






derived from observations about and research on the turnover of wheat cultivars in the

Punjab of Pakistan, to illustrate the trade-off for fanners between continuing to grow a

higher yielding, preferred cultivar and replacing it with a recommended cultivar that may

be more resistant to rust pathogens. The sum of private trade-offs involved in moving

towards a more balanced portfolio of recommended cultivars is also estimated. The

policy question is to identify which policy interventions could change the private value to

faImers so as to increase the area planted to recommended cultivars and optimize the

distribution of these cultivars.

The next section describes the research problem in terms of wheat rust epidemics

and the replacement of old cultivars with newly recommended cultivars. The underlying

conceptual approach is presented in the third section. The data, and a method for

measuring the private cost of diversity, are presented in the fourth section. Results and

implications are discussed in subsequent sections.

Yields and Wheat Rust Epidemics

Diversity and Vulnerability

Genetic diversity, or the amount of genetic variability among individuals of a

variety, population, or species, provides no insurance against genetic vulnerability, or

susceptibility to disease, unless that diversity includes genetic resistance to the pathogens

in question. ''What is important is diversity in those alleles that code for susceptibility or

resistance to the pathogen causing the problem." The American chestnut is a frequently

cited example of a highly variable landrace that succumbed to disease (Brown 1985, p. 5).
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Although cultivars may be both genetically diverse and vulnerable to disease,

plant breeding programs recognize a relationship between the diversity of cultivars

planted in farmers' fields and expected crop losses due to disease. Crop scientists ofteu

use the coefficient of parentage (COP) as a measure of latent genetic diversity. Latent

diversity is the underlying genomic variation that is not obvious until challenged by the

appropriate biotic or abiotic stress. A narrow genetic base may increase a crop's latent

vulnerability to disease and insect epidemics.3 Souza et al. (1994) cite examples of

economic losses resulting from disease epidemics that are related to low latent diversity.

The COP is a way of summarizing genealogical information about cultivars. More

specifically, the COP is an estimate of the probability that a random allele at a random

locus in a randomly selected individual is identical by descent to a random allele at the

same locus in another randomly selected individual. For the purposes of this paper and

its the discussion of rust resistance among wheat cultivars in the Punjab of Pakistan, the

concepts of latent diversity and reduced vulnerability are used interchangeably.

Rust

Rusts are historically the most intractable diseases of wheat Semidwarf wheats

have generally proved less vulnerable to stem rust in major wheat growing areas than the

improved and traditional cultivars that dominated wheat area in the 1960s, by virtue of

both increased resistance and early maturity. The rapid acceptance of semidwarf wheats

from Mexico in India in 1964-5 was in part due to their resistance to most of the races of

3 By contrast, apparent diversity is manifest in the deployment of specific resistance gense
with different virulence/avirulence reactions.
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leaf and stripe rusts which were then important.4 Using comparative data from disease

trap nurseries in Asia and Mrica from 1974 to 1981. Saari and Prescott (1985) found that

semidwarf wheats proved more resistant to stem rust than local cultivars in all years, and

to stripe rust in all years except 1976. An historical review of wheat rust epidemics in

India over the past two hundred years does not support the claim that widespread

cultivation of high-yielding dwarf wheats with similar genomes may lead to famine

conditions (Nagarajan and Joshi 1975)5.

That is not to say that rusts in general, and leaf and stem rusts in particular, do no

present continual challenges to breeders. In 1976-77, a major leaf rust epidemic occurred

in Sonora, Mexic06 (Dubin and Torres 1981). In 1981 in Mexico, and in 1985 in Texas,

leaf rust resistance also failed7
• Leaf and stripe rust epidemics occurred in India in

several years from 1967 on. Only those of 1971-2, 1972-3 and 1980 in the Northwest

caused appreciable damage on modem varieties, and the largest estimated losses were far

less a proportion of total production than for epidemics that occurred before the

introduction of semidwarf wheats. Three stem and leaf rust epidemics elsewhere in India

4 It is important to recall that before the introduction of the semidwarf wheats, a large
area in India and Pakistan was already under scientifically-bred improved cultivars.
For example, the estimated areas already planted to improved wheats were 2.9 and 7.9
million acres (12 and 22 percent of the total area) during 1926-27 and 1938-9 respectively
(Nagarajan and Joshi 1975).
S The first recorded wheat rust epidemic in India occurred in 1786. The study by
Nagarajan and Joshi (1975) shows that rust epidemics can aggravate preexisting famine
conditions it the epidemics occur prior to or after a poor monsoon. They note that prior to
the genetic manipulation of cereal crops, susceptible native wheat "occupied millions of
acres at a stretch" but no disaster comparable to the 1845 Irish Famine occurred (p. 32).
6 The variety Jupateco covered 75 percent of the wheat area in southern Sonora at that
time.
7 The variety Nacozari, released in 1976, was the diseased cultivar.
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during the 1970s also appeared to be more damaging on local varieties than on semidwarf

wheats (Joshi et al. 1980, Nagarajan and Joshi 1975). Pakistan;which shares part of its

rust pathosystem with India, suffered similar losses in 1972-3 but greater losses (an

estimated 10 per cent of the national crop) in 1977-8.

Wheat CuJtivar Replacement in the Punjab of Pakistan

Continued release of new varieties is a routine (and short-tenn) tactic that

breeders pursue as a weapon against rust epidemics8
• Saari and Prescott (1985) attribute

the comparatively severe losses among Pakistan's farmers in 1977 to the fact that India's

farmers rapidly replaced cultivars with those carrying a higher resistance level following

the preceding epidemic. The rate of cu1tivar replacement on farms is a measure of the

potential exposure to disease epidemics due to breakdown in disease resistance of older

cu1tivars. Brennan and Byerlee (1991) have used the weighted average age of cu1tivars as

a simple but improved measure for detennining the rate of cultivar replacement. Applied

to wheat data across regions and over time, their results indicate an average age of

cultivars of about 7 years. The Punjab of Pakistan, however, falls well outside the range

calculated for other major wheat-producing regions, with a weighted average age for

wheat cultivars of 11.1 years.

8 Principal strategies that plant breeders use routinely include crossing methods, such as
double or four way crosses and in wheat, crosses of spring and winter cultivars.
Multilocation testing is another way to build multiple resistance factors, or durable
resistance. Long-tenn strategies include the development of cultivars with dilatory
resistance (slow rusting), the incorporation of alien resistance genes into the background
gene pool, and breeding for horizontal resistance through multiline composites and
varietal mixtures (Dubin and Rajaram 1981).
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Seven years is a period of time that is comparable to the expected duration of

disease resistance in many environments, although the longevity of cultivars in terms of

rust resistance is expected to be highly environment-specific9
• Kilpatrick (1975)

estimated an overall average of 5-6 years' cultivar longevity for leaf and stripe rusts with

data from a number of countries. Longevity is lower, other factors held constant, in

subtropical and tropical environments. When studying the path of stem rust in India,

Bahadur (1984) recommended the rotation of semidwarf wheat cultivars every three to

four years, combined with the use of horizontally resistant cultivars in the zones of

disease foci.

When costs, seed delivery systems and farmer adoption patterns are also

considered, the optimal period for cultivar replacement is a function of the the rate of gain

in yield potential of new cultivars, the rate of deterioriation of old cultivars, the cost of •

seed, the cost of capital, and the minimum margin required to induce farmers to replace

seed (Heisey and Brennan 1991). For example, optimal cultivar replacement rates are

lower for countries/regions with lower seed, capital and farmer learning costs.

In any case, the relatively low rate of cultivar replacement in the Punjab of

Pakistan is cause for concern to wheat breeders and policymakers. One reason why

farmers may not wish to replace cultivars as rapidly as is recommended by breeders is

9 Varietallongevity may also be promoted by management, such as efforts to increase
genetic diversity at the farm level by planting a mosaic of varieties with different
resistance genes (Priestley and Bayles 1980). Strategic deployment of gene barriers, in
the form of planting resistant varieties along the paths of pathogen outbreak, is also a
anti-epidemic measure in which farmers can engage. According to Dempsey (1990),
however, there are few recorded examples of successful, deliberate implementation of
varietal obstructions to the spread of crop disease. He cites one possible example for the
Indo-Gangetic plain in the 1971-2 leaf rust epidemic.
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that older cultivars, although they are more susceptible to rust outbreak, may yield more

in the absence of an epidemic than more recent releases. When the probable cost of yield

losses due to an epidemic is less than the (perceived) expected yield advantage of

growing an old cultivar for many farmers, a national wheat cultivar portfolio that is more

temporally stagnant and less geographical diverse than breeders would consider optimal

may result. The next section expresses this idea in a simple model.

Conceptual Framework

A simple farmer decision-making approach serves to illustrate the trade-off that

can occur when yields for susceptible cultivars are higher than those for resistant

cultivars, what factors·create outcomes with different characteristics among farmers, and

which policy variables may influence farmers' decisions.

First, assume that the farmer has a choice between a susceptible (banned) cultivar

Xl with yield Yl and and a resistant (recommended) cultivar X2 with yield yz. He grows

only one cultivar per season. In each season, he faces the prospect of a rust epidemic w

affecting his wheat crop, defmed by the probability density function g(w). The

probability density function g(w) is in the simplest case a two-point distribution. Either

the epidemic strikes his crop (w= 1 with probability q), or the epidemic does not strike his

crop ( w=O with probability l-q). His crop loss his 0 in three of four cases: (1) when he

grows the resistant cultivar and the disease strikes his crop, (2) when he grows the

resistant cultivar and the disease does not strike his crop, and (3) when he grows the

susceptible cultivar but the disease does not strike his crop. A positive yield loss h only

7

•



occurs when he grows the susceptible cultivar and the epidemic occurs with probability q.

At planting time, the farmer's expected yield is composed of two parts: (1) y* = E(y) and

(2) E(h). y* is what he expects based on his knowledge of the variety and his

management practices.

In this case, assuming that the farmer is neutral to risk and output (p) and seed

prices (c) are the same for both varieties, he maximizes expected profits by choosing to

grow the variety with the highest expected yields per hectare. Since expected profits

E [12 = P [q (Y2* - h) + (1 - q) Y2*)] - C(X2)

=p (Y2*- qh) - c (X2)

per hectare when the farmer plants the banned cultivar, and

E III = P YI * -C(Xl)

per hectare when he plants the recommended cultivar, he grows the banned cultivar if and •

only if

Y2*- qh > YI*.

Under these simplistic assumptions, a banned cultivar is grown if and only if its yield is

greater than the yield of the recommended cultivar by at least as much as the probability

weighted yield loss it is expected to incur.

The cost of diversity is the cost to the farmer of plant a recommended (resistant)

cultivar when he wants to plant a banned (susceptible) cultivar, or

p [y2* - Yl* - qh].

8



The cost of diversity is greater, and he is more likely to plant the banned (susceptible)

cultivar, as the yield gap between the two cultivars widens, as the yield loss associated

with the epidemic lessens, or as the probability that the epidemic occurs decreases.

In reality, g(w) is continuous and subjective, and farmers will generally plant more

than one variety for anyone or a combination of a number of reasons--including relative

riskiness of the varieties and risk averse behavior. various types of safety-first or "f ood-

first" behavior that express a preference for some varietal traits, rationing or fixity in

input markets related to the seed type or fertilizer applied to one of the varieties, or some

form of learning behavior or farmer experimentation (Smale et al. 1994). In that case, the

marginal conditions for the risk neutral farmer would include a penalty or additional

marginal cost that accrues to the susceptible cultivar, and would imply that the farmer

would grow less of it than if both cultivars were recommended. For the risk averse

farmer, the marginal conditions would depend on the preferences and attitudes toward

risk. In the double-season, multiple-cropping systems of the wheat growing areas of

Pakistan's Punjab, however, relative performance of cultivars under different

management conditions such as lateness of planting is probably a more important

decision-making criteria than relative yield risk or disaster avoidance(Byerlee, Akhtar and

Hobbs 1987; Heisey et al.199310
).

The simple farmer decision-making problem also becomes a social coordination

problem as soon as variation in beliefs about the yield potential of new cultivars.

10 Findings from direct questionning suggest that performance comparisons or farmer
experimentation may be imponant for farmers growing both recommended and non
recommended cultivars..
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variation in assessment of the probability of an epidemic, variation in management

practices, and the mathematics of epidemics are introduced. For example, suppose there

are N farmers and that the q is an increasing function of q(n) of n, where n is the numbc:r

of fanners growing the susceptible cultivar. Suppose also that there is a threshold Ii < N

such that q(li) would make growing the susceptible cultivar individually unprofitable. If

all farmers begin with subjective probability qo < q(ii) , all farmers will grow the

susceptible cultivar. Then the actual qI > q(ii), and all farmers would wish to have grown

the resistant cultivar. The problem resembles a repeated prisoners' dilemma with the

complication that most farmers may not know the payoffs because of the range of

cultivars and reasons for growing cultivars, imperceptible yield differences and short

memories for epidemics.

Using cultivar and yield data from the Punjab of Pakistan, the next section

expands the private cost of diversity to show how, for a region, there is a still a trade-off

between yield losses associated with banned but higher yielding cultivars and the

diversity represented by turning more area over, more quickly, to recommended, but

potentially lower yielding cultivars.

A Partial Measure of the Cost of Diversity in Farmers' Fields

Coefficient of Parentage

The coefficient of parentage for two cultivars estimates the expected percentage of

alleles common by descent at loci polymorphic within a population. Computation of the

COP value requires a detailed pedigree of all cultivars. The assumptions made for inbred
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species are (a) a cultivar derived from a cross traces half of its genes from each parent; (b)

all ancestors, cultivars and parental lines are homozygous and homogeneous; (c) the

original ancestors of the relevant gene pool, as recorded in the pedigrees, are unrelated; ,

(iv) the COP value between a selection from a cultivar and the cultivar equals 0.75; v) the

COP between two selections from the same cultivar is (0.75)2 =0.56. The assumptions

used to apply COP analysis to inbred crops, the method of calculation, and literature

sources addressing their validity are discussed by Souza et al. (1994).

For unrelated parents, the COP relationship between parent and offspring is r =

0.5. Each pair of cultivars without common parentage has an identity of r = O. Each

cultivar is equal to itself and has an identity with itself of r =1. COP information can be

summarized in a matrix R where rij =the COP between cultivars i and j. An average

COP is the average value of the COP among all cultivars (including the COP of a cultivar •

with itself) grown in a given year. Because the COP of two selections from the same

cross is 0.56, this can be used as a crude critical value for average COP. A value greater

than this implies randomly selected individual plants are more closely related than

selections from the same cross. Similarly, the lower limit on the average COP is lIn,

where n is the number of cultivars considered. Average COP measures weighted by area

planted to each cultivar may be greater than unweighted averages if one or a few cultivars

dominate in a given region.

Parentage analysis represents primarily the transmission of latent diversity, which

is indirectly related to rust resistance. Other measures could be used to examine relative

susceptibility of a cultivars more directly. Although some may have more intuitive
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appeal or may be simpler to interpret, their data requirements are no less stringent. For

example, cultivars could be grouped according the genes or gene complexes they carry

and how these related to known rust races (Priestley and Bayles 1980). Where

experimental records are available for all cultivars grown, they can also be ranked

according to observed rust infection rates (Byerlee and Heisey 1990).

In this paper average and weighted average COP measures are used to derive

simple estimates of the private cost of diversity in farmers' fields. Therefore we

indirectly assume that the lower the COP, the greater the benefits conferred through latent

diversity. That this measure is imperfect (as are most other presently feasible measures)

may be seen from the following simple example. Consider adding to a region a land race

from another region completely unrelated to any other cultivars grown in the first area,

but also low yielding, unadapted and highly susceptible to disease. The average COP

would go down, but both private and social costs would almost certainly increase.

A Cost of Diversity Measure

For the Punjab of Pakistan. we calculate estimates of both changes in individual

farmers' welfare and the aggregate of these changes over all farmers. Risk neutrality and

equal production costs across varieties are assumed. Since farmers' expected rust losses

are not known, the estimated cost of diversity reflects the extreme case in which farmers'

perceived expected rust losses by variety are zero!!. Under these assumptions, welfare

11 In the Pakistani Punjab 8 years after the last rust epidemic, this assumption may not
have been far from reality, although eventually farmers recognize the losses from growing
highly susceptible varieties and abandon them (Heisey et al. 1993).
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changes, or the cost of diversity, at the individual and aggregate level can be summarized

by simple yield comparisons.

When many cultivars are planted for a number of reasons, and expected cultivar

yields are changing over time, individual farmers may either gain or lose in an aggregate

transition from an actual to a more diverse cultivar portfolio. In any year, the aggregate

average per hectare yield loss (or gain) from shifting cultivar portfolios can be expressed

as a'y· w'y, where y is a column vector of expected cultivar yields, a' is a row vector of

associated proportion of total bread wheat area actually planted to each cultivar, and w' is

a row vector of desired proportions. 12

Following Souza et al. (1994), several diversity measures can be defined in terms

of dz = 1 - z'Rz, where z is a vector of weights and R is the COP matrix. Weighted

diversity da =1 - a'Ra, with matrices as defined above. Recommended diversity de =1 -

e'Re, where the weighting vector e consists of m- I for the m cultivars recommended by

the National Coordinated Wheat Program for each year, and 0 otherwise. Here, we also

defIne modified recommended diversity, dm =1 - m'Rm, and optimal diversity dw* =1 -

w*'Rw*. The weighting vector m consists of 0's for non-recommended varieties, but

weights for recommended varieties are modifIed based on the areas of the zones in which

it is recommended that farmers grow given varieties, depending on such factors as usual

•

planting dates and the type of rust endemic to the areal3
" The weighting vector w* solves

the problem of choosing w to max dw =1 - w'Rw s.t. w ~ O.

12Elements of a' and w' may include zeros.
13Varieties with resistance to leaf rust but not to stripe rust are often recommended for
planting "only south of Faisalabad."
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For any proposed measure of diversity, the aggregate average yield loss (gain)jor

each percentage reduction in cultivar similarity can be defined as (a'y· w'y)/l00(a'Ra

w'Rw).

Data

Area data for semidwarf bread wheat cultivars grown from harvest 1978 to 1990

in the Punjab of Pakistan, excluding tall stature wheats (which are generally grown

outside of the irrigated areas) were obtained from the regional crop reporting system.

Pedigrees were determined from Villareal and Rajaram (1988), Anonymous (1990),

Zeven and Zeven-Hissink (1976), and CIMMYT records.

Yield data were primarily obtained by restricted maximum likelihood (REML)

estimation (Patterson and Thompson 1971) on trial data at the Khanewal Seed Farm of

the Punjab Seed Corporation. This method attempts to correct for biases introduced by

, the changing composition of cultivars over the 12 years of the trials (harvest years 1980

through 1991). Yields for cultivars not included in the Khanewal data were estimated by

comparing yields from International Spring Wheat Yield Nursery (ISWYN) trials at

Faisalabad over 24 years between cultivars planted in the ISWYN and at Khanewal, and

those only planted in the ISWYN, or from data presented by Khan (1987). The major

uncertainty introduced by this process concerns the yields of the early dominant cultivars

Mexipak and Chenab 70. Our estimated yield for Mexipak is clearly biased downwards,
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because in at least a quarter of the ISWYN trials Mexipak's yield was reduced sharply by

Yields were estimated for three planting dates (NQvember, December, and

January). In determining expected yields for each cultivar, yields at these planting dates

were given weights of 0.4, 0.5, and 0.1, respectively. In reality different cultivars may

tend to concentrate at different planting dates. The cultivar for which estimated yields are

most affected by this procedure was Yecora, which in the absence of rust produces well

above the yield trend line at "normal" planting (November), but whose yields drop

sharply with delayed planting. The last two dominant cultivars for the time period

covered, WL 711 and Pak 81, yield well at all planting dates. Finally, experimental yields

were multiplied by 0.45 to make them consistent with actual farmer yields.

Results

Yield comparisons for recommended and banned (rust susceptible) wheat

cultivars in the Punjab of Pakistan are shown in Table 1.1s Over the period 1978 to

1990, in all years except 1980, the average yield of recommended cultivars was higher

than that of banned cultivars, but by magnitudes of less than 100 kglha. When weighted

by area planted to cultivars, however, average yields for banned cultivars were higher

from 1981 onwards, by 100 to over 300 kglha. Yields for both banned and recommended

1"This violates our earlier assumption that yields reflected farmer perceptions of no rust
yield losses.
lSIn practice many cultivars continued to be recommended for several years after loss of
rust resistance.
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cultivars increased rapidly from about 1981, reflecting the expanding area planted to WL

711 and Pak 81, the most popular cultivars and those with the highest yields. WL-711

was introduced in 1980 and banned for susceptibility to rust in 1982, but dominated

wheat area in 1986-7. Pak81 has been recommended since its introduction in 1982 until

very recently, and dominated wheat area in the last three years of the data period.

The yield comparisons suggest that farmers may face tradeoffs between expected

yields and risk of losses due to rust, depending on which cu1tivars are available in their

locality, management practices, agronomic and climatic factors. Holding constant the

variation in these factors among farmers and regions, a trade-off in yields between Pak

81 and WL 711, for example, is evident.

The diversity measures and costs of diversity defined above are shown in Table 2.

Diversity measures include weighted, recommended, modified recommended and optimal •

diversity calculations based on various ways of weighting the COP matrix. The costs of

diversity are aggregate yield losses (or gains) associated with shifting from the actual

cultivar portfolio to any the three 'diverse' portfolios.

The first panel shows that, as expected, the recommended, weighted

recommended and optimal measures of diversity are higher in all years than actual

weighted diversity of the cultivars planted in farmers' fields. To the extent that any of

these measures represent a social optimum with respect to cultivar diversity, this fmding

illustrates that the optimal cultivar portfolio when viewed from the farmers' perspective

may be different from the social optimum. It is also important to note that, according to
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the critical range defined above, the years 1980 through 1982 have very low cultivar

diversity.

From 1978 to 1982-1984, viewed from the perspective of the irrigated Punjab •

rather than that of any particular farmer, bread wheat yields might have been the same, or

even slightly higher, had aggregate planting been to a more diverse group of

recommended cultivars. This finding probably relates to (1) continued yield gains over

time in post-Green Revolution bread wheat cultivars (Byerlee 1993); (2) probable

downward bias in the estimated yields of Mexipak and Yecora (mentioned above, which

would affect comparison after they were banned); and (3) an increase in the total number

of cultivars grown by farmers.

From 1982-4 to 1990, aggregate tradeoffs between yields and diversity began to

appear, and to increase over time. This finding seems to primarily reflect the dominance •

of the high-yielding, banned cultivar WL 711 and the high-yielding, recommended

cultivar Pak 81 in wheat area over the period, rather than a more diverse portfolio of

recommended recent releases16
. The mean yield loss associated with increasing diversity,

in years for which these losses occur, range from 60 to 80 kglha, depending on measure

used. Aggregating over the irrigated Punjab and using 1990 procurement prices and

official exchange rates, losses of these magnitudes would imply a total annual loss of

from 28 to 40 million U.S. dollars. These private costs would not include the policy costs

of achieving the recommended portfolio. The unsolved economic problem is whether

discounted social gains from preventing future large losses due to disease would be

16None of the cultivars released since WL 711 and Pak 81 have higher yields.
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greater than the discounted stream of private costs and the costs of policy

implementation.

Summary

The relationship between yield potential and rust-susceptibility of wheat cultivars

is complex. The yield comparisons and measures presented here suggest that in the

Punjab of Pakistan, farmers may face a trade-off between expected yield differentials and

expected yield losses from rust in the choice of wheat cultivars. Estimates of aggregate

yields losses that could be incurred by switching to a cultivar portfolio that represents

greater "latent diversity" indicates the potential for substantial private costs associated

with increasing diversity. The costs of the policy interventions required to achieve

greater "latent diversity" have not been added to the calculations. These findings raise

again the questions of how best to define the "optimal rate of varietal turnover" and the

"optimal latent diversity" of cultivars in farmers' fields, from a social versus a private

perspective. Additional work is required with this and similar data sets to investigate the

sensitivity of results to the probability distribution for rust diseases and to discount rates.

Further work on how a social welfare function for "optimal latent diversity" might be

specified, and on the appropriate social choice criterion, is needed (see Brown and

Goldstein 1984; Randall 1986).

In the current debate over the relationship of scientific plant breeding to the

genetic diversity of crop plants, and in the general discussion of biodiversity, sources of

value other than today's direct and indirect use in economic production are invoked.

These include option value (future use value), and non-use values such as aesthetic, ritual,
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and/or what can be tenned existence value (Randall and Stoll 1983). When attaining the

socially desirable level of diversity (however defined) entails private costs, such as in the

case of trade-offs between short-tenn expected yields and latent diversity of a crop plant,

fanners must be asked to sacrifice today's yield for the possibility of tomorrow's genetic

windfall gain. To do so would require policy interventions that either modify fanners

short-term returns through a compensation mechanism or alter perceived discount rates

(see, for example, Swanson 1994).
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0.71 0.71 0.72

0.70 0.70 0.13

0.74 0.74 0.75

Costs of D1v«sny

(rntIha)

0."
0.72

0.13

0.75

0.17

0.75

0.71

0.7'

0••

0.71

0.71

0.13

0.83

0.71

0.70

0.72

0.11

0.70

0."
0.71

_eo- yleId loa, cMnge from __ to 'cIv_' vartetsl pantollo

rec_dad cIv«slty 0.004 0.003 -0.011 -0.033

moclfted recomnwncled clv«sIty 0.004 0.002 ·0.018 -0.037

opIImIII ~sIty -0.001 -0.01' -0.028 -0.05'

-0.032

-0.014

-0.077

-0.008

0.00'

-0.053

-0.007

0.008

-0.04'

0.04'

O.OM

0.021

0.073

0.011

0.047

o.oN

0.087

0.015

0.104

0.011

0.105

0.117

0.120

0.147

•
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I

0.070

0.057

0.082

av«aae yield loss par 1 percentI_IncIv«slty

rec_dad cIv«sIty 0.000 0.000

mocn.d _nwncIed cIv«sIIy 0.000 0.000

oplImaI dIwnIty -0.000 -0.001

-0.000

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.003

-0.000

0.001

-0.003

-0.001

0.001

-0.004

0.001

0.010

0.003

0.017

0.017

0.001

0.010

0.010

0.001

0.017

0.015

O.01a

0.013

0.011

0.011

0.015

0.014

0.014

•
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I

0.010

0.001

0.001

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