’

h
i

Expl Agric. (1980), volume 16, pp. 105-116 METHCDOLOGY OF

Printed in Great Britain EXPERIMENTAL AGRICULTURE - NS5
7

1) ,

\ EVALUATION OF YIELD STABILITY IN lN'l‘ERCR.OPPING:If

STUDIES ON SORGHUM/PIGEONPEA

/.f‘() By M. R.E{_AO and R. W.‘&ILLEY

International Crops Research Institute for the Semi-Arid Tropics,
ICRISAT Patancheru PO 502 324, Andhra Pradesh, India

(Accepted 23 November 1979)

SUMMARY
Data from 94 experiments on sorghum/pigeonpea intercropping were examined for evidence
that the stability of yield is greater with intercropping thar sole cropping. Stability of the major
component (sorghum) was examined by calculating the distributisn of yields; stability of the
overall intercropping system was cxamined by calculating coefficicuts of variation, by com-
puting regressions of yield againtt an environmental index, and by estimating the probability of
monciary returns falling belovs given ‘disastzr’ levels. All these approaches have some merit;
taking the last as an example, it was found that for a particular ‘disaster’ level quoted, sole
pigeonpea would fail one year in five, sole sorghum one year in eight, but intercropping only
one year in thirty-six. Intercropping gave yicld advantages under a wide range of environmental
conditions and there was no significant evidence that advantages were gicater under stress. This
is discussed in relation to possible mechanisms contributing to gicater yicld stability,
It is often suggested that improved stability of yield is one of the major reasons
why intercropping continues to be an extremely important practice in many
developing arcas of the world, especially those arcas of greater risk (Aiyer,
1949; Jodha, 1979; Norman, 1974). But as yet therce is little quantitative infor-
mation on the magnitude or practical importance of this improvement;indecd,
in many situations there is still considerable doubt as to whether improved
stability is actually achicved.
Several mechanisms might bring about improved stability - c.y. if one crop
fails, or grows poorly, the other to some extent may compensate; such com-
b y ’
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 duce to hail and discase. However, Harwood and Price (1976)
have questioned this compensation effect, reporting from their experiments at
the International Rice Rescarch Institute that if crop failure occurs later in the
scason, the subsequent compensation may not offset the carlier intercrop com-
petition, thus arguing that sote cropping might often be a more stable system.
Intercropping could also provide greater stability if its yield advantages, com-
parcd with sole cropping, were greater under stress than non-stress conditions,
since this would mean that intercropping yiclds in scasors of stress would not
decrcase as much as yields of sole crops. Greater yield advantages under stress
have often been suggested as a probable cffect of intercropping but very.little
information is available on this aspect and its possible relation with yicld stabi-
lity. This is considered in some detail in the dita presented later.
A further mechanism for improving stability could occur where intercropping
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provides a buffer against pests and discases, for cxample 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 discase incidence can be less. in
certain situations, but greater in others where, for example, the presence of one
crop alters the microclimate of the other in a way that favours a pest or discasc
(Trenbath, 1975). This is a very complex ficld, in which gencralizations 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 crep situation. Trenbath (1974)
summarized this work and found that, at best, the improvement in stability
was only marginal. Greater improvements might however be cxpected in a
genuine intercropping situation where there are bigger differences between
crops; for instance, this seems more likely wo give risc to situations where the
- effects of an adverse environment on the two crops arc sufficiently different to
allow meaningful compensation by the better growing one. This suggestion is
supporicd by cvidence of improved stability in oats/barlcy intcrcropping
(Danicl, 1955; Morrish, 1934) and in cercal/legume intercropping (Glieineroth,
1950; Papadakis, 1941).

A further problem of past stability studics is that only limited data have
been available. The present paper examires a large body of available data on
sorghum/pigconpea intercropping, which is an cxtremely important combina-
tion in many parts of India (Aiyer, 1949). The farmer's objective with this
combination is usually to produce a ‘full’ yicld of sorghum (i.c. as much as a
sole sorghum crop) and some ‘additional’ yicld of pigconpea (Krishnamurthy 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 variabilivy 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 METHODS

Results from 94 expcriments carried out during the years 1972-78 were col-
lected from a number of sources (Appendix 1). Fifteen of the experiments did
not includc sole pigeconpea and another 14 did not include <ole sorghum. The
optimum intercropping population for cach crop is generally held to be the same
as its sole crop optimum (Krishnamurthy et al.) but ouly 51 of the experiments
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were conducted at these populations, Row arrangements were cither 2 sorghum:
1 pigeonpea or 1 sorghun:l pigeonpea, and many experiments containes both
thesc treatments. Where possible, information was obtained on sowing and har-
vesting dates, fertilizer levels, soil moisture characteristics, weekly rainfall and
evaporation.

Yield advaniages of intercropping

Yield advantages of intercropping were determined by using the Land Equi-
valent Ratio (LER, i.c. the relative land area required by sole crops to produce
the yields achieved in intercropping), which could ot course only be determined
for the 65 experiments which included sole treatiments of cach crop.

To deternmine whether yield advantages from intercropping were affected by
stress conditions, advantages were examined against different levels of applied
nitrogen and against the level of moisture avoilability. The latter was estimated
evapotranspiration during the growing period, determined from a soil water-
balance model which took account of rainfall, evaporation and soil moisture
characteristics (Reddy, 1977); this could be determined for 38 experiments.

Stability analyses

Stability analyses 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 gerotypes 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 examination was carried out on how far intercropping satis-
ficd the farmer’s basic objective of producing a “full” sorghum vyicld. Then the
stability of the overall intercropping system was examined by:

(a) Computing cocfficients of variation,

(b) Adapting the regression technique, which has fiequently been used to
examine the stability of individual genotypes over a range of environ-
ments (Eberhart and Russell, 1966; Finlay and Wilkinson, 1963), and

(c) Estimating the probability of monctary returns falling below given ‘disas-
ter’ levels of income.

To asscss the stability of the overall system, intercropping was compared with
growing etther sole crop and both sole crops. For the latter a ‘shared crop’ yield
was calculated, i.c. what would have been achieved by dividing 1 i into sole
crops to give the sane relative yicld proportions as the average proportions in
intercropping (which proved to be 0.61 ha of sole sorghum and 0.39 ha of sole
pigconpea). 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.
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RESULTS AND DISCUSSIONS

Yield advantages of intercropping and the effects of different levels of Sertility
or moisture availability

The mean relative yicld 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 hctween the row
arrangements of 2 sorghum:1 pigconpea (LER =1.43, fiom 64 cases) and 1
sorghum:1 pigconpea (LER=1.40 from 40 cascs). .

A fitted lincar regression for the cffect of level of applicd nitrogen on LER
gave a b valuc of --0.0016 + 0.0005 (Fig. 1), showinag a decreasing trend in LER
with increase in nitrogen. The goodness of fit of this regression was significant,
but the r? was still very low at 0.1 5, presumably because of the big differcnces
in growing conditicus and yield levels vetween the different experiments, and
because many other factors besides applied nitrogen probabiy also influenced
yield advantages.

It was suggested that greater advantages under stress situations might provide
greater stability than sole cropping. The nitrogen cffecis cited were not very
large, but it is possible thot they would still make a useful contribution to im-
proving stability over various fertility conditions, It is also worth noting that
even where the relative advantages of intercropping are less at higher fertility
levels, the absolute advantages may be higher because of the higher yield levels
involved (Harwood and Price). For cxample, 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 1 and 2 Rupeces/kg for
sorghum and p.gconpea 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 valuc had risen to Rs 1602/ha.

Different icvels of estimated moisture availability had no obscrvable effect
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Fig. 1. Effect of nitrogen fertilizer on the relative Fig. 2. Effect of moisture availability on the rela-

advantage of sorghum/pigeonpea intercropping. tive advantage of sorghum/pigeonpea intercropping.
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on LER (Fig. 2); although the method of estimating moisture avallability (sce
carlicr) may have to be treated with some caution, there is thus no evidence
that this intercropping combination gives greater relative advantages under con-
ditions of moisture stress, Since sorghum/pigeonpea is a combination which is
predominantly grown in the drier parts of India, seasonal fluctuations in mois-
turc availability are probably at least as important a determinant of yield as
fertility level. Contrary o the nitrogen cffects, however, the data provide no
indication thzt differential respenses to moisture stress could provide a stabi-
lizing mechanism against these scasonal fluctuations.

Yield stabilivy

An important objective when farmers intercrop sorghum and pigeonpea is
to maintain a full yield of the sorghum crep and a measure of ‘stability’ ior this
major component is how often such a full yield is achieved. The frequency
distribution of sorghum yicld, expressed as an LER 1or relative yield) at the
two different row arrangements (Fig. 3) shows little difference in yicld between
the two and bown arrangements often gave a sorghum yield appreciably below
that of the scle crop; in the 1 sorghum:1 pigeonpea, the average yield was 87%
of the sole crop and in the 2 sorghum:) pigeonpea it was only a litile higher at
90%. Mercover, there was only a small difference in the probability of achicving
a full sorghum yicld; a probability of 12% for 2:1 compared with 7% for ihe
1:1 arrangement.

Stability of the overall intercropping system was first examined by calculating
cocfficients of variation {Table 1), which were high for all systems, probably

1 row sorghum ; 1 rov/s pigeonpea 2 rows sorghum : 1 row pigeonpea
Observations = 55 Observations = 64
Mean = 0.87 Mean = 0.20
30 SD =0.098 —1SD = 0.097 | 100
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Fig. 3. Distribution of sorghum LER in two arrangements of rows in sorghum/pigconpea intercropping.
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Table 1. Stability of yields of sorghum and pigeonpea in sole cropping, inter-
cropping and ‘shared sole’ cropping as indicated by coefficients of variation
(based on 63 observations Jrom 51 experiments) ’

Intercrop Shared sol.
Sorghum  Pigeonpea :
sole sole Sorghum  Pigeonpea Total Sorghum  Pigeonpea Total
Yield (kg/ha) 3208 1446 2839 817 3656 1957 564 2521
SE 198 80 168 44 179 120 31 133
CV (%) 43.9 48.6 47.0 42.7 39.0 48.9 43.6 42.0

again due to the big diffcrences in yield levels across the different experiments.
Sole pigeonpea (CV 43.6%) was rather more stable on this basis than sole sor-
ghum (CV 48.9%) but intercropping was more stable than cither (CV 39%),
It-is of somae interest that the ‘shared sole’ treatment described carlier was also
more stable thai cither sole crop, though not as stable as intereropping, pro-
bably because of rativer different respouses of the two crops to the different
growing conditions; ¢.g., il a poor environment for one crop is not always
cqually poor for the other, then growing both sole crops in all environmments
provides a buffering mechanism by avoiding the possibility of having only the
poores-yielding crop,

A limitation of this present approach is that calculations were based only on
the mean yields of cach experiment, since individual replicate data were usually
not availab!e, This has the disadvantage that the variability within experiments
s ignored, and it would probably be better 1o use the variability within cach
cxperiment te gain a pooled estimate of variability, but the relative merits of
this approach will have to await further investigation.

The adaptation of the analysis often used to study genotype stability s
illustrated in Fig. 4. Fer cach cropping system, a lincar regression has been
fitted between yield and an environmental index, calculated for any given
‘location’ (or experiment) by subtracting the mean yicld of all locations from
that particular !ocation mean; thus a positive value shows that a location is
better and a negative value poorer than average. The figure was calculated as a
combined index for all cropping systems, i.c. both of the sole crops, the shared
crop, and the intercrop.

These regressions can be rather difficult to interpret, even in sole crops, but
some uscful conclusions can be drawn, Examining the sole crops first, the slope
of the pigconpea regression line was much less steep than that of the sorghum.
In one serse, therefore, the pigeonpea was more stable because its vicld was less
affected by change in the enviromnent, but this also means that the sorghum
gave a much bigger yield reponse to any improvement in the environment,
which is agronomically very desirable. The goodness of fit of the regression
lines was much better for sorghum (r?=0.93) than for pigeonpea (r? =0,26),
indicating that the sorghum responsc was very predictable whilst that of the
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rig. 4. Regressions of absolute yicld nn environmental index for sorghum
and pigconpca in aiffcrent cropping systems.

pigeonpea was not. Thus it can also be stated that the response of sorghum to
environmental change was more stable than that of the pigeonpea.

The intercropping regression line was above that of cither sole crop, cmpha-
sizing the occuirence of yield advantages in all environments. The slope of this
line was intermediate to those of the sole crops but much nearer that of the
sorghum, no doubt partly because sorghum occupies the major portion of the
intercropping yield on the basis of absolute yiclds. However, it was clear that
intercropping stlll gave a very marked response to environmental changes, and
the goodness of fit of the regression was just as good as that of sole sorghum,
Thus the response of intercropping to environmental change was just as stable
as sole sorghum, despite the presence of the more variable pigeconpei. It may
well be, therefore, that the greater variability of the pigconpea response was
offsct by compensation in the sorghum component.

The ‘shared sole’ regression line was very similar to that of the mean response,
presumably because this theoretical situation was calculated from the yields of
both the crops that contributed to the environmental index and was net subject
to any interactions between the crops which might have modificd their com-
bined response. Presumably for the sume reason, the shared sole regression line
showed an extremely good fit (r2 =0.99). :

This approach still embodies one of the more serious difficultics encoun-
tered in the evaluation of intercropping, which is that comparisons are being
made between crops which have very difierent types and levels of yield (Fig. +).
The different yield levels can be taken into account by counsidering relative



112 M.R.RAO AND R. W. WILLEY

Sole
25 r Intercrop (u) sorghum (o)
y=145 §:=10

- b=122 b=1.07
= 12 =093 .-11=0.78
" a® o - P
c . Mean 7 257 -
] o -
S 18F ® s //a/«(‘/

I (o]
E ] .’./..,o" . /\’b
o 0, “
b=t <
@ - - * / odo /
E; *a w s B .~ Shared sole (o)
-~ LY . ’/,‘T‘ 7 =1.0
3 T T o o A b=085
2 40k B o556 0 o r?=0.99
> .: . //, 8)’ 0. .
.g : 9 /‘ =6D 9 o . . .
5 P 9 . oot Sole pigeonpea ()
: %&% A e pige:
! @®o ¢ b=0.76
= //(/ 1 =049
1 1 4 L 1 1 L I 1 1 1 1 l ]
-0.2 o 0.2 04 0.6 08 1.0

Environmental index

Fig. 5. Regressions of relative vield on environmental index for sorghura
and pigeonpea in different cropping systems,

yields, the mean for each crop over all locations being taken as 1 (Fig. 5), on
which rclative basis pigconpea was much more responsive than previously indi-
cated, though still somewhat lIess so than sorghum. Again the stability of this .
fesponsc, as indicated by goodness of fit, was appreciably less than that of
sorghum. A further feature of this relative yield approach is that it highlights
the yicld advantages of intercropping that would commonly be computed using
LER, c.g. the mean intercrop relative yicld of 1.45 is cffectively an LER with
an average yield advantage of 45%, on which basis the response of intercropping
was greater than cither sole crop and the stability of the response was again
very high (r?=0.93).

Both yield level und yicld type can to some extent be taken into account by
expressing vields in monctary value and, of course, this approach also has the
merit of giving an economic evaluation of the different systems. For this parti-
cular crop combination the higher value of pigconpea roughly offset its lower
yicld, so monctary valucs (Fig. 6) showed little difference from rclative yiclds
but this approach could highlight important effects for other crop combina-
tions or for different price ratios of the two crops.

Ac a further comment on the regression approach it should be cmphasized
that there can be problems in deciding which cropping system should be used
to calculate the environmental index. With the sorghum /pigconpea combina-
tion, regression patterns showed litie difference whichever system, or combi-
nation of systems, wos used; thus the index was based on all systems to give the
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cropping systeins (market value Rs 1 /kg sorghum, Rs 2/kg pigconpea),

best aggregate indication of environmental effects. But where the environmental
responses of intercrops and sole crops are very different, it can be argued that
intercropping cffects 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 whether to use only cne or both of the sole
crops. Where onc of the crops has to maintain an intercropping yield cquivalent
to a full sole crop yield, and where this sole crop is thus clfectively the practi-
cal alternative to intercropping, it scems reasonable that the index could be
based only ou this crop. On the other hand, both creps should presumably be
included where intercropping aims to achieve some balance of the two Crops.
It is suggested that in this instance the index shonld logically be the ‘shared
sole’ situation described above, so that the two crops are aiven the same weight-
ing as their relative importance in intercropping. As an example, Table 2 gives
the regression parameters obtained by fitting the present sorghum/pigconpea
data in this way; comparison with the parameters in Figs £-6 shows that this
approach was little difierent irom basing the index on all the cropping systemns.

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 means 5 a farmer. On the assump-
tion that a farmer’s major concern is to oy id ‘disaster’ situations, a third
approach estimated the probability of cach crop ing system failing to provide
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Table 2. Stability parameters for fitted regressions, using shared crop
yields as the basis for an environmental index

Returns

(sorghum pigeonpea=
Yield (kg/ha) Relative yield 1:2 Rs/kg)
Y b r Y b r? Y b r?

(Rs/ha)
Sole sorghum 3209 1.45:0.04 095 1.00 1.15:0.07 0.82 2787 1.19£ 0.07 0.84
Sole pigconpea 1446 .80+ 0.06 0.24 1.0C 0.76+0.11 045 2706 0.70: 0.10 0.42

Intercrop 3656 131104 095 145 1,24:0.06 0.89 4052 1.25 + 0.05 0.89
Shared crop 2521 1.0 1.00 1.00 100 .00 2770 100 .. 1.00
SE: 85 0.03 96

given ‘disaster’ levels of monetary returns (Fig. 7). An additional feature of this
presentation is that, because price structures are not static, the price ratio for
sorghum:pigeonpea was randomly allocated for cach location within the range
1:1 and 1:3, though the data could Just as casily be presented for any fixed
ratio required. The cost of ¢ pplicd nitrogen was deducted from these returng
because it represents the maia voriable cost at the different locations.

At any given disaster level intereropping showed a much lower probability
of failure than cither sole crop. Hlustrating this for an example disaster level of
Rs 1000/-, sole pigeconpea would fail approximately one year in five, sole
sorghum one year in cight, shared sole one year in thirteen, bt intercropping

80[‘

}.

Sole pigeonpea

[+2]
o
T

Probability of failures (%)
s
o
T

N
Q
T

.__H:U-—-U”— 2 ! 1 )
250 1750 3250
Disaster levels of income (Rs/ha)

Fig, 7. Probability of failure for sorghum and pigeonpea in different cropping systems
at given disaster levels of income,
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only unc year in thirty-six. Thus in these simple practical terms intercropping
did indced show a much improved stability over any 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 because of a higher intercropping yield as
well as a genuine reduction in the variability of the yield. Of course the farmer
still gains the overall benefits depicted in Fi. 7, whether these accrue from
higher yicld or less variability in yicld, on which basis the approach scems
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 intercropping
system. All the approaches examined may have some merit and only further
examination in other situations will resolve which is likely 1o prove the most
generally uscful. The calculation of a cocfficient of variation is probably the
most limited, giving only a relatively simple cxpression of the variability around
a mean yicld; fitting a regression against an cnvironmental index may well be
much more fruitful where large environmental responses produce big deviations
from this mncan.

Estimating the probability of crop ‘failures’ has cons‘derable appeal because
this more closely reflects the farmer’s attitude to staility, as well as giving
much the clearest indication that intercropping can indced be appreciably more
stable than sole cropping.

As a final comment, it should be emphasized that the uscfulness of any
approach may be limited by the nature of the data being examined. As indica-
ted carlicr, the important cffects of stability are probably those which occur
over different scasons, yet experimental data are usually from different loca-
tions in only a limited number of scasons. Only further examination is likely to
show how far these location ¢ffects can indicate scasonal cffects.
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