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TW USE OF RISK AVERSION IN PLANT BREEDING -- CONCEPT AND APPLICATION 

B. C. Barah H. P. Binswanger, B. S. Rana and N. G. P. Rao 

The Indian Sorghum Improvement Program has aimed to develop short 

duration, high yielding and widely adapted hybrids and varieties from 

teaerate x tropical varietal crosses. Such hybrids and varieties are 

expected to withstand location specific environmental fluctuations and 

.still give high yield at a given location since genotype x year interaction 

was observed to b* smaller than genotype x location interaction (Rao, 1970). 

The question is pursued here more formally. The concept of stability
 

is used exclusively in its temporal connotationand is the converse of low
 

levels of risk. Adaptability is restricted to its location dimension
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and is d',fined as low fluctuations of (average over years) yields across 

location. This distinction is due to Evenson et. &l. (1978). Stability 

(or conversely risk ) and adaptability are measured by using a simple 

analysis of variance technique. The decision-theoretic concept Of risk 

aversion is then used to establish a genotypi ranking which is baged on 

farmers preferences and takes account of both average yield and stability. 

The following questions are then pursued: 

i) Do hybrids outperform varieties when the preference based 

ranking is used rather than a simple yield ranking? 

ii) Do yiald and preference based rankings deviate strongly 

from each other? 

ill) Are measured adaptability and (temporal) stability highly 

related? 

iv) Uay wall can sa/gle yur data predict stability or adaptability? 
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Materials and Methods 

A balancia set of five hybrids (CSH.l. CSH.2, CSH.4, CSH.5 

and CSH.6) and six varieties (Swarna, 148, 302, 555, 604 and local) 

tested over 18 comon locations from 1971 to 1974 in the All India 

Coordinated Trials was chosen out of total 103 varieties/hybrids tested 
the


in a total of 82 locations. The trials were conducted duri.monsoon 

season and virtually all under rainfed condition. A uniform fertilizer 

dose of 80 Kg N + 40 Kg P205 and 40 Kg 2Oper ha was adopted with 

minor variations at some locations. The soil type was dissimilar fom
 

region to region but deep black soils were prevalent in the major sorghum
 

growing belt. Trials were conducted in a complete randomized block 

design, entries replicated threo times with a net plot size of 22.5 

sq. metres. The plantings were done at a spacing of 45 cm between 

rows and 15 cm between the plants to get a plant population of 180,000 per 

ha. Early sowing and other plant protection measures were used. 

The average across station rainfall for the different y.ars 

was as follows: 



1.1 Measures of risk and adaptability
 

The stability relevant and adaptability relevant components
 

of variability are measured based on the following random effects
 

make: 

Y,.tt 0 pi + Xije+ Tit 

Y isthe yield of genotype i (i-l,...,V) at location e(l,...,L)
 

and in year t (tal,...,T). The genotype mean is pi, Al is the
 

effect of location t on genotype i and Titt is the location by
 

year interaction. For analysis of variance purposes Tit has to be
 

further split up into Tit t 0 Yit + lilt where v
 

it,. the average year effect on genotype i and nitt is the residual
 

location by year interaction. The following two subsections are a
 

sharply condonsed version of portions of Binswanger and Barah (1980)
 

to which the reader is referred for fuller details.
 

Replications are neglected in the analysis, although an extension
 

to include their effect is straight-forward. The variance of genotype i
 

yield then is
 

02
i 
. 02 + G02 (2) 

The "adaptability component" of the variance is v2 (estimated 

2 2 x 2by SA ) while the "stability component" is a i, measured by SiT. 

(Formally this component is again broken up as 022 2 ). 

A farmor at any given location only experiences the stability component
 

02 as his levol of risk. Unlike the breeder, he is not interested
iT 

in the (average) perforance of the genotype at other locations, i.e. 

the adaptability component a2 is irrelevant for him. 



From the mean squares (MS) of analysis of variance tables of each 

genotype yield across years and locations (and neglecting replications)
 

these components are measured as 

2S2 = S + S2 HSyears_ " NSresidual + iSs
 

S yea r s 
 + (L-l)MSresidual (3) 

L 

2 • Hlocation -Sresidual (4) 
-x T 

For reasons explained in tho next section and because of the one

to-one relationship of rankings based on variance a ,d standard deviation, 

square roots of these componens are used as estimates of stability

and adaptability-relevant standard deviations. 

1.2. Decisions under risk and a measure of risk aversion
 

Ranking of genotypes by average yield and risk, as measured here by
 

the stability-relovant standard deviation will usually not coincide. A
 

unique ranking for choosing among these genotypes can on!y be established
 

by using decision theory under risk as developed by stet5'stician and
 

economists. For an exposition of these theories see Anderson, Dillon and
 

Hardaker 1977. The simplest such framework is Expected Returns-Variance 

analysis (E-V analysis). Before proceeding, however, note the following 

about this choice-theoretic framework : One can nv%13ct the issues 

of subjective probabilities or perceptions of farmers because the 

analysis here is prescriptive i.e. it addresses the question of 



what should be recoumended to farmers. --V analysis also assume that
 

yields are normally distributed over time (which cannot be tested with only 

4 years of data); if there are sharp divergences from normality, more 

complex models are required. Furthermore, E-V analysis is usually performed 

done with profits rather than yields. Since in the trial considered
 

the cost of production is the same for all genotypes and we have no
 

information about their output price differences profit or yield leads to
 

identical rankings. Where data sets have different characteristics the 

same analysis can be done by letting Yilt stand for profits rather than yield. 

In H-V analysis the farmer is assumed to have a utility function
 

which measures his level of satisfaction taking into account both average
 

yield and stability, i.e.
 

u Uf p # (4)
 

Problems associated with measuring such functions have occupied 

economists and experimental psychologists for the past 150 years and 

need not concern us here. What is important is that different 

combinations of expected return and stability can lead to the same level 
(4) 

of satisfaction, i.e. one can solve equation/for Iso-Utility curves.
 

g (025() 

Because of the one to-one correspondence of a and a2 

we can write this in the expected return - standard deviation space as 

Pil - h (uan.). 

Such iso-utili**y curves are given in fig.l below as lifies AB, BD or %D. 
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The steeper the lines, the less rLsk.averse is an individual. The slope 

of the line AS/A? is the tradeoff an individual is willing to accept 

between expected yield and standard deviation. Individuals with a 

given slope of these lines will choose the genotype which lies on the 

line farthest to the right in the graph because lower standard 

deviation and higher yield lead to higher utility. 

Binswanger (forthcoming) has measured the slope AS/AE of these
 

isoutility curves for semi-arid tropical farmers in the Indian sorghum
 

growing belt. He finds that it lies in the fairly narrow range of
 

1.5 to 3.0 with a mean value of 2.0. This mean value will be used for 

the preference based ranking. 
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2. RESULTS
 

The stability relevant standard deviation ST plotted (vertical
 

axis) against the mean yield of each genotyp6 across all location
 

and over years (horizantal axis) shows that the genotypes fall into
 

two distinct groups (fig.1). The hybrid groups have average yields 

ranging from 29.S to 46.8 quintals per hectare while the local check
 

and the varieties have yields from 19 to 28.1 quintals per hectare.
 

Hybrids thus dominate all varieties from the yield point of view.
 

However, the hybrids as a group tend to have slightly higher stability

relevant standard deviations than the varieties-cum-local groups. The
 

most popular hybrid such as CSH.S and CSH.6, therefore, are highest 

yielder as well as higher in S. By and large higher yialds must be 

"paid for" by higher stability-relevant standard deviations.2 

Five genotypes 555, 604, 148, CSH4 and CSR.5 are stability

or risk-efficient sincm no other genotype exists which has both higher; 

(or equal) yield and lower (or equal) standard deviation. No risk

averse decisions maker, regardless of his level of risk aversion, would 

choose a genotype which is not stability-efficient in this sense. 3 But 

to choose the "preferred" genotype from the risk-efficient set requires
 

knowledge of the extent of risk aversion.
 

For this particular data set and for all three levels of risk 

aversion (1.5, 2, 3) the preferred genotype is also the highest yielding 

one, CSH. 5. In fact the raning hAsed on risk-preftrance divides the 

genotypes into the saue two groups as a yield-based ranking, naiely 

the ro' rid and the varieties groups .able 1)., This answers question (1) 



--------------------------------------------------------------------

------ ------

Table 1. Ranking of sorghum genotypes according to different device criteria and in different years 

RANKING d p a a t -

Gem- 4 years Ri Stabi- Stabi- Adapta- Adapts

type average Yield prefe- lity lity bility bility
effi- standard standard effi- 1971 1972 1973 1974
yield cient, devia- devLa- cientQ/ha set tion tion set 

1 2 3 4 5 6 7 8 9 10 11 12 

CSH-5 46.80 1 1 * 17.6S 10.90 * 1* 1* 1* 1* 
CSH-4 35.18 
 2 2 * 13.07 7.88 * 3 4 3* 2* 
CSH-6 35.16 3 3 14.64 11.27 2 2 2* 4 
CSH-1 30.29 4 4 14.95 9.96 4 3 4 10 
CSH-2 29.54 5 S 15.34 11.93 5 6 5 5 
SWARNA 28.12 6 6 13.90 7.00 7 5* 6 3 
302 24.18 7 9 14.27 7.34 9 7 7 9 
148 23.77 8 7 * 11.40 6.08 * 6 9 8 7 
604 23.09 9 8 * 10.83 5.90 * 8* 8* 9 6 
55 21.51 10 10 * 9.48 6.52 11 10* 10* 8 
LOCAL 18.52 11 11 11.74 4.95 10 11 11 11 

--------------- m------mm-- ------------------------------------------------- -----------

* The genotype is in the respective stability-efficient, adaptability-efficient or variability 

-efficient set
 



- -
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Table 2. Annual yields, their standard deviations, and variability
 
efficient sets
 

- - -. -- - - - - - - -

Genotype 1971 1972 1973 1974
 

CSH-5 57.76* 40.57 45.15 13.71
 
(25.92) (16.47) (19.35) (15.38)
 

CSH-4 35.30 32.15 37.17 36.12
 
(18.18) (16.44) (15.51) (9.36)
 

CSH-6 38.18 36.76 10.22* 25.4.8
 
(19.99) (20.57) (16.57) (11.52)
 

CSH-1 31.39 33.22 35.91 20.66
 
(17.92) (19.15) (18.20) (11.63)
 

CS-.2 30.28 30.15 32.34 
 25.1
 
(19.19) (18.86) (22.25) (17.58)
 

Swarna 24.81 31.16* 24.48 32.02
 
(18.2) (13.90) (14.13) (14.85)
 

302 22.3 29.26 20.56 24.59
 
(17.16) (18.58) (10.-2) (i6.16)
 

11.8 26.4.0 24.4.8 19.hl 25-09
 
(15.19) (.11.65) (12.00) (12.02)
 

60 23.35 24.74* 18.95 25.3
 
(2..8) (I0.48) (12.79) (13.10)


* * 
555 21.29 22.10 17.94 24.7
 

(12.96) (8.66) (8.65) (14.1)
 

Local 21.95 18.33 17.16 16.68
 
(13.13) (10.22) (16.20)- (10.5)
 

-


Genoype is in varisbility-efficient set i.e. there exists
 
no other genotypes which has equal or high yield and equal
 
or lower standard deviation.
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in the introduction in the affirmative. Furthermore the yield based ranking
 

and the preference based ranking not 6nly coincide across these groups but are
 

very close within each group as well. The only rank reversal is the one
 

between 302, 148 and 604. These genotypes have very similar eldsi
 

Where
substantially different standard deviations causing reversal in rankingI. 


yields differ widely such reveraals do not happen. For this data set the
 

second question of the introduction is also answered affirmatively.
 

The adaptability-relevant standard deviation is plotted against
 

average yield in Fig.2. In absence of a choice-theoretic criterion for
 

trading off yield against adaptability variance (Binswanger and Barah, 1980)
 
one can only
 
make the inference that a genotype dominates another in the adaptability
 

sense if it has equal or higher yield and equal or lower adaptability
 

variance (standard deviation) . CSH-5 dominates CSH-2 and CSH-6 ; 

and CSH-4 dominates CSH-l, CSH-2 and CSH-6. Variety 148 dominates only 555.
 

This dominance criterion can be used -odefine an adaptability-efficient
 

set of genotypes as that set genotypes which are not dominated by any
 

other genotype in the adaptability sense. The adaptability-efficient
 

The local check is
set consists of 604, 143, SWARNA, CSH-4 and CSH-S. 


also adaptability-efficient.' Since the local check differs from location
 

to location, interpreting its adaptability-relevant standard deviation is
 

not very meaningful.
 

However, the adaptability-efficient set contains largely the same
 

Swarna is contained
genotypes as the stability efficient set (Table 2). 


in the adaptability-efficient set but not in the stability-efficient one,
 

while the reverse is true for 555. Inparticular CSHS and CSH-4 rank
 

highest by yield and by risk preference and are also adaptability-efficient.
 



Varieties 148 and 604 are among the lowest yielding but highest in their
 

stability and adaptability.
 

The correlation coefficient between stability relevant and adaptability
 

relevant standard deviation is also high at r 0.80 which is significant at the 

0.01 level of proba- Thus the third question in the introduction is
 
bility.
 

also answered affirmatively.
 

In a single year multilocation data, the total SD confounds
 

stability and adaptability variance components and is thus neither a
 

measure of stability nor of adaptability. It is larger than either one
 

individually. However one can define variability-efficient sets just
 

as before for stability and adaptability. A genotype is variability

efficient if no other genotype has both higher (or equal) yield as well
 

as lower (or equal) total standard deviation. 

Comparing single year yield rankings with .he yield rankings 

over all four years and with the risk-preference rankings the individual 

year rankings coincide fairly well with the overall yield and preference 

rankings uhere ultimate yield differences are large. CSH-S always occupies 

first rank and local"is last .in 3 out of 4 years. On the other hand, 

Swarna does better than some of the hybrids in 2 out of 4 years. This 

leads to the conclusion that large yield differences in single year are 

good predictors of yield differences over several years and of risk preference 

based rankings but smaller differences must be confirmed in several years 

of trials. The fourth question of the introduction therefore receives 

only a qualified yes. 
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3. DISCUSSION
 

It is our contention that the use of the joint regression technique
 

of stability analysis is an inappropriate technique for analyzing stability
 

in its risk connotation, although we do not dispute its usefulness in other
 

contexts (see Yates and Cochran 1938, Pindlay and Wilkinson 1963,
 

Eberhardt and Russel 1966, Perkins and Jinks 1968, and Freeman 1973). 
First
 

the concept of stability used thee coincides with stability as absence
 

of risk only if it is used in a (usually non-existent) data set for a
 

single location over many years. 
 It does not properly distinguish
 

between a location and temporal dimension of variability, except in its
 

extension by Evenson et. al. (1978). 
 Second its measures of stability
 

(regression coefficients and sometimes the residual variances vround
 

regression lines) has not been related to any choice theoretic criteria
 

for choice under risk . The neglect of a proper choice-theoretic 

framework is in our view the major reason for the continuing confusion
 

about what are proper measures of "stability" of genotypes, whether the 

discussion revolves around risk or adaptability as defined here. 

The technique proposed here overcomes these shortcomings in the 

risk dimension. (But further work is required to develop a choice-theoretic
 

framework of the adaptability issue). It is simple and can be easily
 

used with multilocation yield trials. It does require corresponding 

measures of risk aversion but such measures will increasingly become
 

available for other farmer populations than the one studied here. 

One limitation of the techniques is that the reaults are fairly 

specific to the agroclimatic region within which the experiments have been 

conducted, a problem shared by the joint regression approach as well. 

The preference based rankings of these eleven genotypes may not be the same 
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if tested in a similar way in Africa, for example. As discussed in
 

Binswanger and Barah (1980) or Hardwick and Wood (1972) such region

specificity can only be overcome by using regression techniques on
 

plant independent variables.
 

The results of the specific application are comforting to Sorghum
 

breeders in India., and may be elsewhere. Yield and risk-preference
 

based rankings are very closely related, although further analysis is
 

required to see whether this is also the case at lower fertilizer or
 

plant protection levels. Furthermore adaptability and stability are
 

highly related, supporting a multilocation breeding and testing approach
 

in the pursuit of both low risk and high yields.
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FOOTNOTES
 

1. 	 Measuring risk by variance or standard deviation is only appropriate 

for normal distribution (See Roumasset 1979 on the problems of 

appropriate measures of risk.) The use of the measure of risk 

aversion used below, (the tradeoff between yield and standard
 

deviation)has a similar requirement.
 

2. 	 They may, however, have lower coefficients of variation (CV) of 

yields. But CV cannot be used in this type of analysis because (a) 

no decision theoretic framework exists relating CV to yield or 

profits and (b) unlike for S , rankings by CVs of profits will 

not be identical to rankings by CVs of yields, even if output 

price and input levels do not differ by genotypes. 

3. 	 Even without knowledge of the level of risk aversion of a decision 

makim one can thus classify genotypes into two sets. This type 

of analysis can be extended to non-normally distributed yields 

where the concept of stochastic dominance is used (Anderson 1974). 

But such efficiency or stochastic doainance analysis does not lead 

to unique rankings. 
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