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Risk and the holes of Cropping Systems: MWybrld Sorghum and
Cotton In the Akola RMeglon of Central Peninsular Indla

7.S. Walker and K.V. Subba Rao*

Experimente] evidence convincingly indicates that high ylelding sorghum
hybrids have greater yleld stablility then unimproved local varleties
(Barsh ot al. 1980). Whether this conclusion applies to less protected
ond less fertile environments typlcal of many farmers' flalds In the Sem!
Arfd Tropice of iIndia is an open and probably site specific gquestion.

A more fundemsntal Issus relates to the basls for comparisons on
yield stability. Clearly, for rabl sorghum that is largely sole
cropped on residual soi) molisture In the postrainy sesson stabillty
comparisons between improved and traditional cultivars are valld and
thoroughly Informative. But for sorghum hybrids plantaed In the ralny
sesson stability evaluations that use local varleties as a yardstick
do not tell the whole story. (n the rainy season, local verleties
are commonly planted in Intercropping systems. They often are
relstively minor components In those systems particularly In the black
sol ! cotton growing regions of Maharashtra where sorghum hybrids are
more widely diffused then In most other states In India. Although
sorghum hybrids are eminently sultable for Intercropping (Willey
et al. 1981), farmers have steadfastly refused to plant them In thelr
traditional and semi-improved Intercropping systems. Most hybrid
sorghum is sole cropped and mansged more intensively than In competing
Intercropping systems.

The behavior of farmer suggests that they view sorghum hybrids
and local varleties not as two different types of cultivars but resther
as two different spacies. Sorghum hybrids have a high yield potential
and harvest index and are short-statured, photoperiod Insensitive,
and early maturing. A contrasting set of adjectives describes local
varieties. Sorghum hybrids snd local varieties are readlly differen-
tiated in: the market and fetch different prices for gralw and
fodder. ‘han phenotyplic change Is 3o compliste, risk analysis among
sltemative cropping systems may offer a more informative perspective
on relative stablility. Sorghum hybrids may be notably more steble then
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local varleties, but returns In sole-cropped hybrid sorghum may be
markedly more variable than what is obtained in competing inter-
cropping systems In which loca! sorghum occuplies a proportionately
sma!l area and hence plays a minor role in conditioning revenue
variadility.

The economic stabllity of sole-cropped hybrid sorghum vis-a-vis
two common intercropping systems In the Akola reglion of Maharashtra is
the central theme of this paper. The study is based on farm-leve!
data from Kanzara, one of the sites for the ICRISAT Village Level
Studies (VLS). The VLS are conceptually described In Binswanger and
Ryan (1980) and data collection Instruments are documented in Binswanger
snd Jodha (1978). Agronomic and socioceconomic Informetion is gathered
from 30 cultivator and 10 lendless labor households at approximately
monthly intervals by a resident investigator In each villags. For
cropping systems analysis, the unit of observation Is the plot, and we
use fleld data over six cropping years from 1975-7% to 1980-81.

The study bullds on and extends our descriptive research (Walker and
Subba Rao 1982) on ylelds and net returm distributions for the cropping
systems most commonly practiced by farmaers In the VLS. The technical
and economic features of the common dryland rainy season cropping
systems In Kanzara are dlscussed more thoroughly In that work, and soms
highlights are presented In Table 1.

A farmer with adequate resources in Kanzara can choose from four
common dryland cropping systems for planting In the rainy season. Thess
Include two cotton intercropping systems, sole-cropped hybrid sorghum,
and sole-cropped hybrid cotton. The most traditional and most common
option (cotton intercrop 1) is to row Intercrop desi or local cotton with
pigeonpea and sorghum. A typical row ratlio for the three crops Is 12:2:1
local cotton dominates the system. Use of purchased Inputs Is minimal,
and returns are low but extremsly stable (Table 1). The second alter-
native (cotton intercropping 2) for the farmer Is to invest more In
this system by applying more purchased Inputs particularly Inorganic
fertilizer, by planting with the more labor Intensive 'dibbling method'
for improved weed control, and by substituting more profitable cotton
for locad) sorghum in the cropping system. Hybrid sorghum is another
step towards commerclal cropping,and It Is more intensive In Its demand
for purchased inputs particularly pesticlide and fertilizer.! Farmers
spray hybrid sorghum In Kanzara to contro! stem borer and midge.

1. In years of abundant rainfall farmers sowing hybrid sorghum in the
rslny season can plant s second crop In lower lying flelds or in those
that are located near wells, DOryland chickpea and irrigated wheat are
the most popular choices for sequential cropping. About 30% of the
arsa and plots planted to hybrid sorghum were cropped sequentially In
Kenzars from 1975-76 to 1980-81. Because sequential cropping is less
common and |s restricted to site specific fiald conditions, we focus
on the sole cropping of hybrid sorghum during the rainy season in thls

paper.



Table 1.

Salient features of comron cropping systems In Kanzara®

Description

Cropping system Hybrid
totton Intercrop 1 tton Intercrop 2 sorghum

Type of cropping

Row Intercropping: Row Intercropping; Sole

cotton:plgeonpea: cotton:pigeonpea cropping
sorghum (12:2:1) (12:2)
input e .
inorgenic ferti- 1h 37 60
lizer (% plots)
Pesticide (X plots) 0 8 hé
Yield
mean yietd® (kg/ha) 135 178 871
C.v. L 55 68
Skawmess® 0.31* 1,20nn 0.16
Economic
Total variable costb'c 345 bbk 525
(Rs./ha)
Mean net rotunnsb'd 368 L 505
(Rs./ha)
C.V. of net returns 7h 99 115
Skewness of net returns® 0.51w# 1,97%# 0.4
Number of observations
from 1975-76 to 1980-8¢
Plots 190 98 78
Cultlvator households 32 25 23

8. Source: Qonstructed from Walker and Subba Raso (1982).

b. Simple average (across plots) of dats adjusted for individual farmers

d.

effects. The adjustment procedure s described in Walker and
Subba Rao. VYield data refer to cotton In the two intercropping systems.

Total variable cost is estimated on the opportunity and monetary costs
of all inputs including famlly labor and owned draft power.

Net retums to management, land, and capital and is equivalent to the
value of production of all components of the cropping system minus
total variable cost discussed in note c.

*% and * denote statistically signiflicant differences from corresponding
values for the norms! distribution at the .0! and .05 levels respectively



$ole-cropped hybrid cotton relles more heavily on purchased (nputs than
hybrid sorghum, but unfortunately we do not have snough field-level
cbservations to include It in the analysis,

Switching from the traditional cotton intercrop | to the seal-
Improved cotton Intercrop 2 to sole-cropped hybrid sorghum implies
acceptence of more risk -~ the cosfficient of varistion increases from
74 to 99 to 115 - in enchangs for higher profits. 1t Is this tradeoff
in risk and profits that is the central thems of the paper.

The conflict between risk and expected profitablility Is introduced
with & msan variance analysis In the next section. The simple msan
varisnce framework s applied in a portfolio approach in the second
section to explore this tradeoff in a more realistic setting. The ares
response to chenges in yleid stability in hydrid sorghum production is
eveluated in the sems section., Consequances of skemess in net return
distributions are discussed In the third section. The paper concludes
with implications for the development of Improved sorghum hybrids and
varieties and for risk assessment in cropping systems.

THE TRADEOFF BETWEEN RISK AND NEY CROP INCOME

Returmming to Table 1, we see that If & representative farmsr In Kanzare
would substitute hybrid sorghum for local cotton in the first inter-
cropping system he could expect an increase in net crop incomes per
hectare from about 370 Rs. to 500 Rs.; however, he would also have to
accept more risk the estimated cosfficient of variation on net returns
rises from 74 to 115%. (|f farmsrs were neutral to risk and maximl zed
profits, the galn to soclety would be sbout Rs. 130 or about 145 (kgs/
ha) of hybrid sorghum provided Input suppllies and output demands were
perfectly slastic and markets were perfect.Z In other words, 145 kilos
of sorghum per hectars is the beneflit that we would assign to a program
designed to reduce the financlal risk accompanied by Increasing the
area undsr HYV sorghum production.

The conflict betwesn risk and expected profitabllity In shifting
from less profitable and less risky common cropping systems to those
that are more resunerative snd less assured Iis fairly sharp in Kanzars.
Optimal cholcs of cropping systems hingss on farmer risk preferences
that ere analyzed with 8 stendard msan-variance spproach,

The msan variance framework allows us to quantify tradsoffs between
expectsd profitabllity and risk. Net returns are sssumad to be normelly
distributed, and risk Is therefore synonymous with variancs. Farmers
are supposed to maximize a weighting or utllity function that depends on
the msan level of net returns and varlancs In each cropping system,
Graphically, this Is equivalent to plotting the mesan lsvel of net
return on the Y axis and standerd devistion on the X axis in Figurs 1.

2. Valuad In late 1970s prices,
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Coordinates with respect to mean snd standard deviation are taken from

the net return datea presented in Table '. The key statistic In the
snalysis s the risk tradeoff cosfficient § thet is dafined ss the change
in expected mean retum divided by the change In expected standard devia~
tion &% our averaqe farmer substitutes one cropping system for another, In
Filgure 1, we also assums thet returms between different cropping systems
are perfectly correlated.

The first point to observe (n Figure | is the moderate tradeoff In
risk implied by switching from cotton intercrop 1 to cotton Intercrop 2
to hybrid sorghum in Kanzara. A tradeoff coefficlient of 0.51 between
cotton intercrop 2 and hybrid sorghum says that a farmer prefers to plant
hybrid sorghum (f he s willing to accept a one Rs. or lass Increase In
expected retums for a two Rs. rise in.standard deviation, Farmars who
desire o higher increase in expected return to compensate for a two unit
Increase in standard deviation prefer to plant more cotton intercrop 2.

Binswanger (1978) with a series of experimental games has astimeted
values for § for farmers In Kanzara. From the results of the largest
geme whers farmers could select various altematives between a sure bet
of Rs. 50 to a risky alternative of Rs. 200 for a good outcome and zero
for an unfavorable outcome, Binswanger found that most cultlvators In
Kanzara were intermediately to moderately risk averse. Thelr cholces
implied .the following distribution of values for # (Table 2).

Table 2. Distribution of risk attitudes In the Rs. 50 game for
29 cultivator househo!ds In Kanzara.

% of
Risk attltude category Value for § rospondents
Severely or extremely risk Greater than 0.66 0
averss
intermediately risk averse 0.50 to 0.66 Lo
Moderately risk averse 0.33 to 0.50 46
Slightly risk averse or risk Less than 0,33 14
neutral

Source: Constructed from Binswanger (1978).

On comparing the estimates in Table 2 with the tradeoff values Implied
In Figure 1, we see that the cholice of cropping systems |s extremsly
sensitive to the leve! of farmer risk aversion. Fourtsen percent of the
farmers are clearly willing to accept the risk In going from a cotton



intercrop system to hybrid sorghum, but for the other cultivators the
decision s not s ciear. The tradeoff values of 0.5! In Figure !l
spproaches the modal valus of Q50 estimated for farmers' risk attitudes
In the experiments] games. Clearly, risk does make a difference for
many farmers and the size of the difference can be more accurately

me s ured ult" s portfollo anslysis.

THE CHOICE OF CROPPING SYSTEM
Portfollo Analysis

We have Implicitly assumed that the farmer planted all his land to one
cropping system. We know that this (s a strong assumption because land
Is divisible among cropping systems, and there may also be a need to
rotate cropping systems scross space and time. A more reallstic approxl
mation to the farmer's decision and hence a sounder empirical base for
measuring the cost of risk aversion is contalined In (1),

Max EU[(p'w' +p,v, * (l-p'-pz)wB}A] (1)
2

where Py ® proportion of land planted to cotton intercrop |I;
Py ® proportion of land planted to cotton Intercrop 2;
l-p'-pz = proportion of land plented to hybrid sorghum;

€U » a weighting or utility function;
A = area to be planted;
z' = 3 portfollo of different proportions of the three

cropping systems. For exsmple z'=(1,0,0);
22=(0,1,0); 23+(0,0,1) etc.

The portfolio approach simply says that the farmer allocates his land
to the three cropping systems in such a way that maximizes his expected
utility. Expected utl)ity depends on the expected mesan leve! of return
and standard deviation of each portfolio sllocation. in order to make
equation (1) operational, we sgain assume that net returns are normelly
distributed and that § equals 0.5. We select the portfollo allocation
in (2) that maximizes weighted net returns after an allowance for risk
has besn deductsd.

3
Max [ p.v - "z (2)
z ksl



where ik » astimated net returns of the k‘h croppling
system k". .--38

s, " estimated standard deviation of portfollo z';

= proportion of ares planted to each cropping
system In portfollo z!.

he estimated standard deviation s, for sach portfolio Is calculated
“rom (3) where the variance of sach portfolio Is the welghted sum of
:he variances and covariance in net returms for the thres cropping
ystems,

2 22 2 2 2 2

Sp = P 4 e, 5 (M) ¢ ey,y(Ry) ¢ 20 0m) 800 ¢

(3

* 29 P30 * 2P),Py,0

Returns from the two Intercropping systems are assumed to be
perfectly correlated because cotton is such a dominent crop In elther
system, Returns from elther cotton cropping system are expected to be
uncorrelated with those from hybrid sorghum. Estimated correlation
coefficients for the six cropping-year averages support these two
assumptions.

Based on these estimates, the optimel allocation for our repre~
sentative farmer s an area allocation (n proportions of 0.40, 0.30 and
0.30 to cotton intercrop 1, cotton Intercrop 2, and hybrid sorghum.

The optima! portfolio results in a net return of about Rs. 425 that
departs from a profit maximizing portfollo planting only hybrid sorghum
by about Rs. 80. The slize of the underinvestment in hybrid sorghum

due to risk aversion is aquivalent to about 90 kilograms of sorghum

per hectare. This output corresponds to 103 of the value of production
and 163 of net farm incoms per hectsre. Agalin this is a partis! estimate
ss other factors such as sccess to credlt ars not consldered.

Farm Level Supply Response and Yield Stabillty

The portfolio analysis suggests that the cholice of cropping system is
sensitive to variability In sorghum yleld. A reduction in yleld
varlability does not translate on a one-to-one basis into a decrease
in crop Income variabllity. Prics varlabllity also conditions fluctua-
tions In net returns, and price and yield are Inversely correlatsd for
most crops. For nanirrigatad SAT districts, Barsh and 8inswanger (1982)
found that yield variabllity contributed about 80% to variation in the
monetary velue of production, while price by yleld interactions were



negetively covarlate and explained an additional 30X of gross retum
verigbllity., Vhen we sdopt thelr estimates, and ignore the negetive
coveriance betwaen prics and yleld, a 103 reduction in the CV of yleld
is squivalent to en 83 decresse In the standerd deviation of net revenue
for hybrid sorghum. The solid line In Figure 2 Is based on this sssump~
tion. The broken line Is calculeted on the sssumption that prices are
inversely coveriate with ylelds. In this case o 103 dacrease In the

CV of yleld corresponds to a 5.63 decline In the stenderd deviation of
net reveaus.

When we parametrically reducs the CV of hybrid sorghum yleld from
10 to 90%,3 we find thet the proportional portfelio sllocstion to hybrid
sorghum rises gradually and then steeply., A 3O reduction In the CV of
yield resuits In a M3 Incresse In the aress planted to HYY sorghum; the
proportional area depicted by the broken line In Figure 2-rises from 0.28 ¢o
0.41, Thers sppears to be ample scope In the Akola Reglon to Incresse
supply response of hybrid sorghum by maintaining the same average yleld
but by reducing its variancs. This could be achleved by dsveloping
cultlvtn that yleld slightly less in good years and more In unfevoreble
yesrs.

IMPLICATIONS OF SKEWNMESS IN NET CAOP |NCOME

The msan varience and portfolio approaches to risk assessmnt sssume
that net returns sre normelly distributed, and wo have seen that net
returns for the two cotton Intercrop systems sre positvely shewed

(Table 1). One intuitive way to understand the Implications of shewness
is to contrast the observed probabl!iity densities with what would obtaln
undsr the norma) distribution for the two cotton Intsrcrop systems.
Norme! distributions ere estimsted using the mean snd variance estimstes
in Teble 1. For cotton Intercrop |, the observed is siightly more pesked
but does not depart significantly from the norme) with respact to downs ide
risk (Figure 3). In contrast, the cbserved cotton intercrop 2 distribu-
tion is severely skewsd (Figure 3). For the thres lowsst net retum
frequencies (=600, -300, and 0), the probsbl )ity mess under the norms)
Is greater M under the emplirical distribution.

Because ws do not hewe Informstion of farmers' preferences for
showness - & case can be made that farmers prefer positively skewed
net cetum distributions (Anderson et al. 1977) - we cannot precisely
detarmine how showmess cbserved in ths net returms from cotton

3. Mean ylald is held constant and standerd deviation of yleld Is
decreassed corresponding to the reductions in the CV,

&. This result begs the question how more stable cultivers with siightly
Inferior yleld potentia) would fare In multilocational testing where
yleld potentisl Is an overriding criterion for sélection.
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intercrop 2 affects the cholcs of cropping system. Nevertheless, we
can draw some tentative concluslions through a comparative analysis of
what the cbservad and normal cumulative density functions (mply for
the cholice of cropping system.

The cumulative density function indexss the susmed probabllity
that net returms fall below & given level. On comparing the cholce
between cotton intercrops | and 2, we observe that the conflict between
risk and expected profitability s negligible under the observed distri-
butions and Is fairly sharp when normal distributions are sssumed, The
cumulative probabllity that returns are less than =300 Rs. Is about
0.007 for cotton ! and 0.0A for cotton 2 when net returns are assumed
to be normally distributed (lower part, Figure 4). The probablilcy
gep |s not nearly as wide under the observed distributions,

Repeating the sams comparison, the cholce between cotton intercrop 2
and hybrid sorghum leads to the opposite conclusion, ODownside risk s
cons iderably larger under the observed compared with what Is Implied by
norma! distridutions. Under norms! cumulative density functions, the
probabliity of having net retums less than or equal to =300 Rs, |
sbout 0.04 and 0.08 for cotton Intercrop 2 snd hybrid sorghum, respec-
tively (lowsr part, Figure 5). Comparable probablilities are 0.0V and
0.08 under the observed distributions (upper part, Figure 5).

Because cbserved net roturns undar hybrid sorghum are normslly
distributed and those undsr cotton [ntercrop | are not as acutely
skewsd as net returmns undsr cotton Intercrop 2, we see that the normsl
and observed cumulative distributions would glive approximately the
sams results on decisions on the cholce of optimal cropping system,
The arss between the two curves to the laft of where they cross s
sbout the same size for comparisons based on observed or norma)
distributions for cotton intercrop 1 and hybrid sorghum (Figure 6),

Suming up, the assumption of normal distributions in the msan-
variance and portfolio analyses overestimates the size of risk between
cotton Intercrop | and 2, understates the risk in switching from cotton
Intercrop 2 to hybrid sorghum, and gives similar results in compering
cotton intercrop | and hybrid sorghum that are characterized by net
revenus distributions that are less skewed,

CONCLUS |ONS

Based on historical, nonexperimsntal on-farm data, we find that risk Is
s potential deterrant to the planting of hybrid sorghum on a wider scale
In the black-soll, cotton-growing region of Msharashtra, When fermsrs in
Kanzara substitute hybrid sorghum for compsting local cotton Intercropping
systems, they can Increase net crop Incoms per hectars by 17 to 27% but
thy 't e~nrt vrlise In the CV of in~ | from 16 to 40%. Ve estimete
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that the undsrinvestment In hybrid sorghum caused by farmer risk aversion
costs soclety the equivalent of about k}los (equivalent to 10% of
sverage yleld) of hybrid sorghum per hectare valuadin late 19708 prices.

These results shoul!d be Interpreted with caution because they apply
to one representative village over six cropping years from 1975-76 to
1980-81. They are derived from by a microscoplc decision analysis and
hence are very partial; they need to be integrated Into a whole farm
planning framswork (Ghodeke and Hardaker 1981) and Into s merket scenarlo
snalysis (Behrman and Murty 1981),

If these results are valld, they provide soms ''good news'' and
"bad news'' for sorghum improvement sclentists. The ''good news'' Is
that breeding for stability In snd of Itse)f has the potential to
yleld handsome dividends. Ve calculate that a 30X reduction in the
CV of sorghum yield holding mean yleld constant would lead to a
463 Ingresse in the srea planted to HYV sorghum. This
note of encouragemant applies particularly well to sorghum hybrlds
which have a fairly high yield potential. The 'bBad news'' Is that the
local cotton Intercropping systems are remarkably steble performers.
Cotton ylelds wers more resistant to agroclimatic varlabl )ity during
the six cropping years than any other component crops In the nine
cropping systems analyzed In Walker and Subba Rac (1982). Moreover,
net return distributions from both cotton intercropping systems are
positively skewed while that of hybrid sorghum is normally distributed.
The contrasting shapes of the net revenus distributions 1ikely reinforces
the tendency of risk averse farmers to choose cotton Intercropping
systems over hybrid sorghum,

Our results suggest that skewness mattars when the estimeted
skewness cosfficient on net retums exceeds 2.00. In any case, techno-
logy risk assessment Is an intuitive exsrcise, and simple techniques
llke a comparative evaluation of the cumulative net returmn densities
may genarate more Iinsight than 8 more formal rigorous snalysis. The
foundations for » more sophisticated risk assessment are shaky becauss
we have little descriptive Informetion on farmer preferences for skewness,

TSW:KVSR:rvr
14 Sept 1982
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