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SUMMARY 
Data from 94 experiments on sorghum/pigeonpea intercropping were examined for evidence 
that the stability of yield is greater with intcrcropping than sole cropping. Stability of the major 
component (sorghumr) was examine by calculating the distribut:uLn of yields; stability of the 
overall intercropping system was e:xamined by calculating coefficients of variation, by com­
puting regressions of yield again, t an environmental index, and by estimating the probability of 
monezary returns falling below given 'disast..-r' levels. All these approaches have some merit; 
taking the last as an examp!e, it wis found that for a particular 'disaster' level quoted, sole 
pigeonpta would fail one year in five, sole sorghum one year in eight, but intercropping only 
one year in thirty-six. Intercropping gave yield advantages under a wide range of environmental 
conditions and there was no significant evidence that advantages were gieater under stress. This 
is discussed in relation to possible mechanisms contributing to gicater yield stability. 

It is often suggested that improved stability of yield is one of the major reasons 
why intercropping continues to be an extremely important p actice in many 
developing areas of the world, especially those areas of greater risk (Aiyer, 
1949; Jodha, 1979; Norman, 1974). But as yet therc is little quantitative infor­
mation on the na-gnitude or practical importance of this improvement; indeed, 
in many situations there is still considerable doubt as to whether improved 
stability is actually achicved. 

Several mechanisms might bring about improved stability - e.g. if one crop 
fails, or grows poorly, the other to some extent may compensate; such com­
pensation clearly cannot occur if the crops are grown separately. Fisher (1976) 
observed such compensation when the maize in some maize/bean intercrops 
suffered damage due to hail aind disease. lHowever, IHarwood and Price (1976) 
have questioned this compensation effect, reporting from their experiments at 
the International Rice Research Institute that if crop failure occurs later in the 
season, the subsequent compensation may not offset the earlier intercrop corn­
petitioa, thus arguing that sole cropping might often I)c a more stable system. 

Intercropping could also provide greater stability if its yield advantages, coin­
pared with sole cropping, were greater under stress than non-stress conditions, 
since this would mean that intcrcropping yields in seasons of stress would not 
dccrcase as much as yields of sole crops. Greater yield advantages under stress 
have often been suggested as a probable effect of intrerciopping but very-little 
information is available on this aspect and its possible relation with yield stabi­
lity. This is considered in some detail in the data presented later. 

A further mechanism for improving stability could occur where intcrcropping 
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provides a buffer against pests and diseases, for example where one crop acts 
as a barrier against the spread of a pest or disease of the other crop. The limited 
available information indicates that pest and disease incidence can be less in 
certain situations, but greater in others where, for example, the presence of one 
crop alters the microclimaze of the other in a way that favours a pest or disease 
(Trenbath, 1975). This is a very complex field, in which generalizations are 
difficult, but it is not considered in any further detail in this paper though it is 
potentially very important in farming practice.

Most of the quantitative work on stability has been limited to mixtures of 
genotypes within a given crop, mainly examining the possible benefits of a 'multi­
line' approach in what is essentially still a sole crcp situation. Tretnbath (19.74)
summarized this work and found that, at best, the improvement ini stability 
was only marginal. Greater improvements might however be expected in a 
genuine intercropping situation where there are bigger differences between 
crops; for instance, this seems more likely LO give rise to situations where the
effects of an adverse environment on the two crops are sufficiently different to 
allow meaningful compensation by the better growing one. This suggestion is 
supported by evidence of improved stability in oats/barlcy intercropping
(Daniel, 1955; Morrish, 1934) and in cereal/legune intercropping (Gliemneroth, 
1950; Papadakis, 1941). 

A further problem of past stability studies is that only limited data have
 
been available. 
The present paper examines a large body of available data on
 
sorghum/pigeonpea intercropping, which is an extremely important combina­
tion in many parts of India (Aiyer, 1949). The farmer's objective with this
 
combination is usually to produce a 
 'full' yield of sorghum (i.e. as much as it 
sole sorghum crop) and some 'additional' yield of pigeonpea (Krishlmmaurth, et 
al., 1978), which has also been the objective in most of the experimental work. 

In general, the concept of improved stability is relatively straightforward and
 
can 
 be fairly simply defined as less variability over different seasons or situa­
tions. But quantification of the degree of stability is far from straightforward,
and the intercropping system itself poses some special problems. In addition to 
examining the stability of the important sorghum/pigconpea combination, 
therefore, the purpose of this paper is to illustrate some of the methods that 
might be of general use in intercropping studies. 

MATERIALS AND ME' 11ODS 

Results from 94 experiments carried out during the years 1972-78 were col­
lected from a number of sources (Appendix 1). Fifteen of the experiments did 
not include sole pigconpea and another 14 did not include cole sorghum. The 
optimum intercropping population for each crop is generally held to be the same 
as its sole crop optimum (Krishnamurthy et al.) but only 51 of the experiments 
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were conducted at these populations. Row arrangements were clher 2 sorghum: 
1 pigeonpea or 1 sorghum :1 pigeonpea, and many experiments containeo both 
these treatments. Whcre possible, information was obtained on sowing and liar­
vesting dates, fertilizer levels, soil moisture characteristics, weekly rainfall and 
evaporation. 

Yield advantages of intercropping 
Yield advantages of intcrcropping were determined by using the Land Equi­

valent Ratio (LER, i.e. the relative land arca required by sole crops to produce 
the yields achieved in intercropping), which could of course only be determined 
for the 65 experiments which included sole treatments of each crop. 

To determine whether yield advantage from intcrcropping were affected by 
stress conditions, advantagcs were examined against diffrcnt lcvels of applied 
nitrogen and against the lcvel of moisture availability. The latter was estimated 
evapotranspiration during the growing period, detennined from a soil water­
balance model which took account of rainfall, cvaporation and soil moisture 
characteristics (Reddy, 1977); this could be determined for 38 experiments. 

Stability analyses 
Stability analyzcs were only carried out on the 51 experiments where the 

intercropping population for each crop was the same as in sole cropping. In 
these experiments the pigeonpea ger.otypes were all of medium maturity (150­
180 days) and the sorghums mostly high yielding cultivars or recent hybrids of 
100-110 day maturity and about 1.5 m in height. 

First, a simple cxamination was carried out on how far intercropping satis­
fied the farmer's basic objective of producing a 'full' sirghum yield. Then the 
stability of the overall intercropping sysl em was examined by: 

(a) 	 Computing coefficients of variation, 
(b) 	 Adapting the regress-on technique, which has f;cquently been used to 

examine the stability of individual gclotyj)Cs ovcr a range of environ­
ments (Eberhart and Russell, 1966; Finlay and Wilkinson, 1963), and 

(c) 	 Estimating the probability of monetary returns falling below given 'disas­
ter' levels of income. 

To 	assess the stability of the overall system, intcrcropping was compared with 
growing either sole crop and both sole crops. For the latter a 'shared crop' yield 
was calculated, i.e. what would have been achievcd by dividing I ha into sole 
crops to give the same relativc yield proportions as the average proportions in 
intercropping (which proved to be 0.61 ha of sole sorghum and 0.39 ha of sole 
pigeonpea). This shared crop treatment was adopted so that comparisons 
between intercropping and soic cropping were not biassed by changes in the 
proportions of the crops. 



108 M. R. RAO AND R. W. WILLEY 

RESULTS AND DISCUSSIONS 

Yield advantages of intercroppingand the effects of different levels offertility 
ormoisture availability 

The mean relative yield advantage of intercropping, as indicated by the LER,
was 42% (LER = 1.42) for the 65 experiments where LER could be calculated.
There was virtually no difference in this overall advantage between the row 
arrangements of 2 sorghuni:1 pigeonpea (LER= 1.43, fioi 6,4 cases) and 1 
sorghum:1 pigconpea (LER= 1.40 from 40 cases).

A fitted linear regression for the effect of level of applied nitrogen on LER 
gave a b value of -- 0.0016 ± 0.0005 (Fig. 1), showi'g a decreasing trend in LERwith increase in nitrogen. The goodness of fit of this reg:'ession was significant,
but the r2 was still very low at 0.15, presumably because of the big differcnces
in grow:ing conditicns and yield lcvels oetween the differct experiments, andbecause many other factors besides applied nitrogen probabiy also influenced 
yield advantages. 

It was suggested that greater advantages under stress situations nlight providegreater stability than sole cropping. The nitrogen effc,_ s cited were not ,,cry
large, but it is possible that they would still make a useful contribution to im­
proving stability over various fertility conlitions. It is also worth noting that 
even where the relative advantages of intercropping are less at higher fertility
levels, the absolute advan tagcs may be higher because of the higher yield levels
involved (Harwood and P'rice). For example, in the experiments reviewed, the
fitted regression line gives a predicted yield advantage of 60% at nil nitrogen, at 
an estimated value of Rs 1126/ha (assuming prices of I and 2 Rupecs/kg forsorghum and p.gCollpea respectively; $1 US=approximately 8 Rupees). At
120 kg/ha nitrogen the predicted yield advantage of 41% was rather less in rela­
tive terms, but its estimated value had risen to Rs 1602/ha.

Different levels of estimated moisture availability had no observable effect 

LER = 1.60-0.0016 N= P 0.15* Mean = 1.47 
cc. 1.8 SDO= .11 
o 1 

M1 * 1.6 

1.4 W- 14 09 _.j 0 * 
", 
 1.2 

"o.. 1.0 I0 40 ._80 120 200 400 600. _ 

Nitrogen (kg/ha) Estimated evapotranspiration (mm) 

Fig. I. Effect of nitrogen fertilizer on the relative Fig. 2. Effect of moisture availability on the rela­advantage of sorghum/pigeonpea intercropping. tive advantage of sorghum/pigconpea intcrcropping. 
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on LER (Fig. 2); although, the method of estimating moisture avaability (see 
earlier) may have to be treated with some caaution, thcre is thus no evidence 
that this intercropping combination gives greater relative advantages under con­
ditions of moisture stress. Since sorglium/pigconpca is a combination which is 
predominantly grown in the drier parts of India, seasonal fluctuations in mois­
ture availability are probably at least as important a dctcrminant of yield as 
fertility level. Contrary tj the nitrogen effects, however, the data provide no 
indication th?.t differential responses to moisture stress could provide a stabi­
lizing mechanism against these seasonal fluctuations. 

Yield stability 
An important )bjcctivc when farmers intercrop sorghum and pigconpea is 

to maintain a full yield of the sorghum crcp and a measure of 'stability' ior this 
major component is how often such a full yield is achieved. The frequency 
distribution of sorghum yield, expressed as an LER for relative yield) at the 
two different row arrangements (Fig. 3) shows little difference in yield between 
the two and both arrangements often gave a sorghtum yield appreciably below 
that of the sole crop; in the I sorghum: 1 pigeonpca, the average yield was 87% 
of the sole crop and in the 2 sorghum:] pigeonpea it wits only a little higher at 
90%. Mcreovcr, there was only a small difference in the prohability of achicving 
a full sorghum yield; a probability of 12% for 2:1 compared with 7% for the 
1:1 atrangemcnt. 

Stability of the overall intercroppg system was first examined by calculating 
coefficients of variation (Table 1), which were high for all systems, probably 

1 row sorghum :1 row pigeonpea 2 rows sorghur :1 row pigeonpea 
Observations =55 Observations =64 
Mean 0.87 Mean 0.90 

30 SD 0.098 - SD 0.097 100 

C 
cU 

_80 
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18 60 

C 
40 

0. E 
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Fig. 3. Distribution of sorghum LER in two arrangements of rows in snrghum/pigconpea intercropping. 
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Table 1. Stability of yields of sorghum and p eonpea in sole cropping, inter­cropping and 'sharedsole' cropping as indicated by coefficients of variation(based on 63 observationsfrom 51 experiments) 

Intercrop
Sorghum Shared solePigconpeasole sol, Sorghum Pigeonpea Total Sorghum Pigeonpea Total 

Yield (kg/ha) 3208 1446 2839SE 8!7 3656 1957198 564 252180 168 
 44 179
CV(%) 12048.9 43.6 47.0 31 13342.7 39.0 48.9 43.6 42.0 

again due to the big difftrences in yield levels across the different experiments.Sole pigeonpca (CV 43.6%) was rather more stable on this basis than sole sor­ghuai (CV 48.9%) but intercropping was more stable than either (CV 39%).It -;s of some interes: that the 'shared sole' treatment described earlier was alsomore stable thai either sole crop, though not as stable as intercropping, pro­bably because of ratii,:r different responses of the two crops to the differentgrowing conditions; e.g., if a poor environment for one crop is not alwaysequally poor for the other, then growing both sole crops in all environmentsprovides a buffeling mechanism by avoiding the possibility of having only the
poore.-yelding crop.

A limitation of this present approach is that calculations were based only onthe mean yields of each experiment, since inldividual replicate data were usuallynot availabl. This has the disadvantage that the variability within experimentsis ignored, and it would probably be better to use the variability within eachexperiment tc gain a pooled estimate of' variability, but the relative merits ofthis approach will have to await further investigation.
The adaptation of the analysis often used to study genotype stability isillustrated in Fig. 4. F-r each cropping system, a lineal regression has beenfitted between yield and an environmental index, calculated for any given'location' (or experiment) by su')tracling the mean yield of all locations fromthat particular !ocation mean; thus a positive value shows that a location isbetter and a negative value poorer than average. The figure was calculated as acombined index for all cropping systems, i.e. both of the sole crops, the shared
 

crop, and the intercrop.

These regressions can 
 be rather difficult to interpret, even in sole crops, butsome useful conclusions can be drawn. Examining the sole crops first, the slope
of the pigconpea regression line 
was much 

In 
less steep than that of the sorghlm.one sense, therefore, the pigeon-ea wc.s more stable because its yield was lessaffected by change in the environment, but this also means that the sorghumgave a much bigger yield reponse to any improvement in the environment,which is agronomically very desirable. The goodness of fit of the regressionlines was much better for sorghlum (r2 = 0.93) than for pigeonpea (r 2 =0.26),indicating that the sorghum response was very predictable whilst that of the 
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F~ig. 4. Regressions of absolute yield ,m environmental index for sorghitun 

and pigeonpca in nifferent cropping systems. 

pigeonpca was not. Thus it can also bc stated that the response of sorghuml to 
environmental change was more stable than that of the pigconpea. 

The intcrcropping regression line was above that of either sole crop, empha­

sizing the oceuircnce of yield advantatges in all environments. The slope of this 

line was intermediate to those of the( sole crops but much neare'r that of tile 

sorghium, no doubt partly because sorghum11 occupies tile mnjor portion of the 

intercropping yield oil tile basis of absolute yields. Hlowever, it was clear that 
intercropping still gaVInit very marked response to eviroxnentl changes, ail 

the goodness of fit of the regression was just as good as thaut o'solC sorgh.m 

Thus the response of infreng civronintal change was just as stblto 

as sole sorg dspitc h t tha tereiable pigeonpca. It Mytonoum, aeso 

well be, therlfore, that the greater variability of the pigconp)ca response was 

offset by compensation in tile sorghium component.
The 'sharcd sole' regression line was crysivilar to thte of tle ical response, 

presumably b,_causc this theoretical sittuittitn Was CAattcd fi'r11 01C y'iehIs 01' 
both tthe crops that coibted to tne clsnalenvironmnx ad was n( subject 

to alny interactions bctoccn the crops which might have modified their cot­

bined response. Presumally for the same reason, the shred sole rgresionlin 

= showed ain extremely good fit (r, 0.99).
This approach still mbodies one ofre tmrde o' erious difiCltiCScnCn­

terd in theevalationof intercropintong, which is that Comwarisojs ars being 

made betwgu crops which have ecry diftent types ard levels ofyield (Fig. 4). 

The differen yield levels can be taken into accoutnt by ctsidering reative 
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Fig. 5. Regressions of relative yield on environmental index ior sorghur's
and pigeonpea in different cropping systems. 

yields, the mean for each crop over all locations being taken as I (Fig. 5), onwhich relative basis pigeonpea was much more responsive than previously indi­cated, though still somewhat less so than sorghum. Again the stability of thisresponse, as indicated by goodness of fit, was appreciably less than that ofsorghum. A further feature of this relative yield approach is that it highlightsthe yield advantages of intercropping that Would commonly be computed usingLER, e.g. the mean intercrop relative yield of 1.45 is effectively 'n LER withan average yield advantage of 45%, on which basis the response of iitcrcroppingwas greater than either sole crop and the stability of the response was again
very high (r2 = 0.93).

Both yield lcvel and yield type can to some extent be taken into account byexpressing yields in monetary value and, of course, this approach also has themerit of giving an economic evaluation of the different systems. For this parti­cular crop combination the higher value of pigeonpea roughly offset its loweryield, so monetary values (Fig. 6) showed little difference from relative yieldsbut this approach could highlight important effects for other crop Combina­tions or for different price ratios of the twl crops.A! a further comment on the regression approach it should be emphasizedthat there can be problems in deciding which cropping system should be usedto calculate the environmental index. With the sorghum/pigconpea combina­tion, regression patterns showed little difference whichever system, or combi­nation of systems, w2s used; thus the index was based on all systems to give the 
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Fig. 6. Regressions of returns on environmental index for sorghun and pigeonpca in different 
cropping systems (market value Rs 1/kg sorghum, Rs 2/kg pigeonpea). 

best aggregate indication of cnvironmental effects. But where the environmental 
responses of intercrops and sole crops are very different, it can be argued that 
intercropping effects would be more precisely indicated by using an index based 
only on the sole crops, since these -ssentially represent the situation with which 
intercropping is being compared.

This then raises problems of wvhcther to use only cne or both of the sole 
crops. Vhere one of the crops has to maintain an intcrcropping yield cquivalcnt 
to a full sole crop yield, and where this sole cr(op is thus effectively the practi­
cal alternative to intercropping, it seems rcasotiallc that thc index Could l)C 
based only oi this crop. On the other hand, l)(th crops should prestmably )e
included where intcrcropping aims to achieve some balance of the two crops. 
It is suggested that in this instance the index shou~ld logically he the 'shared 
sole' situation described above, so that the two crops are ',iv'el the same weight­
ing as their relative importance in intercropping. As an example, Table 2 gives
the rcgression parameters obtaincd by fitting the present sorghum/ipigeonpea 
data in this way; comparison with the parameters in Figs 4-6 shows that this 
approach was little different irom hasing the index on all the cropping systems. 

Despite the possible usefulness of these first two approaches, they leave 
much to be desired because they still do not indicate in simple practical terms 
what a given level of 'statistical' stability ne:,,!n -) a farmer. On the assumip­
tion that a farmer's n'tor concern is to i, ;('tisaster' situations, t third 
approach estimated the piobability of each cro :,g system tailing to provide 
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Table 2. Stabilityparametersforfitted regressions,using sharedcrop
yields as the basisfor an environmentalindex 

Returns
 
Yield (kg/ha) 	 Relative yield (sorghum :p;geonpca1:2 Rs/kg) 

b 	 r2 
Y b r 2Y b r 

Sole sorghum 3209 1.45 ± 0.04 0.95 1.00 1.15± 0.07 (Rs/ha)Sole pigeonpea 1446 	 0.82 2787 1.19 ± 0.07 0.840.30± 0.06 0.24 1.00 0.76± 0.11Intercrop 3656 2.31 ± 0.4 0.95 	
0.45 2706 0.70± 0.10 0.421.45 1.24 ± 0.06Shared crop 2521 1.0 1.00 	
0.89 4052 1.25 0.05 0.891.00 1.00 1.00 2770 1.00SE± 	 1.0085 
 0.03 96
 

given 'disaster' levels of monetary returns (Fig. 7). An additional feature of thispresentation is that, because price structures are not static, the price ratio forsorghum:pigeoripea was randomly allocated for each location within the range1:1 and 1:3, though the data could just as easily be presented for any fixedratio required. The cost of ?t!icd nitrogen was deducted from these returrubecause it represents the maia variable cost at the different locations.At any given disaster level intcrcropping showed a much lower probabilityof failure than either sole crop. Illustrating this for an example disaster level ofRs 1000/-, sole pigconpca would fail approximately onesorghum one year in eight, shared sole 
year in five, sole 

one year in thirteen, but intercropping 

80 F 

60 	 Sole pigeonpea 

a)_Shared 
sole 

4Sole 
sorghum 0 

.0
0 

0
 

' 0 Intercrop 

250 1750 3250 
Disaster levels of income (Rs/ha) 

Fig. 7. Probability of failure for sorghum and pigeonpea in different cropping systcms 
at given disaster levels of incomc. 
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ycar in thirty-six. Thus in these simple practical terms intercroppingonly une 

did indeed show a much improved stability over ally sole crop system, though 

it should be appreciated that if stability is assessed in this way, a reduced inci­

dence of crop failure can occur partly becausc of a higher intcrcopping yield as 

well as a genuine reduction in the variability of the yield. Of course tile farmer 

still gains the overall benefits depicted in Fi, 7, whether these accrue from 

higher yield or less variability in yield, on which basis the approach seems 

useful. 

CONCLUSIONS 

Of the various aspects discussed in this paper, those of wider interest are the 

approaches to quantifying the overall stability of the combined intcrcropping 

system. All the approaches examined may have some merit and only further 
to prove the mostexamination in other situations will resolve which is likely 

generally useful. The calculation of a coefficient of variation is probably the 

most limited, giving only a relatively simple expression of the variability around 

yield; fitting itregression against an environmental index may well bea mean 
much more fruitful where large environmental responscs produce big deviations 

from this mean. 

Estimating the probability of crop 'failures' has consdcrable appeal because 
as givingthis more closely reflects the farmer's attitude to sta jility, as well 

moremuch the clearest indication that intercropping can indeed be appreciably 

stable than sole cropping. 

As a final comment, it should be emphasized that the usefulness of any 

of the data being examined. As indica­approach may be limited by the nature 
of stability are probably those which'occurted earlier, the important effects 

over different seasons, yet experimental data arc usually from different loca­

tions in only a limited number of seasons. Only further examination is lilkely to 

show how far these location effects can indicate seasonal effects. 
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