal height of 5 randomly selected plants 

of pigeonpea waa measured in cm by the help of metre scale 

just before harvest. 

3.8.2.1.2 Number off 9 ern leaves pgr pleat at 	 Bring 

The average number of green leaves of 5 randomly 

selected plants of pigeonpea was count_ =d. :hrce leaf lets 

of a leaf was considered as one leaf. 

3.8.2.2 post.-ham studies 

3.8.2.2.1 (:rain yiel,;g PAL P 

the grain yield of a•~ch plot was recorded in 

kilograms separately after threshing and winnowing. 

3.8.2.2.2 Test 911& 

,ample was drawn from finally clee,ned grain of each 

plot and weight of 1000 grains was noted in q. 

3.8.2.2.3 titover Y1".I.~ P& PA" - 

plot wise stover yield was recorded in g by weighing 

total stover yield per plot. 
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3.8.2.2.4 c:zoistOVX ra 

The grain and stover yield obtained from each plot 

were weighed separately in kg and expressed in percentage 

as follows$ 

~'t1ein yield 
Grain stover ratio ° Stover yield x 200 

3.8.3 ainflower 

3.8.3.1 P -hares ,dies 

3.8.3.1.1 in  a1 	h=1g 

The average plant height of 5 randomly selected 

plants of sunflower was measured in cm by the help of metre 

scale just besore harvest. 

3.8.3.2.2 1` ra9~ 	
of functional leaven a flowering 

;h a number of functional leaves per plant was counted 

on five randomly tagged plants at the time of flowering. 

The leaves having more then 50 :- green area were considered 

as functional leaves. 

3.8.3.21-ha 

3.8.3.2.1 	ifl yi 1 PM PISS 

The grain yield of each pint was recorded in kilogram 

separately after threshing and winnowing. 



°l 0 
J0 

3 .E3.3.2.2 i ~_st wweight 

samples was drawn from finally cleaned grain of each 

plot and weight of 1000 grains was noted in g. 

3.8.3.2 .3 stover Yie a PRE P o32 

plot wise stover yield was recorded in g by weighing 

total straw per plot. 

3.8.3.2.4 G rain stoyerratio 

The grain and stover yield obtained from each plot 

were weighed separately in icg and expressed iu percentage 

as iol ow8. 

tixain yield x 100 
cisain stover ratio 	Stover yield 

3.8.4 tw}Lbalg 

3.6.4.1 	-herveat dAI 

3.8.4.1.1 81nal plant heig 

The average plant height of 5 randomly selected 

plants of soybean was measured in cm by the help of metre 

scale just before harvest. 

3.8.4.1.2 axer+W!!flWflbS 2L functional leaves a flowering 

The number of functional leaves per plant was counted 

of five randolilly togged plants at the time of flowering 

emergence. 
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3.0.4.2 ostharvest studies 

3.8.4.2.1 Grain Y 	P.M. Pi" 

the grain yield of each plot was recorded in kilogram 

separately after threshing and winnowing. 

3.8.4.2.2 	91„ 

Sales was drawn from finally cleaned grain of each 

plot and weight of 1000 grains was noted in g. 

3.8.4.2.3 LotOVeF Yie PL P}9 

Niot wine stover yield was recorded in g by weighing 

total stover per plot. 

3.8.4.2.4  c3 1 	ver ratio 

The grain and stover yield obtained from each plot 

were weighed separately in kg and expressed in percentage 

as follows' 

Grain yield 
Grain stover ratio 	stover yield X 100 

3.8.5 og 	.end intercroos  yam,.. iaaonoea, sunflower 

and soybean 

3.8.5.1 94I9 5&8 Yi 	P3. P9. 

Total grain yield In kilograms per plot was obtained 

by adding the grain yield of sorghmn and intercrops in 

their respective treatments. 



3.8.5.2 Total land productivity 

To determine the total land productivity, band 

equivalent ratio (i R) for the different treatment combina-

tions was calculated. I4 was calculated by determining the 

ratio of the yield of an Individual crop in a intercropping 

system to its yield in a pure crop and adding the Fractions. 

Yi 1d of sorghumini er 	i  
Yield of sorghum in sole crop 	+ 

Yield of intercron in intercroz,Din57 system 
Yield of intercrop in sole crop 

3.E .5.3 rraag2  r{ronetary return from different 
in terms ojf  kL, /hs 

The monetary return from different treatments was 

calculated on the basis of prevailing market values of 

sorghum grain k,192, pigeonpea t ks.450, soybean 6 

Rs.518. sunflower r, ha.505, fodder of sorghum K.20 and 

pigeonpea stover (* Ra.20 per quintal. 

3.9 `jtatistical analysis 

The data obtained from various observations were 

analysed by methods of analysis of variance suggested by 

Yates (937). The table of skeleton of analysis of variance 

for sorghum and for treatment under investigation are 

presented in table 3.4 and 3.5. 
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Table 3.4 :koleton of analysis of variance for sorghum 

zource of .,1 	S... F-15 	Calculated 	Table value of F at 
variation & 

5 	1 

Replication 2 3.55 	6.01 

Sorghum 9 2.46 	3.60 

x.rror 18 

Total 29 

Table 3.5 L,keietofl of anaysiaof varji.;ncefor eq 	-,a 

aa' J- q l r»e n Fs 

ounce of 	
LF ss His Calculated Table value of k' at 

variation  5% 	1% 

Replication 2 	 3.40 5.61 

Treatments 12 	 2.18 2.89 

Lrror 	24 

Tot 31 	48 

The critical dift.rencss (C .t.) at 5 per cent level 

was  calculated for judging the significant differences 

btW.Sn different treatment means by using the following 

formula given by panne and uuxhatme (1957)a 



Lrror mean sum of sauaree 

	

s .gym. 	± 	n 

	

s .Em. 	ta.;dard error of mean 

	

n 	unber of replications 

CI) at 5`r: - ± 5.m. x j x t (error degree of 
freedom at 5 %) 

Table value of 't' at 18 df for 5 ;: - 2.101 

Table value of 't' at 24 df for 5'. - 2.064 
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 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 pages. 

4.1 Analysis of variance of sorghum 

Results of the ANOVA for 9 attributes of sorghum, 

viz., plant height, ~---~ 	_, leaf area, 

length of panicle, weight per panicle, grain yield, 1000 

grain weight, 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 significant 

when tested against the error mean square for plant height, 

grain yield and 1000 grain weight (Appendix II). 

4.1.1 p harvest studies 

4.1.1.1 Average final plant height of sorghum (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.., T4 (CSH-9 + sunflower, 
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3:3), T7  (CSH:-9 + sunflower, 4s2) and T6  (CSH-9 + pigeonpea, 

4:2). The latter was not significantly superior than T1  

(CSH_6 + pigeonpea, 2:1) but statistically superior to the 

rest of the treatments viz., T2  , T10  , T8  and T3(Table 4.1). 

Table 4.1 Average final plant height of sorghum 

T.No. Treatments Average plant height(cm) 

T1  CSFi_6 + pigeonpea (2:1) 143.20 

T2  CSH-9 + pigeonpea (2:1) 141.67 

T3  CSH-9 + pigeonpea (3:3) 137.53 

T4  CSH-9 + sunflower (3:3) 152.00 

T5  CH-9 + soybean (3:3) 139.70 

T6  CSH-9 + pigeonpea (4s2) 149.73 

T7  CSH-9 + sunflower (4:2) 151.33 

T8  CSH-9 + soybean (4 :2) 140.97 

T9  CSH-9 (sole) 152.27 

T10 
CH-6 (sole) 141.07 

S.Em. ± 	 2.26 

CD 5 % 	 6.72 

4.1.1.2 	er of green leaves per plant at panicle 

iergence  

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 T5  (CSH-9 + soybean 

3:3) had maximum number of functional leaves. This was 

closely followed by T5  , T4  and T3  (Table 4.2). 

Table 4.2 	Average number of functional leaves/plant 
at panicle emergence 

T.No. Treatments Average number of 
functional leaves 

T1  CSH-6 + pigeonpea (221) 9.3 

T2  C5FI-9 + pigeonpea (2x1) 9.7 

T3  CSH-9 + pigeonpea (3:3) 11.0 

T4  CSH-9 + pigeonpea (3:3) 11.1 

T5  CSH-9 + soybean (3:3) 11.5 

T6  CSH-9 + pigeonpea (4:2) 10.7 

T7  CH-9 + sunflower (4:2) 10.5 

T8  CSH-9 + soybean (4:2) 10.5 

T9  CbH-9 (sole) 9.8 

T10  CSH-6 (sole) 9.2 

s.Sn. ± 	 NS 

4.1.1.3  Leaf area  per plant  aj panicle emergence  (sq cm) 

Maximum leaf area was observed for CSH-9 grown with 

soybean in a 3:3 planting geometry (Table 4.3). However, it 

was statistically at par with T4  (CSH-9 + sunflower, 3:3) 

and T3  (CSH-9 + pigeonpea, 3:3). The latter was also 

significantly superior to rest of the treatments, except 
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T6  (CSH- 	+ pi;eanvea, 4:2) and T7  (CSH-9 + sunflower,4:2). 

The minimum area was observed for sole CSH-6 (T1U). 

It was interesting to note that leaf area of CSH-9 

grown as sole crop (T9) and CSH-9 grown in association with 

pigeonpea in 2:1 planting geometry was at par. similarly 

CSH-6 + pigeonpea, 2:1 in T1  was at par with CSH-6 (sole) 

in T10. 

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

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

T1  CH-6 + pigeonpea (2:1) 2635.16 

T2  Cbh-9 + pigeonpea (2:1) 3241.02 

T3  CSH-9 + pigeonpea (3:3) 5004.67 

T4  CH-9 + sunflower (3:3) 5451.74 

T5  CSH-9 + soybean (333) 5973.91 

T6  CSH-9 + pigeonpea (4:2) 4314.19 

T7  CsH-9 + sunflower (4:2) 4078.31 

TB  CSH-9 + soybean (4:2) 3605.16 

T9  CSH-9 (sole) 3091.33 

T10 
CSH-6 (sole) 2197.36 

S.Em. ± 433.28 

CD 5 % 1287.39 
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4.1.2  Post harvest studies 

4.1.2.1  Hverage  length of panicle  (cm) 

Maximum length of panicle was observed for T5  (CSH-9 

+ soybean, 3:3). Treatment T5  was nevertheless statistically 

at par with T4  and T3  (Table 4.4). Tg  was significantly 

superior than rest of the treatments, excluding T10. CSH-6 

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

at par with 2 other treatments, viz., T1  and T2. 

Table 4.4 Average length of panicle of sorghum 

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

T1  CSH-6 + pigeonpea (2:1) 24.67 

T2  CSH-9 + pigeonpea (2s1) 24.87 

T3  CSH-9 + pigeonpea (3:3) 26.40 

T4  CSH-9 + sunflower (3s3) 26.80 

T5  CSH-9 + soybean (3s3) 28.73 

T6  CSH-9 + pigeonpea (4:2) 25.67 

T7  csH-9 + sunflower (4s2) 25.33 

T8  CSH-9 + soybean (4:2) 25.60 

T9  CSH-9 (sole) 25.47 

T10  CSH-6 (sole) 22.47 

S.Em. ± 	 0.88 

CD 5 % 	 2.64 

47 
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4.1.2.2 Graiii freight per panicle (g) 

The grain weight per panicle of CbH-9 was found 

maximum when grown in association with soybean in 323 

planting geometry (Table 4.5). This treatment was signifi-

cantly superior to rest of the treatments. CSH-9 'recorded 

42.0 g grain weight per panicle, when grown in association 

with sunflower in 333 system. However, this was statistica-

lly at par with 6 other treatments viz., T9 , T6 , T3 , T7 

T2 and T8 and grain weight per panicle of CSH-6 was 

significantly lower than 	CSH-9 (sole) but interestingly 

it was at par with T1 , T2 , T8 and T7 (Table 4.5). 

Table 4.5 Grain weight per panicle in sorghum 

T.No. Treatments 	Grain weight per panicle (g) 

T1 CSH-6 + pigeonpea (231) 27.20 

T
2 

CSH-9 + pigeonpea (231) 35.67 

T3 CSH-9 + pigeonpea (333) 38.12 

CSH-9 + sunflower (333) 42.00 
~4 
T5 cSH-9 + soybean (3 s 3) 54.33 

T6 CH-9 + pigeonpea (412) 38.50 

T7 CSH-9 + sunflower (4:2) 36.00 

TB CSH-9 + soybean (4:2) 33.67 

T
9 

CSH-9 (sole) 33,50 

T10 CSH-6 (sole) 25.00 

3.92 

CD 5% 11.65 
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4.1.2.3 Grain yield (kg/ha) 

it can be seen iron the table 4.6 that maximum grain 

yield of sorghum was obtained from CSH-9 grown in association 

with pigeonpea in 221 planting pattern (T2) which was at par 

with sole CSR-9 (T9). 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 3s3 planting geometry (T7) (Table 4.6). 

Table 4.6 Average grain yield of sorghum 

T.No. Treatments Average grain yield 
(kg/ha) 

T1  C5H-6 + pigeonpea (2s1) 2662.00 

T2  CSH-9 + pigeonpea (2:1) 3787.87 

T3  CSH-9 + pigeonpea (323) 2534.70 

T4  CSH-9 + sunflower (323) 2736.10 

T5  CSFi-S + soybean (313) 2944.40 

T6  CSH-9 + pigeonpea (4s2) 3164.30 

T7  CSH-9 + sunflower (422) 2682.80 

T8  CSH-9 + soybean (422) 3099.50 

T9  CSH-9 (sole) 3564.80 

T10  CH-6 (sole) 2849.50 

S.E. ± 	 108.40 

cD 5 % 	 311.60 



FIG. 4.6 	?tVEhJGc. Gkni:v Ylj OF UhGU0 I.i LLFFEhU..T T'REtT1-.,_..TJ (F._j/ha) 

3000 

3700 

3 600 

3500 

3400 

l,300 

3200 
U) 

3100 
C 

3000 

2900 

u %800 

v X700 
U) ti 
Q' 2600 

2500 

0 

} 	4 	15 	16 	7 	18 	T9 	T10 
TREATMENTS 



4.1.2.4 1000-grain Night (g) 

It was observed that CH-6 in association with 

pigeonpea in 21 planting geometry (T1) had highest 1000 

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

T10  and T7  was at per with T1. 

minimum 1000-grain weight was observed for T9  (CSH-9 

sole) which vas statistically at per with T2  , TB  and T3. 

Table 4.7 1000-grain weight of sorghum 

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

T1  CSH-6 + pigeonpea (221) 24.93 

T2  CSH-9 + pigeonpea (2:1) 21.73 

T3  
CSH-9 + pigeonpea (323) 22.67 

T4  CSI-I-9 + sunflower (3a3) 24.33 

T5  CSH-9 + soybean (3:3) 24.27 

T6  CSH-9 + pigeonpea (4s2) 21.53 

T7  CSH-9 + sunflower (4s2) 23.67 

T8  CSH-9 + soybean (422) 22.47 

T9  CSR-9 (sole) 21.47 

T10  CSH-6 (sole) 24.20 

S.Em. ± 0.60 

CD 5% 1.80 
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4.1.2.5  Stover yield  of sorghum (kg/ha) 

maximum straw yield was recorded for CSH-9 grown 

in association with pigeonpea in 2:1 planting geometry 

(Table 4.8). However, it was statistically at par with T9  

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 

(T1). it was neverthless, not inferior than T10  ,T8  and T4. 

Table 4.8 Stover yield of sorghum 

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

T1  CSH-6 + pigeonpea (2s1) 4012.27 

T2  CSH-9 + pigeonpea (2s1) 9644.91 

T3  CSH-9 + pigeonpea (3x3) 4706.71 

T4  CSH-9 + sunflower (323) 5324.07 

T5  CSH-9 + soybean (3s3) 6254.00 

T6  CSH-9 + pigeonpea (4:2) 7434.49 

T7  CSH-9 + sunflower (4s2) 6327.08 

T8  CSH-9 + soybean (4s2) 5246.76 

T9  CSH-9 (sole) 9490.74 

T10  CSH-6 (sole) 4320.83 

S.Em. ± 545.06 
CD 5% 1619.44 

51:.  
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4.1.2.6 Harvest  index  o£ sorgh m 

Maximum harvest index of 33.37 was recorded for 

CSH-6 in association with pigeonpea in 2:1 planting 

geometry in Ti. However, it was statistically superior to 

all other treatments except T8  (CSH-9 + soybean, 4:2) and 

T3  (CSH-9 + pigeonpea, 33). Minimum harvest index of 

24.46 was observed in CSH-9 as sole crop (T9) (Table 4.9). 

Table 4.9 Harvost index of sorghum 

T.No. Treatments Harvest index (%) 

CH-6 + pigeonpea T1 

 

(2s1) 33.37 

T2  CH-9 + pigeonpea (2:1) 24.b2 

T3  CSH-9 + pigeonpea (333) 29.8 5 

T4  CSH-9 + sunflower (313) 29.29 

T5  CSH-9 + soybean (3s3) 27.95 

T6  CSH-9 + pigeonpea (4s2) 25.96 

T7  CsH-9 + sunflower (4s2) 25.90 

T8  CSH-9 + soybean (4:2) 31.46 

T9  CSH-9 (sole) 24.46 

T10  CSH-6 (sole) 29.50 

S.Em. + 	 1.21 

CD 5% 	 3.60 
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4.1.2.7  Grain  stover  r«tio 

P•iaximum grain stover ratio was observed for CGH-6 

in association with pigeonpea under 2:1 planting pattern. 

This was statistically at par with its sole in T10. Both 

these treatments are significantly superior to the rest 

of the treatments. The minimum grain stover ratio was 

observed in sole CSH-9 under T9  and this was significantly 

superior to rest of the treatments except T5  (Table 4.10). 

Table 4.10 Average grain stover ratio of sorghum 

T.No. Treatments r.verage grain stover 
ratio (%) 

T1  CSH-6 + pigeonpea (2s1) 66.65 

T2  CSH-9 + pigeonpea (231) 39.90 

T3  CSH-9 + pigeonpea (3:3) 54.38 

T4  CSH-9 + sunflower (3:3) 52.79 

CS-9 Tg 

 

+ soybean (3s3) 48.83 

T6  CSH-9 + pigeonpea (4s2) 49.25 

T7  CSH-9 + sunflower (4s2) 42.48 

T8  CSH-9 + soybean (4s2) 59.98 

T9  CSH-9 (sole) 37.26 

T10 CSH-6 (sole) 66.34 

S.Em. + 	 2.04 

CD 5 % 	 6.06 
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4.2 Pigeonpea  

4.2.1 pre-harvest studies 

4.2.1.1  Average final plant  height of pigeonoea  (cm) 

it was clear from the table 4.11 that maximum plant 

height was associated with sole pigeonpea. It decreased 

when intercropped with CSH-9 in 4:2 and 3:3 planting system. 

Table 4.11 [`.verage final plant height of intercrops as 
affected by different planting system (cm) 

planting 	Sorghum CSH-9 	Sorghum 
pattern 	 CSH-6 

i nter- 
crops 	Sole 	323 	432 	2:1 	2:1 

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 

Maximum number of functional leaves was recorded 

from pigeonpea in association with CSH-6 in 2s1 plant-ng 

geometry. 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 4.1.2 	average n_unoer of functional leaves per plant 
of intercrops at flowering as affected by 
different planting system 

planting 	sorghum CSH-9 	Sorghum 
pattern 	 CST--6 

Inter- 
crops 	Sole 	323 	4s2 	2s1 	2:1 

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 	post-harvest studies 

4.2.2.1 	Test weight (g) 

maximum test. weignt was recorded from CiH-9 + 

pigeonpea, 2:1 whereas the minimum test weight was 

recorded in its sole cropping (Table 4.13). 

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

planting 	Sorghum CSH-9 Sorghum 
pattern CSH-6 

Inter- 
crop 	sole 	33 	4:2 	2:1 231 

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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4.2.2.2  Gran yiald  (kg/ha) 

Sole pigeonpea showed maximum grain yield. It 

reduced as the number of rows of pigeonpea decreased from 

14. Under 2.1 planting geometry, pigeonpea showed higher 

grain yield with CSH-6 is comparison with CSI-!-9 

(Table 4.14). 

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

planting 	sorghum CSH-9 	Sorghum 
pattern 	 CSH-6 

inter- 
crops 	bole 	3:3 	422 	2:1 	231 

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 yield  (kg/ha) 

Maximum stover yield was recorded from sole pigeonpea. 

it reduced when intercropped with sorghum. Hs the number 

of rows of pigeonpea reduced from 14 the stover yield also 

reduced. pigeonpea recorded more stover yield when 

intercropped with c6H-6 than with CSH-9 under 2:1 planting 

geometry (Table 4.15) . 
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Table 4.15 3 ov-sr yiald of intercrops as affected 
by different planting system (kg/ha) 

Planting 	Sorghum CsH-9 	sorghum 
pattern 	 CSH-6 

Inter- 
crops 	sole 	3:3 	4:2 	2s1 	2sl 

Pigeonpea 	3780.79 1581.71 1003.01 733.10 1041.67 

Sunflower 	1254.63 886.57 481.48 	- 	- 

Soybean 	1481.48 625.00 337.96 	- 	- 

4.2.2.4 Grain stover ratio (%) 

Highest grain stover ratio was observed in CSH-6 + 

pigeonpea, 231 followed by CSH-9 + pigeonpea, 4:2 and 

CSH-9 + pigeonpea. e:1. iiininum grain stover ratio was 

recorded from pigeonpea sole (Table 4.16). 

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

planting Sorghum CSH-9 Sorghum 
pattern CSH-6 

Inter- Sole 	3:3 4s2 	2:1 231 crops 

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 	- - 

~Pl 
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4.3 sunflower 

4.3.1 Pre-harvest studies 

4.3.1.1 Average final plant height of sunflower (cm) 

Maximum plant height was observed for sole sunflower 

followed by CSH-9 + sunflower,4:2 and CbH-9 + sunflower,313. 
T blz C ({.~ I) 

4.3.1.2 Average number of functional leaves per plant 

Maximum number of functional leaves per plant was 

recorded in CSH-9 + sunflower, 3:3 which was closely 

followed by sunflower sole and CSH-9 + sunflower, 3:3 

(Table 4.12). 

4.3.2 post harvest studies 

4.3.2.1 lest weight (g) 

Sole sunflower showed maximum test weight. This 

was closely followed by CSH-9 + sunflower, 3:3 and CSH-9 

+ sunflower, 4:2 (Table 4.13). 

4.3.2.2 Grain yield (kg/ha) 

Maximum grain yield of sunflower was associated 

with its sole treatment. It decreased with the decrease 

in the number of rows of sunflower from 14 (Table 4.14). 



4.3.2.3 stover yield (kg/ha) 

Sole sunflower -recorded maximum stover yield. It was 

followed by CSH-9 + sunflower, 3:3 and CSH..9 + sunflower,4s2 

in order (Table 4.15) . 

4.3.2.4 Grain stover ratio 

Maximum grain stover ratio was observed in sole 

sunflower. Whereas minimum grain stover ratio was 

associated with CSH-9 + sunflower 323 (Table 4.16). 

4.4 Soybean 

4.4.1 pre harvest studies 

4.4.1.1 	final plant height (cm) 

Maximum plant height of soybean was recorded in 

CI-I-9 + soybean 323 followed by CsH-9 + soybean, 4s2 and 

sole soybean in order (Table 4.11). 

4.4.1.2 Average number of functional leave per plant 

Data boxed in table 4.12 showed that sole soybean 

recorded maximum functional leaves/plant. It was followed 

by CS}{.9 + soybean, 4s2 and CSH-9 + soybean,3:3 in order. 
Tob e (G•I2) 

4.4.2 Post harvest studies 

4.4.2.1 Test wei it (g) 

Maximum test weight of soybean was with csH-9 + 
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soybean. _:2.  = t ., _.. folaod by CSH-9 + soybean, 3:3 

and sole soybean, in order (Table 4.13). 

4.4.2.2 Giain yield (kg/ha) 

Data contained in table 4.14 revealed that sole 

soybean gave maximum grain yield. It was followed by CSH-9 

+ soybean, 3:3 and CSH-9 + soybean, 4:2, in order. (To)le 4.14 ) 

4.4.2.3 Stover yield (kg/ha) 

Maximum stover yield was associated with sole 

soybean. it was followed by CSH-9 + soybean,3:3 and CSH-9 

+ soybean,4=2. in order. Tome- f ~r•U 

4.4.2.4 Grain stover ratio 

Maximum grain stover ratio was observed in sole 

soybean, which was followed by CSH-9 + soybearr,3:3 and 

CSH-9 + soybean, 4:2 in order. ("hole- C,.1() 

4.5 Ana 	s of variance for treatments 

Results of the ANOVA for total grain production, 

gross monetary return, sorghum equivalent ratio revealed 

that mean sum of squares of treatments were significant 

for all the characters (Appendix II). 

Mean sum of squares for replications were not 

significant when tested against the error mean squares for 

above sited characters (Appendix il). 
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4.5.1 Total grain roroduction (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  , T5  and T8. 

T6  was statistically not superior than T9  , T5  and T8  but 

significantly superior than the rest of the treatments.T•;inimum 

grain yield was recorded in T12  , which was significantly 

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

Table 4.17 Total grain production (kg/ha) 

T.No. Treatments Average total grain 
production 

T1  C5I--6 + pigeonpea (2t1) 3163.65 

T2  CSH-9 + pigeonpea (2s1) 4122.69 

T3  CSH-9 + pigeonpea (3:3) 3094.21 

T 
4 

CSH-9 + sunflower (3:3) 2976.85 

T5  CSH-9 + soybean (3:3) 3539.81 

T6  CSH-9 + pigeonpea (4:2) 3634.26 

T7  CSH-9 + sunflower (4s2) 2822.45 

T8  CSH-9 + soybean (4s2) 3412.04 

T9  CSH-9 (sole) 3564.80 

T10  C3H-6 (sole) 2649.50 

Til 
pigeonpea (sole) 1242.36 

T12 
sunflower (sole) 576.13 

T13  soybean (sole) 1527,78 

S.Em. + 142.36 

Cl) 5 % 415.51 
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4.5.2  Len;; cquive ent  ratio (LER) 

The efficiency of the eorghurn based intercropping 

eysterns was evaluated in 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. average grain yield (]:g/plot) 	LER 

Sorghum 	Intercrops 

Sole 	inter- sole inter- 6or- Inter- Total 
crop 	crop ghum crop 

T1  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 
2 
T3  15.40 10.95 5.37 2.42 0.71 0.45 1.16 

T
4 
 15.40 11.82 2.45 1.04 0.77 0.42 1.19 

T5  15.40 12.72 6.60 2.57 0.82 0.39 1.21 

T
6 
 15.40 13.67 5.36 2.03 0.88 0.38 1.26 

T7  15.40 11.59 
2.45 0.60 0.75 0.24 0.99 

T
8 
 15.40 13.39 6.60 1.35 0.87 0.20 1.07 

T 15.40 15.40 - - 1.00 - 1.00 
9 

12.31 12.31 - - 1.00 - 1.00 
T10 
T11 	- 	- 5.37 5.37 - 1.00 1.00 

T12 	- 	- 2.45 2.45 - 1.00 1.00 

T13 	- 	- 6.60 6.60 - 1.00 1.00 
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It ce be seen fror,: the t;-bie 4.18 that the treatment 

T1  and T2  were equal and yielded the maximum LER of 1.33. 

This maximum LER was associated with the sorghum 

(irrespective of variety, whether CSH-6 or CSH-9) along with 

pigeonpea under 231 planting geometry. This was followed by 

T6  , T5  , T4  and T3  giving the LER of 1.26, 1.21, 1.19, 1.16, 

respectively. Least LER of 0.99 was recorded from T7  , 

showing lesser LER to the component sole crops. 

4.5.3 Gross monetary return (Rs/ha) 

14aximum gross monetary return of Rs.10893.52/ha 

was obtained from T2  (CSH-9 + pigeonpea, 2:1). This was 

at par with T5  and T6. Latter treatment was significantly 

superior than T13  , T4  . T7 , T11 ' T10 and T2  but at par 

with T9  , T3  , T1  , and T8. The lowest gross monetary 

returns was obtained from T12  , which was significantly 

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

10 



64 

Table 4.19 Gros: nonetary return 

T.No. Treatments Gross monetary 
return (Rs/ha) 

T1  CSH-6 + pigeonpea (221) 8379.63 

T 2  CH-9 + pigeonpea (2:1) .0893.52 

T 3  CSH-9 + pigeonpea (3:3) 8611.11 

T4  CSH-9 + sunflower (3:3) 7613,42 

T 5  cSH-9 + soybean (3:3) 9986.11 

T6  
CSR-9 + pigeonpea (4:2) 9888.89 

T7  CSH-9 + sunflower (4:2) 7125.00 

T8  
CSH-9 + soybean (4:2) 8377.31 

T9  CSH-9 (sole) 8740.74 

T10 
CSH-6 (sole) 6335.65 

T 
11 

pigeonpea (sole) 6347.22 

T12  sunflower (sole) 2863.42 

T13  Soybean (sole) 7914.35 

S.Em. ± 546.30 

CD at 5 % 1594.91 
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DISCUSSION 



CHAPThR - V 

DISCUSSION 

i-, simplest cropping system would be to grow a single 

crop. however, most of the farmers grow more than one crop. 

In India, as many as 84 different crops are used in mixed 

cropping but very rarely we find that more than 4 are grown 

at a time (Swindale, 1979). The objective of intercropping 

is to: 

(i) insure against total crop failures under 

aberrant weather conditions or pest epidemies 

ii) increase the total productivity per unit land 

area, and 

iii) equitably and judiciously utilize lard resources 

and farming inputs, including labour. 

cereals and legumes are often mixed, probably more 

for dietary reasons than for any beneficial effect that the 

nitrogen fixing 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 and sown or 

certain proportions are adopted. Thus populations of all 

the component crops is less than the recommended population, 
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tihicd 	i rct:-!c 	yici. — o iC1:kiU'.t.c.'.]c.1 crCg.)s. it 

makes the mixture a luivnlent to inuividu: -1 crops grown 

separately in some field except for possible intercrop 

interaction and for reduced incidence of pests. 

The new concept of intercrcpping has been developed 

rinmarily to maximize the production and profits over space 

and time by mainteinig full popal&tion (100 ;o recommended) 

of both compon('nt crops ( Lngh, 1983). it is now known that 

as compared to sole cropping intercxopping makes better 

use of natural resources of sunlight, land and water. 1 

may, have some beneficial effects on pest and diseCse 

prrsbleas, although overall results are some whet in 

conclusive. 1haventage of growing legumes with a non legume 

may be the saving of nitrogenous fertilizers. 1:hese 

advantages show uP a ultimate benefits in yield and 

increas,s as much as 70 sm over sole crop on same piece of 

land have been recordeu (bwindale, 1979) • However, evidence 

over this aspect are less definite (i•.illey, 1979). 

gperiments of the ..11 India Coordinated 6orghMao 

improvement Project (J ICSIP) indicated that C.M..6 pigeonpea 

in 21 planting geometry of C..H-9 in place of C::FS.6 was most 

reWsaWesctiuC, intercropiling system. However. as pointed out 

earlier the intererop yield was adversely influenced. 

b,r savour were therefore. Lashed to identify a planting 

geometry and e 



compatible oilseed,/a_se 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. 

5.1 Sorghum attributes• 

5.1.1 Grrn-ith characters  

i+ll the 10 treatments exhibited significant 

differences amongst themselves in respect of final plant 

height and leaf area per plant, whereas number of green 

leaves per plant did not differ significantly. 

riaximum plant height was recorded for CbH-9 (sole). 

However, it was at par with CSH-9 + sunflower, 33; CSH-9 

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

suggested that growth of sorghum was not adversely 

influenced by sunflower and pigeonpea when grown in 4z2 

planting geometry. On the other hand, height was 

significantly reduced when grown with pigeonpea in 3:3 

planting geometry. It was at par with T5  , T8  and T2. it 

was interesting to note that height of sorghum was reduced 

when grown with a low canopy crop like soybean. 

Maximum number of leaves per plant was observed in 

T5 

 

(CH-9 + soybean,  3:3). However the number of green 

leaves on an averaje was always higher than its sole except 

T2 
 , when intercropped with pigeonpea, sunflower and 

soybean. Njeximum leaf area per plant was observed for CSH-9 

6? ". 
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in T5. It was at par with T4 and T3. Further, it was obser-

ved that leaf area per plant significantly increased when 

intercropned with either of pigeonpea, sunflower and soybean 

under 412 and 3:3 planting geometry. 

Yield contributing characters 

There were significant differences among the 

treatments for length of panicle grain weight Qe-~" 

panicle and test weight. 

Maximum length of panicle was recorded for CSH-9 

grown in association 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 221 ratio 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 with CSH-9 sole. 

Maximum grain weight •peY panicle was also recorded 

for CSH-9 grown in association with soybean in 3s3 planting 

geometry. It was significantly superior than the rest 

treatments. This may be due to more efficient utilization 

of nutrients, moisture and solar energy because of wider 

spacing between rows and less competition by intercrop of 

which morphological and physiological characters differ 

from sorghum crops. However, highest test weight was 



observe' for CS°FH-6 i.I T. It was interesting that as the 

number of ro;s of CSH-9 decreased, test weight of CSH-9 

increased when intercropped with soybean, sunflower and 

pigeonpea. similar results were obtained in sorghurq/ 

pigeonpea intercropping by Hiremath (1979) whereas Kulkarni 

(1985) reported that 	sorghum/pigeonpea intercropping did 

not affect the length of panicle significantly. 

5.1.3 Grain yield 

CSH-9 recorded maximum grain yield when grown with 

pigeonpea in 2:1 system• it was at par with CSH-9 sole. 

This provided evidence to show that sorghum grown with 

pigeonpea in 2:1 planting geometry did not show adverse 

influence of pigeonpea on sorghum yield. On the other hand, 
Bonus 

yield of pigeonpea was a- 	b. Likewise CSH-6 grown with 

pigeonpea in 2:1 planting geometry had yield statistically 

at par with CH-6 grown as sole crop. Similar findings were 

reported by Shelke and Krishnamoorthy (1978), Bhalerao and 

Upedhyay (1981), Willey et al. (1982) and Hunshal at al. 

(1987). On the other hand growing of pigeonpea or soybean 

or sunflower in 4s2 and 3:3 with sorghum had significant 

adverse influence on grain yield. Hiremath (1979) reported 

similar findings in sorghunl/pigeonpea intercropping. 

The results of the Appendix ITT shows that yield 

recovery was maximum when grown with pigeonpea in 4:2 

system as compared with either sole crop of sorghum (88 %) 
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cr 	I _9 -e 4jigoon ea, 2s1 (Es3 ..) . . L ;t recovery wcc 

obne:rved when sorghiva. wO$ grown with pijeonies in 3a3 

system (71 and 67 ;) . This is obvious because the 

pop3l..tiO of sorghum was only 50 , . 

Sunflower energou as a ooninentiz.g crop adversely 

influencing; sorghum yield when grown with sorghum in 4#2 

planting geometry. P.hen grown in 3i3 system soybean had 

relative-ly less a::verse inf.uence on yield of sorghum than 

pig son,:~ea. 

in 3t3 planting geometry i.e. when populrtion of 

sarghum was only 50 4. yielc was much more adver:cly 

influenced by suntioer, a highly cnnrpatitive crop. 

a1onieppau 	. (1975) end Tarhalkar and ROo (1971)) 

reported decline in yield of sorghum when grown with 

uHtlower. 

5.1,4 " v+- Y 

it appeared from the findings that there was 

significant differences ang the treatments for stover 

yield of sorghum. 

p,eximum stover yield was recorcod in 12 (C•9 + 

pigeonyea 2,1) . it was statistically at Per with Cut3..9 
sole. ktowever. lowest stover yield was recorded in 11 

(CbHi.6 + pigeonpea, 2*1) . it was not significantly 

superior to its sole cropping in T10. x,s the somber of 
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rows of sorghum decreased in intercropping system of 

sorghum CSH-9 with pigeonpea, soybean and sunflower, the 

stover yield o= sorghum also 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 

It 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 

1,nantharaman et al. (1978) reported that for sorghum 

hybrid CdH-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 + pigeonpea in 2s1 planting geometry. It was 

significantly superior not only than CSH-6, sole but all 

other treatments, except 2 other treatments, viz., T8  and 

T3
. This suggested that harvest index values of CSH-6 and 

CH-9 significantly improved as compared with their own 

sole crop harvest index values when grown with intercrops. 

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

and with all the intercropa. 



5.1.6 Grain stover ratio 

There were significant differences among the 

treatments for grain stover ratio of sorghum. t-laximum grain 

stover ratio was observed for CSH-6 in association with 

pigeonpea in 2:1 planting geometry. it was statistically 

at par with its sole cropping in T10  , but significantly 

superior to rest of the treatments. Least grain stover 

ratio was observed for CSH-9 sole in T9  which was at par 

with T2 
 (CH-9 + pigeonpea, 2:1), but significantly superior 

to the rest of the cropping system based on sorghum CSH.g. 

It was interesting that sorghum when intercropped 

with either of intercrops viz., pigeonpea, soybean and 

sunflower in different planting geometry i.e. 2:1, 323, 

and 4:2, showed higher grain stover ratio to its sole grain 

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

plant with intercrops. 

5.2 pigeonpea attributes 

Table 4.12 revealed that intercropP,ed pigeonpea 

remained little dwarf as corvilere to the plants in pure 

stand. riore competative nature of sorghum may be held 

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

Highest number of leaves per plant was recorded in 

sole pigeonpea but reduced when intercropped with CSH-9. 

it was interesting that pigeonpea showed greater number of 
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green leaves per plant in CSH-6 + pigeonpea, 2:1 as compare 

to CSH-9 + pigeonpea, 2:1. It is probably due to earlier 

maturity of ChH-6 than CH-9, which was harvested earlier 

and provided sufficient space to pigeonpea in its grand 

phase. 

Effect of different treatments on test weight of 

pigeonpea was presented in table 4.14. They shored that 

intercropping of pigeonpea reduced the test weight, which 

was considered to be the major factor of low yields of 

pigeonpea with the intercropping system. 

Data 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 pigeonpea decreased 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 geometry, pigeonpea 

recorded higher grain yield 	
with CSH-6 than 

with CSH-9. This may be due to acute and vertically eract 

leaves of CSH-6 which made pigeon ea capable to get more 

sunlight and its early maturing quality. Similar trend was 

observed for straw yield of pigeonpea, showing highest 

straw yield of pigeonpea from the treatment pigeonpea sole. 

But just opposite trend was observed for grain stover ratio 

of pigeoripea in different planting systems. As it was very 

clear from table 4.17 that grain stover ratio increased 



,,ith the decreases in the number of rows of pigeDnpea from 

14 in different planting system. 

5.3 sunflower attribute 

joie sunflower showed maximum plant height but it 

reduced when intercropped with sorghum, whereas maximum 

number of !eaves per plant was associated with sorghum 

under 4:2 planting geometry. 

It was clear from the table 4.14 that highest test 

weight was recorded in the sunflower as sole cropping and 

it decreased 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 reduced test weight (reduced test weight may 

be due to not proper grain filling) of its grain in 

different planting geometry with sorghum. 

Maximum grain straw ratio was observed in sole 

sunflower. This may be due to the same reason pointed out 

earlier that grain yield and test weight was higher in 

sole sunflower as compare to scrghur~/sunflower in different 

planting geometry. 

5.4 Sovbean attr t 

Highest plant height was observed soybean inter-

cropped with sorghum under 3:3 planting geometry. Further 

more soybean showed greater plant height under different 
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planting systems when compared with its sole cropping. 

However, maximum number of green leaves per plant was 

associated with the sole soybean and it decreased when 

intercropped with sorghum. 

Maximum test weight was observed for soybean under 

4s2 planting geometry, whereas maximum grain yield was 

recorded for sole soybean. It was obvious that as the 

number of rows of soybean decreased from 14, grain yield 

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 +inte  rczops viz., pigeonnea,sunflower and 

soybean 

5.5.1 Total grain yiel 

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 significant differences antong the 13 treatment 

combinations. Analysis for grain yield of sorghum had 

already suggested that the grain yield of sorghum CSH-9 

obtained from plot intercropped with pigeonpea under 221 

planting geometry were not significantly different from 

yields of sole plot of CSH-9. The total production of T2  

(CSH-9 + pigeonpea, 2s1) was found to be maximum (4122.69 

kg/ha) and it was statistically superior to all other 12 
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treatments. Umat (1984) and Rathore (1985) also observed 

similar findings. 

5.5.2 Land equivalent ratio (LER) 

The results revealed that T1  and T2  had maximum LER 

of 1.33. However, it was interesting to note that there was 

decline in the yield of sorghum in case of T1  and rise in 

the production of pigeonpea. On the other hand, CSH-9 did 

not exhibit decline in yield when grown with pigeonpea in 

2s1 planting geometry as compared to its sole crop yield. 

However, contribution of pigeonpea to the LER was 

practically half compared with the £ER of pigeonpea in T1. 

it is a known fact that the average grain yield of CSH-9 

is more than CH-6 not only when grown as sole crop, but 

also when grown in association with intercro_)s (Hnonymous, 

1986). The plant type of CH-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). Consequently this genotype competes least with 

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

broad, long leaves which droop horizantallY and hence 

cause shading of intereroP. 

The 
LER of csH-9 in 422 and 3s3 planting geometry 

was adversely affected because the population of this 

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

its sole crop population. 
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The . of intercrops was relatively :core in 33 

planting geometry than their corresponding L„Rs in 4.2 

system. The reason is obvious. In 333 planting pattern, 

population of intercrops was 50 % of their sole crop 

density however in 4:2 planting 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 

crop. Soybean on the other hand could exhibit its normal 

yield potential when grown with sorghum. 

5.5.3 Gross monetary  return 

Enhanced production of grains from a unit of land 

would be reflected in increased monetary returns. It was 

observed that CSH-9 + pigeonpea in 2s1 planting geometry 

yielded maximum returns. However, it was statistically at 

par with CSH-9 + soybean 3s3 and CSH-9 + pigeonpea, 4s2. 

The results revealed an interesting fact that monetary 

returns from CSH-9 + pigeonpea (2s1) were significantly 

more than CSH-9 sole. similar results were obtained by 

shrivastava and Singh (1975) and Tarhalkar and Rao (1975) 

However, monetary returns from T5  and T6 
 at par with CSH-9 

sole. monetary returns from pigeonpea, sole, sunflower sole 

and soybean sole were also significantly lower than T2. 

Grain yield of sorghum in T2  was at par with sole 

CsH-9. kdditional yield of pigeonpea in 2il system has 
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contributed to the significantly more monetary returns 

obtained from this systems. sheike and Krishnamoorthy 

(1978), Bhalerao and Upadhyay (1981), Wilrey at el. (1982) 

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

The grain yield of CSH-9 in T5  and T6  was signifi-

cantly inferior than CSH-9 sole indicating significant 

decline in yield of sorghum when grown in association with 

either pigeonpea in 4s2 or soybean in 3:3 planting systems. 

Monetary returns of TS  and T6  , which were observed to be 

at par with T2 
 could be attributed to more returns from 

pigeonpea and soybean compensating for loss in yield of 

sorghum grown in 402 and 3:3 system with pigeonpea and 

soybean respectively. on the whole it appears that CSH-9 

grown in association with pigeonpea in 2s1 planting 

geometry the most remunerative intercropping system. 

However, CSH-9 + pigeonpea, 4s2 and CSH-9 + soybean 3s3 

could also be adopted by the farmers. 
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C rX" - Vi 

A field experiment entitled "Optimising the yield 

recovery of some pulse, oilseed and high 	value 

crops for increasing the profitability of sorghum based 

cropping system" was conducted during kharif season of 

1966-89 at mmKw ceps college of Agriculture, indore. 

iha experiment consisted of 14 treatment combina.. 

Lions (2 treatment coabinations of two sorghum cultivars 

via., 0114-6 and CH-9 with pigeonpea in 2s1 planting 

geometry + 6 treatment combinations of sorghum CbH-9 with 

pigeon,)ea, sunflower and soybean in 343 and 4s2 panting 

gewoetry + 5 sole crop treatments of sorghum and 

intercrops. 

1. kg{g 9 

Maximum plant height was noted in CSH-9 as sole 

crop whereas highest number of functional leaves per plant, 
leaf area per plant, average length of panicles and grain 

weight per panicle were obtained from CSH-9 + soybean 

(3s3). turthatmore maximum test weight and harvest index 

was obtained from CH-6 + pigeonpea (2i1). However, asxism. 

grain yield, stover yield and grain stover ratio was 

obtained from CH-9 + pigeoapea (231) treatment. 
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2. 	based Wtercrouuir ,system 

it is inferred from the findings of the present 

investigation that best coabination was C H1..9 + pigeonpea 

(2s1) giving maximum monetary return of 15.io,893.52 ha 1̀  

followed by CSH-9 + soybean 3t3 and C5H-9 + pigeonpea, 4*2 

giving 8.33 and 9.22 per cent less monetary returns 

respectively to that of treatment C3H 9 + pigeonpea (2*1). 

Treatment i.e. c H-9 + pigeonpee (231) also gave maximum 

total production (4122.69 kg/he) showing its statistical 

superiority Ong all the treatments. Both the treatments 

csH-6 + pigeonijea (2$1) and C&)?-9 + pigeonpea (s 1) showed 

highest £..M of 1.33. 

1. It is concluded fro+n the above that the best 

combxnetion was found to be the eorghuru cultivar 

csl1.9 grown in association with pigeonpea in 2s1 

planting geometry, giving maxi* 	total grain 

prod=tion, monetary return andt,ER. 

2. Next to pigeonpea, soybean proved to be suitable 

intercrop with sorghum cultivar CVH-9 
under 3:3 

planting g.omettY• 



3. Among pigeon)ee, sunilower and soybe n, plgeoflpea 

and soybean proved to be the suite. o intercrops 

with CLH-9 under 221 and 3.3 planting geometry 

respective:y. apecial_y for the Malwa conditions. 

£xperim9nt shows+ be repeated for Lind time to 

confirm the above results. 
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APPENDIX - I t:nalysis of variance for different character of sorghum mean of squares 

Source of D.F. 	 Mean sum of squares 
variation 

Pre harvest characters 	Post harvest characters 

Final lunct Leaf area iength Grain 	Grain 1000 Straw 	Harvest Grain 
plant ional per plant of 	weight 	yield/ grain yield/ index straw 
height leaves 	pani- of 10 	plot weight plot 	ratio 

per 	cle panicles 	per 
plant 	 plot 

(cm) 	(No. 	(sq cm) 	(cra) 	(g) 	(kg) 	(g) 	(kg) 	(%) 	(%) 

NS 	NS NS NS * * NS NS NS 
Replication 2 77.93 0.33 596615.80 0.62 4973.04 2.22 6.12 	8.63 8.26 43.75 

NS 	r 	r 	z 	** 	* * 	* * 
Treatment 9 98.07 1.87 4590461.40 9.19 19584.70 12.15 5.12 227.20 27.56 317.02 

Error 	18 15.37 5.92 563193.94 2.34 4609.14 0.62 1.05 16.63 4.40 75.08 

NS = Non significant 

* 	Significant at 5 % 

*+ 	Significant at 1 % 



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 

	

2.48NS 	15.47NS 

Treatment 

	

12 	61.74** 	232.55** 

Error 

	

24 	1.14 	16.75 

Total 	38 

NS - Non significant 

**Significant at 1 
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APPi DIX-III Recovery of sorghum in various system (%) 

System 	As compared with 

CSH-9 (sole) 	CSH-9 + pigeonpea 
2:1 

CSH-9 + pigeonpea 3:3 71.09 66.91 

CSH-9 + sunflower 313 76.77 72.23 

CSH-9 + soybean 3s3 82.59 77.73 

CSH-9 + pigeonpea   412 88.78 83.53 

CH-9 + sunflower 42 75.25 70.82 

CSH-9 + soybean 4s2 
86.94 81.82 
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