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ABSTRACT 

An experiment was conducted during 1981.-1986 to study the stability and economics of the 
multiple-crop sequences under assured water supply. The sequences included cereals, pulses, oilseed and 
forage crops. Sorghum [Sorghum bicolor 6.) Moenchl-wheat (Triticum aestivum L. emend. Fiori & 
Pao1.)-groundnut (Arachir hypogaea L.) was the most stable sequence, giving the maximum net returns. 
Inclusion of summer groundnut in the sequence increased the net returns. Short-duration pulses and ra- 
tooning of sorghum were highly unstable over period of time. Sorghum-gram (Cicer anerinu;n 
L.)-pearlmillet [Pennirehrrn glnucum (L.) R. Br. emend. Stuntz] (for fodder) was also productive and 
stable crop sequences. Judged from calories productivity sorghum-gram-pearlmillet (fodder) was the 
best sequence. Based on the protein productivity cowpea (fodder)-sorghum-groundnul was found to be 
the best sequence. 

With ever-increasing demand for food 
due to population pressure and practically no 
scope for expansion of area under cultiva- 
tion, the food production has to be stepped 
up through increased cropping intensity. 
Thus, vertical development is the only alter- 
native. Oilseed and pulses are receiving 
more attention owing to higher prices. Inclu- 
sion of these crops in the sequences changes 
the economics of the sequence cropping 
(Tomar and Tiwari, 1990; Gupta and Rai, 
1990). Inclusion of vegetables is always 
profitable (Yadav, 1988) and inclusion of 
forages in sequences for mixed-farming situ- 
ation is need of the day. In drought-prone 
area of Maharashtra white revolution has 
taken place and green fodder for sustaining 
the same, particularly during the summer 
months, has necessitated to include fodder 
crops as the component of multiple-crop se- 

quences. Looking to these needs crop se- 
quences were designed to accommodate fod- 
der crops along with grain crops, oilseed and 
pulse crops. 

MATERIALS AND METHODS 

To assess the production potential and 
economic viability of different c r ~ p  se- 
quences, ar~ integrated production trial was 
conducted at Rahuri as a long-term experi- 
ment. The experiment was laid out in ran- 
domized block design with 4 replications on 
medium black soil (60-90 cm depth), having 
pH 8.25, organic carbon 0.53%, available 
nitrogen 157.46 kgha, available P 15.75 kg/ 
ha and available K 408.25 kgha. The total 
annual rainfall during the period was 
405.7-536.8 mm compared with expected 
normal rainfall 523.72 mm. The sequences 
were selected to include cereals, pulses, fod- 
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der and oilsee4 which would fulfil the need solute yields were also obtained to get an 
of grain and fodder. The recommended fer- idea of theqroduction potential. 
tilizer doses, seed rates and otber manage- 
ment practices were adopted for the different 
crops. The data generated dming 1981-86 
cycle were taken into consideration for 
analysis. The data for 1986-86 were not in- 
cluded in study due to unusually delayed 
sowing of h e  rainy-season crops because of 
failure of irrigation sysrem. The yield, gross 
returns, net returns and coefficient of vari- 
ationlha from different crops in v;lrio~is se- 
quences were estimated on the basis of pre- 
vailing market rates during the respective 
years, averaged over 4 years. 

Eight crop sequences involved 8 different 
crops grown for grain or fodder purpose. For 
comparing productivity of these sequences 
on uniform basis, sorghum equivalence was 
worked out on the basis of 4 years. Their ab- 

RESULTS AND DISCUSSION 

Production potential of sequence 
Sorghum [Sorghum bicolor (L.) 

Moench.1--wheat (Triticum aestivum L. 
emend. Fiori & Pao1.)-groundnut (Arachis 
hypogaea L.) sequence showed the maxi- 
mum potential with 15 1.04 tonnedha as sor- 
ghum equivalence in 332 days (Table 1). It 
showed 45.49 kg grainlday productivity. The 
next best sequence was maize-groundnut. 
Both these sequences had high-yielding 
crops like sorghum, maize (Zea mays L.) 
and wheat. Groundnut (rainy season)-- 
wheat-maize for fodder had the lowest pro- 
ductivity. Amongst fodder sequences, 
sorghum-gram-pearlmillet (fodder) [Penni- 
setum glaucum (L.) R. Br. emend. Stuntz] 

Table 1. Season-wise productivity from different cropping sequences (based on average of 4 years) 

Sequence Yield (qha) 

Rainy season Winter Summer Total in sorghum grain 
equivalence (qha) 

Maize-wheat- 
groundnut 

Sorghum-wheat: 
groundnut 

Greengram-sorghum- 
groundnut 

Groundnut-wheat- 
maize 0 

Sorghum-gram- 
pearlmillet IF) 

Sorghum-sorghum (R)- 
groundnut 

Sorghum + pigeonpea- 
pigeonpeal-groundnut 

Cowpea 0-sorghum- 
groundnut 

F, Fodder; R, winter season 
.Figures in parenthesis indicate CV 



Table 2. Gross and net retunis from different cropping sequences z 
3 
3 

Sequence Gross returns @/ha) Net returns @/ha) z 
Rainy Winter Summer Total Rainy Winter Summer Total 

S - 
season season 

Maize-wheat-groundnut 

Sorghum-wheat-groundnut 

Greengram-sorghum-groundnut 

Groundnut-wheat-maize (F) 

Sorghum-gram-pearlmillet (F) 

Sorghum + pigeonpea-pigeonpea 

Cowpea 0-sorghum-groundnut 

F, Fodder; R, winter season 
Figures in parenthesis indicate CV. 
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was the most promising sequence. Thus, the 
productivity of the h n y  (kharfl season has 
substantial prominance to boost total produc- 
tivity of sequences. Two cereals in 3 crop se- 
quences were found boosting the productiv- 
ity. Similar 0bse~ations were also reported 
by Yadav (1988). 

Stability of sequence 
Wheat was the most stable crop. It was 

included in 3 sequences and yielded 
30.0-31.5 qha grain with CV 11.6--12.1. 
This showedthat for wheat, environment in 
respect of weather and water supply was the 
congenial. This may be one of the reasons 
for cultivation of wheat in spite of lower pro- 
ductivity. Due to availability of high-yield- 
ing varieties, practically pest and disease 
free-environment and relatively less sensi- 
tive to sowing period, wheat continues to be 

favoured a crop. Winter sorghum with more 
than 4 tonnesha grain yield showed CV 
26.5. Hence it is difficult to be a choice crop 
in multiple cropping. This crop is very sensi- 
tive to sowing dates and to shootfly when 
sown early and to cold when sown late. Ra- 
tooning rainy-season sorghum as winter crop 
proved disastrous with not only low yield 
(17.26 qlha) but also with very high CV 
(81.01). This may be one of the reasons why 
ratoon cropping did not become popular un- 
der assured water supply. Amongst the 
rainy-season crops, sorghum appeared more 
stable. It was tried in 4 sequences, giving 
yield 4.5-5.29 tonesha and CV 12.8-17.7. 
None of the other rainy-season crops tried 
were as stable and productive as sorghum. 
Greengram (Phaseolus radiatus L.) in rainy- . 
season was not only poor yielder but highly 
variable and unstable. The productivity was 

/ 

Table 3. Grain productivity, net returns, protein and calories per day in different cropping sequences 

Sequence Grain productivity Protein productivity (kgcglhalday) Calories* Net returns 
&g/hdda~) productivity (Rslhalday) 

Grain Fodder1 Total (KcaVhal 
straw day) x l@ 

Maize-wheat- 28.65 4.12 7.51 11.63 1.12 43.99 
groundnut 

Sorghum-wheat- 30.38 ' 4.11 8.05 12.16 1.16 49.29 
groundnut 

Greengram-sorghum- 20.26 3.18 16.37 20.05 0.82 33.67 
groundnut 

Groundnut-wheat- 17.51 2.55 9.62 12.17 0.68 24.99 
maize 0 

Jowar-gram- 34.77 4.24 13.20 17.44 1.20 43.04 
peralmillet 

Sorghum + pigeonpea- 21.21 3.33 6.19 9.52 0.34 39.96 
pigeonpea-groundnut 

Cowpea (F)-sorghum-groundnut 22.08 3.36 30.50 33.36 0.9 1 34.99 

Based on grain yield only. 
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found highly fluctuating due to sensitivity to 
both seeding time and pest and diseases. 
Groundnut as a rainy-season crop had low 
production coupled with high CV. However, 
groundnut as a summer crop was more pro- 
ductive and stable. It was studied in 6 crop 
sequences and yielded on an average 1.88 
tonnesha with CV 22-29. This productivity 

/ 

was almost 3 times the productivity of rainy- 
_* season. Intercropping sorghum + pigeonpea 

[Cajanus cajan (L.) Millsp.] was not prduc- 
tive and hence may not be suitable under in- 
tensive cropping system. 

Net returns 
The net returns give the extent of advan- 

tage by a particular sequence. On the. basis 
of net returns, sorghum-wheat-groundnut 
sequence was most ' productive compared 
with the other sequences (Tables 2, 3). This 
was followed by sorghum-sorghum (winter 
season)-groundnut. Since sorghum ratoon 
required less management, the net returns 
were higher compared with maize-- 
wheat-goundnut sequence. However, the 
stability of ratoon was lower. On the basis of 
net returns, sorghum-gram (Cicer arietinum 
L.)-pearlmillet (fodder) was also highly. 
paying. Thus, short duration, higher money 
value and less cost of management were de- 
sirable traits for getting higher net returns 
from any sequence. Based on stability, how- 
ever, sorghum-wheatgroundnut was the 
most remunerative not only in terms of pro- 
ductivity. but also in terms of net returns. 
~nclusion of groundnut in crop sequences 
was also found paying by Malvia et al. 
(1986). 

Productivity based on calories 
Data on this aspect showed that sequences 

giving higher grain yield showed the maxi- 
mum calories productivity in the sequence of 
sorghumgram-pearlmillet (fodder), fol- 
lowed by maize-wheat-groundnut. 

Protein productivity 
Protein productivity was worked out on 

grain and fodder production. Cowpea [Vigna 
unguiculata (L.) Walp.] (fodder)-sorghum- 
groundnut showed the highest protein pro- 
ductivity (33.86 kghalday). It was followed 
by greengram-sorghum-groundnut (20.05 
kghdday). The lowest protein productivity 
was noticed in sorghum-pigeonpea-- 
groundnut system. 

It was concluded that sorghum- 
wheat-groundnnt and sorghum- gram-pearl 
millet (fodder) cropping systems were found 
to be adaptable on large scale under inten- 
sive cropping programmes. These 2 cropping 
systems would take care of farmers inter- 
ested in grain farming and dairy fanning 
also. 
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