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I= Preface 

This publication is the first in a new series of reports that document specific 
CIMMYT research effbrts. This series is directed toward technical audiences, and 
each publication synthesizes the results of research that has usually occurred over 
an extended period. Although this series will normally feature the research of 
CIMMYT staff alone, collaborative research is sometinmes reported. Such is the case 
with this Report, which describes work done by Dr. Paul Heisey and Dr. Derek 
Byerlee in conjunction with colleagues in Pakistan. Their investigation focused on 
slow wheat varietal replacement and related problems that have gradually increased 
the risk of serious rust epidemics in Pakistan. 

The issues analyzed here initially came to the attention of researchers when they 
began to conduct diagnostic surveys of the farming systems of Pakistan. Special 
follow-up surveys to understand the problem of slow varietal replacement recorded, 
for the first time, data on the sources of the seed that farmers grew, on how farmers 
gained access to sources of seed, and on how they managed wheat seed once they 
obtained it.. Additional surveys identified which varieties farmers actually planted 
and explored farmers' motives for changing varieties. Part of the analysis of the 
survey results required that researchers develop a model for determining optimum 
rates of varietal replacement. This analysis of the informal seed system was 
complenimted by a study of the formal system for breeding, producing, and 
distributing seed in the Punjab and North West Frontier Province. 

This report moves from the interpretation of survey results to an exploration of 
numerous organizational issues impinging on efforts to improve rates of varietal 
replacement. By showing just how the processes of breeding, seed production, seed 
distribution, information transfer, and adoption of new varieties function in 
Pakistan, and by indicating how more appropriate policies could make these 
processes more efficient, the authors reveal both the complexity and urgency of the 
varietal replacement problem. It is anticipated that this study, whose methods and 
results are relevant beyond the.borders of Pakistan, will enhance the ability of 
developing world research, seed, and extension systems, as well as farmers, to 
translate the gains achieved in plant brooding research into the economic benefits 
associated with more efficient and more stable crop production. 

D.L. Winkelmann 
Director General 
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L__ Executive Summary 

In wheat growing areas, slow replacement of older varieties with newer ones in 
formers' fields delays the transfer of benefits from breeding research to farmers and 
heighteim the risk of disease epidemics, especially when the diversity of varieties in 
an area is limited. Determining the optimal time period in which farmers should 
replace older varieties and understanding which factors in the seed system may 
impede rapid varietal replacement are vital to bringing the gains of breeding 
research to farmers' fields. 

During the post-Green Revolution period, yield gains attained in wheat through 
genetic improvement have been about 0.7 5 7 per year, although there is a certain 
variability around trend. At this rate of yield gain it will pay farmers to change 
varieties every Four years, giver, reasonable assumptions about current levels of 
many of the parameters influencing their choices. Differences in microenvironments, 
different lengths of time between periods of actual yield gains, and fluctuations in 
observable rust losses mean that in some cases the desired period for farmers to 
change varieties could be longer. 

In Pakistan since the Green Revolution in wheat, varietal replacement has been slow 
compared to areas with similar ecological circumstances, such as the Punjab of India 
and northwestern Mexico. Furthermore, wide areas in Pakistan are often dominated 
by a single variety and diversity occurs only during the transition from one dominant 
variety to another. In the Punjab from 1977 to 1986, the proportion of wheat area 
planted to varieties that are no longer recommended because of rust susceptibility 
averaged over 40%2, and fiom 1982 to 1986 the area planted to varieties with leaf rust 
ratings of 50S or higher was nearly 60%' of the total area. Apart from the losses that 
could be caused by an epidemic, annual losses in yield to rust are also serious. They 
are not widely reported but may add up to a substantial annual loss. 

To examine the dynamics of the varietal replacement problem in Pakistan, four 
complementary studies were designed to analyze the wheat varietal and seed system 
from the breeding of new lines to adoption by farmers. The studies focus on the 
Punjab, which contains 711/ of Pakistan's total wheat area and 75 c/ of all the 
irrigated wheat area in Pakistan, because relatively more data are available and the 
seed system is most developed. Both the methods and results of this research should 
be useful to researchers outside of Pakistan who are seeking a framework for 
analyzing the interrelated problems of slow varietal replacement, limited varietal 
diversity, and ineffective seed systems. 

The first study examines the problem of slow varietal replacement from the 
perspective of the research system. It considers measures of varietal replacement 
and spatial diversification and applies them to the Punjab. These measures are used 
to investigate whether there is an optimal rate of varietal replacement and to assess 
the level of disease exposure. Other measures for assessing the progress of a wheat 



breeding program are also presented, including the rate of release of new varieties 
and the rate of yield gain over time attributable to the development of new varieties. 
It appears that in the Punjab varietal replacement has been much slower than a 
reasonable target-once every five or six years-and the area planted to rust 
susceptible varieties has been unacceptably high (over 50'; of the Punjab's wheat 
area in the first half of the 1980s). 

The second study assesses problems in obtaining basic data on the area covered by
different varieties. Since varietal monitoring competes with many other agricultural 
data collection needs, any large scale estimation of varietal coverage is likely to be a 
byproduct of surveys designed for other purposes. Physical identification of varietic, 
by skilled personnel is quite expensive, so usually identification depends on the 
statements of firmers, who may not always know varietal names or may identify
cultivars incorrectly. Cluster sampling designs tend to create large standard errors 
in estimates of varietal coverage because variances within the primary sampling
units (e.g. villages) tend to be lower than variances across the primary units. 

The third study concentrates on seed multiplication and marketing by the Punjab
Seed Corporation )PSC . Data are presented on past, and current seed production and 
the present seed marketing network in the Punjab. The PSC has effected a clear 
increase in production capacity for wheat seed in the Punjab. In the late 1960s and 
early 1970s, before the PSC was established, on average only a little more than 
16,000 t of seed were sold each year. In the five years after it was established, the 
PSC raised production from 4,000 to 44,000 t, wl-re it has remained since. Even in 
North West Frontier Province (NWFP), where there is no specialized seed production
industry, the ability to produce wheat seed has advanced: the Agricultural 
Development Authority (ADA) in NWFP procures 3,000-4,000 t/yr. Formerly much of' 
this seed came from the Punjab; in 1986/87 all ofit came friom NWFP. 

Major problems remain in planning seed production and in promoting and marketing
seed. The early stages of seed multiplication could be speeded up, but the seed 
authorities cannot be sure which varieties to multiply. Production is not expanded
because the PSC cannot sell the additional seed that is procured. The goal for 
marketing wheat seed appears to be to supply pure certified seed to farmers, rather 
than to facilitate the rapid replacement of varieties. The evidence suggests that 
farmers use the formal seed system more to change varieties than to get new seed of 
varieties they already grow. Nevertheless, an active seed network, closely linked 
with both agricultural research and extension, is a prerequisite for more rapid 
vaiietal replacement in the post-Green Revolution period. 

The commission paid to private dealers for handling seed is much less than for 
fertilizer, an input in greater and more regular demand. Hence seed is the input
whose distribution at the farm level is still largely handled by the public sector. Very
little effort is mad2 by the seed industry to promote its product. 
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Gieater promotional effort, a wider distribution network, and higher commissions to 
dealers are necessary to spread new seed more rapidly. These changes will probably 
require an increase in seed price. Though higher seed prices will reduce farmers' 
demand for seed in the short term, the net effect could he more rapid varietal 
replacement if higher prices lead to more promotion and a better distribution 
netwark, and so reduce the amount of time before new varieties reach the farmers. 
The Punjab of India has both higher wheat seed prices and faster varietal 
replacement than the Punjab of Pakistan. 

The fourth study concentrates on farimers' perceptions. ,Just one-quarter to one-half 
of farmers sampled in three major cropping systems thought some wheat varieties 
were more disease resistant than others. Only one-quarter or fewer farmers thought 
resistant varieties could lose their resistance. 

Farmers' awareness of new wheat varieties was best explained in the rice-wheat 
zone of the Punjab, where the diflusion of new varieties has proceeded tie farthest. 
In this zone awareness of new wheat varieties is positively influenced by education, 
extension contact, and location in a village where many fields are planted to new 
varieties. Some of these variables, notably education or literacy, as well as village 
factors, are influential in the other surveyed zones, the Punjab cotton-wheat area 
and irrigated Mardan, NWFP. 

In the presence of other variables, farm size usually becomes a less significant 
determinant of varietal awareness or adoption in areas where new varieties have 
spread the Farthest. Smaller farmers will adopt new varieties once they are aware of 
them, but large farmers are more likely to become aware earlier because of their 
higher literacy and better contact with extension and other sources of information. 
One noticeable way in which fa'm size is important in all areas is that large farmers 
are moie likely to plant both old and new varieties rather than to specialize in one or 
the other. Small farmers wvho do adopt a new variety are more likely to plant all 
their wheat area to that variety. 

Yield was by far the most common reason stated by farmers in all three zones for 
changing varieties. Most farmers simply believed that the yield of the new variety 
was superior, although a few farmers related this perceived yield advantage to 
reduced yield in their old varieties because of disease or other factors. In 
multivariate analysis, farmers' perception that new varieties yield better is usually 
the strongest factor influencing adoption. Performance at late planting dates is also 
important, particularly in the cotton zone. 

In the three sampled areas in 1985/86, when all the sampled farmers' wheat fields 
were considered, 50-601 were planted with retained seed. An additional 20-30% 
were planted with seed obtained from neighboring farmers. Farmer-to-farmer 
transfer is clearly a major method of varietal diffusion. Some 45-55% of the farmers 
in all three zones who were planting post-1978 releases initially got seed from other 
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farmers. Of farmers planting new varieties, over 33%/ in the rice-%Veat zone, 50% in 
the cotton-wheat zone, but only 14% in Mardan initially got seed from the depot. 

In all three zones, literacy and extension contact were the two variables most likely 
to be related significantly and positively to correct knowledge of where the seed 
depot was located. Distance from the seed depot may have been related negatively in 
the Punjab to knowledge of the depot's location. In the Punjab, farmers aware of new 
varieties were also more likely to be aware of the seed depot; in NWFP there was no 
relationship, confirming the relative lack of importance of the seed depot in Mardan 
in spreading new varieties. 

Only 40-50.4f of' the farmers in all three zones who used their own seed managed it 
through techniques such as selecting a special field or threshing seed separately
fiom grain. Very f'ew significant relationships existed between farmer characteristics 
and seed management. 

Extension contact was not very important in explaining awareness and adoption of 
new varieties. Varietal demonstrations by the extension sei vice have probably not 
been spread widely enough and have not always been tailored to different 
agroecological circumstances or cropping system constraints. l'he promotional efforts 
of research, the seed industry, and extension have not been wel! coordinated. 

Taken together, the results of all four studies emphasize the inportance of regular
varietal replacement for farmers and fbir the nation of Pakistan. The methods used in 
this research-institutional analysis, analysis of' research data, and farmer 
surveys-offer a means to evaluate the complex relationships between wheat 
breeding, varietal testing, and release; seed production and distribution; extension; 
government policy; and varietal change at the farmer level. Although the conclusions 
presented in this report are specific to a particular crop, place, and time, they may 
also be viewed as hypotheses that in some cases might be applicable in different 
situations, perhaps after modification. 

Future studies to expand knowledge of factors relating to varietal replacement might
develop methods for determining rough objectives fbir the number and genetic 
diversity of varieties to be released by mature plant breeding programs in countries 
with large areas planted to the crop in question. More case studies of seed systems 
with different degrees of success in marketing seed of'different crops would also be 
useful. Such studies do exist; what is needed is to add the perspective of varietal 
replacement to the legal and institutional description they often contain. Additional 
research is also required to verify empirically the relative strengths of the factors 
influencing farmers' demand for replacement seed. Finally, studies of other countries 
and particularly of other crops would sharpen our understanding of the features of 
varietal replacement that are universal and of the changes in assumptions and 
methods necessary to analyze factors more specific to time, place, and particular 
crops. 
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L Resumen 

En las zonas productoras de trigo, la sustituci6n lenta de las variedades mds viejas 
por las nuevas en los campos de los agricultores retrasa ]a transferencia de los 
beneficios de la investigaci6n fitot6cnica a los agricultores e intensifica el riesgo de 
que se presenten epifitias, en especial cuando es limitada ]a diversidad gen6tica de 
las variedades cultivadas en la zona. La determinaci6n del periodo 6ptimo despu6s 
del cual los agricultores deben reemplazar sus variedades y ia comprensi6i de los 
factores del sistema de producci6n de semilla que pueden impedir la r~ipida 
sustituci6n de las variedades son esenciales en la transferencia de los beneficios de 
la investigaci6n a los agricultores. 

En el periodo despuds de la Revoluci6n Verde, los aumentos del rendimiento de trigo 
que se han logrado mediante el mejoramiento gendtico han alcanzado cerca del 0.75% 
anual, aunque existe cierto grado de variabilidad en la tendencia. A ese ritmo de 
aumento, les conviene a los agricultores cambiar las variedades cada cuatro afios, 
con base en suposiciones razonables sobre los niveles actuales de muchos de los 
pardmetros que influyen en sus opciones. Las diferencias en los micro-ambientes, los 
intervalos variables entre los periodos en que se dan los aum.ntos del rendimiento y 
las fluctuaciones en las p6rdidas observables causadas por la roya, sig-nifican que, en 
algunos casos, el periodo mis conveniente para que los agricultores cambien sus 
variedades podria ser m~is largo. 

Desde la Revoluci6n Verde en el Lrigo, el reemplazo de variedades en Pakistan ha 
sido lento en comparaci6n con zonas ecol6gicamente semejantes, como el Punjab de 
]a India y el noroeste de M6xico. Ademds, en grandes extensiones de Pakisttn suele 
dominar una sola variedad, y hay diversidad s6lo durante el periodo de transici6n de 
una variedad dominante a otra. De 1977 a 1986, en el Punjab la proporci6n de la 
superficie de trigo cultivada con variedades que ya no se recomiendan debido a su 
susceptibilidad a las royas, fue en promedio de mds del 40%, y de 1982 a 1986, la 
superficie sembrada con variedades cuya calificaci6n de infecci6n con roya de la hoja 
fue de 50S o mas, constituy6 casi el 60% de ]a superficie total. Aparte de las pdrdidas 
que una epifitia podria causar, son graves las p~rdidas de rendimiento que ]a roya 
provoca cada afio, y aunque no suelen registrarse extensamente, podrian constituir 
una grave pdrdida anual. 

Los cuatro estudios complementarios que se describen en este informe fueron 
disefiados para analizar los problemas del reemplazo de variedades de un cultivo, el 
trigo, en un solo pais, Pakistin. Dichos estudios examinan los sistemas de reposici6n 
de variedades y de producci6n de semilla de trigo, desde que se generan lineas 
nuevas hasta que los agricultores las adoptan. Estas investigaciones se centraron 
principalmente en el Punjab. que abarca el 71% de ]a superficie total cultivada con 
trigo en Pakistdn, y el 75% de toda ]a superficie de trigo irrigada en el pais. Existe 
una cantidad relativamente mayor de datos sobre esta zona, y su sistema de 
producci6n de semilla es el mtis desarrollado. No obstante, tanto los m6todos como 
los resultados de esta investigaci6n serdn titiles para cientificos fuera de Pakistin 
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que buscan un marco de referencia para el anilisis de los problemas 
interrelacionados que surgen de un reenplazo lento de variedades, poca diversidad 
de variedades cultivadas y sistemas de )roducci6n de semilla inelicaces. 

En el primer estudio se examina el problema del reemplazo lento de variedades 
desde el punto de vista ciei sistema de investigacion, v ademnis se consideran las 
formas de medir el reemplazo de variedades y su diversificaci6n temporal y espacial, 
y se aplican al lPunjab. Estas inodiciones se usan para averiguar si existe un ritmo 
6ptimo de reemplazo de variedades y para evaluar el nivel de exposicion a las 
enfermedades. Se presentan tanihidn oltras Inodicionos (quo s( ulSan piara eval ar el 
progreso de un programa de m(ioramiento de trigo, entre ellas, la tasa do 
lanzamiento de nuevas variedades y ia tasa do aunmento( dl rendi miento a lo largo 
del tiempo que puede atribuirse al dsa rrol (1(ICvariCdades nuovas. En el Punjab, la 
sustituci6n de variedades ha sido mucho uins lenta de lo que so considCra razonable 
-cinco o seis afos- y la superficie que so cultiva con variedades suscel)tibl(,s a la roya 
ha sido demasiado extensa (mais del 50'; de la sup)erficie de trigo d(l Punjab en la 
primera mitad del decenio de 1980). 

El segundo estudio evaltia los problomas de obtener datos basicos sobr, la superlicie 
que se siembra con las distintas variedades. ('omo la observacion de las variedades 
que se cultivan compite con muchas otras necesidades de recoleccion de datos, 
cualquier estimacion en gran escala de Ia superficie cultivada suele derivarse de 
encuestas que se realizaron con otros propositos. la identificaci6n flsica de las 
variedades por personal especializaCoI resulta muy costosa v, por tanto, suele hacerse 
con base en le que dicen los agricultores, quienes no sienpre conocen los nombres de 
las variedades y a veces ]as identifican incorrectamente. Los disefios de muestro en 
conglomerados tienden a crear grandes errores estindar en las estinmaciones de la 
superficie sembrada con cada variedad porque la varianza dentro de las unidades 
primarias de muestreo (por ejemplo, las aldeas) tiende a ser menor que la varianza a 
trav6s de esas unidades. 

El tercer estudio se centra en la multiplicaci6n y comercializaci6n de semilla por ]a 
Empresa de Semilla de Pakistin (Punjab Seed Corporation, PSC . Se presentan 
datos sobre Ia producci6n actual y anterior de semilla, asi come) sobre la presente red 
de comercializaci6n de semilla en el Punjab. Es evidente que la PSC ha logrado 
aumentar la capacidad de producir semilla de trigo en el Punjab. A fines de los 60 y 
principios de los 70, antes de que se estableciera Ia PSC, se vendia cada afio un 
promedio de poco mis de 16,000 t de semilla. En los prinieros cinco aims despu6s de 
su creaci6n, la PSC increment6 la producci6n de 4,000 a 44,000 t, y ese nivel se ha 
mantenido desde entonces. Incluso en la Provincia de la Frontera del Noroeste 
(North West Frontier Province, NWFP, donde no existe una industria especializada 
de producci6n de semilla, la capacidad de producir semilla ha aumentado, pues la 
Autoridad de Desarrollo Agricola en la NWFP adquiere entre 3,000 y 4,000 tlafo. 
Anteriormente, la mayor parte de Ia semilla provenia del Punjab; en 1986/87, casi 
toda procedi6 de la NWFP. 
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Siguen existiendo problemas en ]a planificaci6n de ]a producci6n de semilla y la 
promoci6n y comercia'izaci6n de la misma. Quizd fuira posible acelerar las primeras 
etapas de la multiplicaci6n, pero las autoridades no estfin seguras cudles variedades 
deben multiplicarse. La produccion no aumenta porque la PSC no puede vender el 
excedente de semilla quo se produce. El objetivo de la comercializaci6n de semilla 
parece ser suministrar semilla pura y certificada al agricultor, no facilitar ]a 
sustituci6n ripida de variedades. Las pruebas sugieren que los agricultores utilizan 
el sistena formal de semilla mas para cambiar sus variedades que para obtener 
semilla nueva de las variedades que ya cultivan. No obstante, so requeriria un 
sistema activo de producci6n de semilla que tuviera nexos cercanos con la 
investigaci6n y la extensi6n para lograr una reposicion mros ripida de variedades en 
el periodo posterior a la Revoluci6n Verde. 

La comisi6n que reciben los distribuidores privados por el manejo de la semilla es 
mucho menor que la que se les paga por vender fortilizante, un insumo que tiene una 
demanda mayor y mis regular. Por tanto, la semilla es un insumo cuya distribuci6n 
a nivel de fincas todavia es efectuada por el sector pfiblico. La industria privada hace 
muy poco esfuerzo para pronmover su producto. 

Para difundir la semilla nueva mis rapidamente, son necesarios un mayor esfuerzo 
promocional, una red de distribuci6n m~is extensa y una comisi6n mas elevada para 
los distribuidores. Estos cambios probablemente requerir-An que se incremente el 
precio de la semilla. Aunque un precio mros alto reduciri a corto plazo Ia demanda de 
semilla entre los agricultores, el efocto nero podria ser un reemplazo do variedades 
mis ripido, siempre que los precios mis altos condujeran a una mayor prunmoci6n, a 
una mejor red de distribuci6n y, por tanto, a una reducci6n del tiempo necesario para 
que las nuevas variedades lleguen a] agricultor. En el Punjab de la India, los precios 
del trigo son mayores y hay un reemplazo de variedades mds acelerado que en el 
Punjab de Pakistin. 

El cuarto estudio examina las percepciones de los agricultores. S61o una tercera o 
cuarta parte de los agricultores encuestados en los tres principales sistemas de 
cultivo opinaron quo algunas variedades eran mds resistentes a las enfermedades 
que otras, y s6lo una cuarta parte o menos pensaba quo las variedades podian perder 
su resistencia. 

La raz6n de que los agricultores conocieran las nuevas variedades fue mAs clara en la 
zona del Punjab donde se cultiva arroz y trigo, y donde la difusi6n de las nuevas 
variedades ha sido extensa. En esta zona, el conocimiento de las nuevas variedades 
se ve influido por el nivel de educaci6n, el contacto con los servicios de extensi6n y el 
hecho de vivir en una aldea donde muchas parcelas se siembran con estas 
variedades. Algunas de estas variable3, en especial el nivel de educaci6n o 
escolaridad y los factores relacionados con Ia aldea, tambi~n tiene.i influencia en 
otras zonas encuestadas, como ]a zona productora de algod6n y trigo del Punjab y ]a 
regi6n irrigada de Mardan, NWFP. 



Frente a otras variables, el tamafo de Ia finca suele ser una determinante menor, 
importante del conociniento o adopcion de variedades en aquellos :ugares donde las 
nuevas variedades se ban extendido mis. El pequefio agricultor adoptari las 
variedades nuevas una \'ez que las conoce, pero los grandes agricultores son los que 
suelen enterarse primero, por su mayor nivel de escolaridad y su contacto mis 
asidUO con InextCeosin \ otras fuentes de informaci6n. El tamafno de Ia finca es 
importante en tocdas las zonas en el sentido de que his grandes productores tienden a 
sembrar tanto variedades vijas como nuevas, sin especializarse en ninguna. Los 
peque6os agricultores que adoptan una nueva variedad por lo general cultivan con 
ella todas las ti 'rasquc ddican al trigO. 

La razon n1is coIn n (IuIe dieron los agricul[ ors en las tres zonas de cambiar 
variedades to,, el rndimient o. 1,;. mavoria de ellos creia que el rendimi2nto de las 
nuevas vari(edades el'-nup),ior, j)eSe a qu( unos cuantos percibieron que este 
aurnento de rendimiento sobre los r fodimientos reducidos de sus antiguas 
variedades tenia que v\'r con I rvcistenci'i a las enformedades y otros factores. En el 
anilisis multivariado, por lo general el factor que mais inluye en la adopci6n es ]a 
percepCion dC los agicu ltores de que las nuevas variedades rinden mi-s, aunque 
tanbi6n es imtportante st, comportamiento cuando se usan ftchas de siembre tardias, 
sobre todo en Ia zoa algodoi era. 

En las tres zonaas encuestadas en 1985/86, el 50 6 6(0( de todos los campos de los 
agricultores encuestados se stiobraron con semilla reser'vada de la cosecha anterior. 
Otro 20 6 :30'e se cultivi6 con semilla obtenida de agricultores vecinos. Es evidente 
que li transferencia de agricultor a agricultor constituye Ln medio importante de 
difusion. En las tres zonas, entre el 45 y 55'; de los agricultores que sembraban 
variedades lanzadas despu~s 1978 habian conseguido inicialmente semilla de otros 
agricultores. De los productores quo sembraban variedades nuevas, obtuvieron 
inicialh ,nte sernilla del dep6sito mis del 331;; en la zona productora de arroz y trigo, 
pero s6lo el 14';i de los que viven en Mardan. 

En las tres zonas, la escolaridad y el contacto con los servicios de extensi6n fueron 
las dos variables que mis sc relacionaron en forma rositiva y significativa con el 
conocimiento correct, de d6nde se localizaba el dep6sito de semil!a. Es posible que en 
el Punjab la distancia del dep6sito estuviera negativamente relacionada con el 
conocimiento de ddnde se encuentra 6ste. En el Punjab, los agricultores quo conocian 
las variedades. nuevas tambin eran los que probablemente sabian d6nde quedaba el 
dep6sito; en Mardan no hubo tal relaci6n, lo cual confirma la falta relativa do 
importancia del dep6sito de semilla on la difusi6n de las variedades nuevas. 

En las tres zonas, s6lo el 40 6 50% de los agricultores que siembran su propia semilla 
utilizan t6cnicas como la selecci6n de una parcela especial o la trilla por separado de 
la semilla y el grano. Hubo muy pocas relaciones significativas entre las 
caracteristicas del agricultor y el manejo de la semilla. 



El contacto con los servicios de extensi6n no fue una causa nuy importante del 
conocimiento y adopci6n de las variedades nuevas. Las demostraciones de las 
variedades por los servicios de extensi6n quizd no se han difundido lo suficiente y 
ademis no siempre se han adecuado a las distintas circunstancias agrecol6gicas o 
factores adversos de los sisternas de cultivo. Por otra parte, no se han coordinado 
bien los esfuerzos de promoci6n de la investigaci6n, la industria semillera y los 
servicios de extension. 

En conjunto, los resultados de los cuatro estudios realzan la importancia que tiene el 
reemplazo regular de variedades para los agricultores y para todo Pakistdn. Los 
m6todos que se usaron en esta investigaci6n -anilisis institucional, anflisis de los 
datos de ]a investigacidn y encuestas entre los agricultores- ofrecen un medio de 
evaluar las complejas relaciones entre el fitomejoramiento de trigo, la verificacion y 
el lanzamiento de las variedades, la producciOn y distribuci6n de semillas, la 
extensi6n, las politicas gubernamentales y los cambios de variedades que hacen los 
productores. Si bien las conclusiones que se presentan en este informe son 
especificamente de un cultivo, un lugar y un periodo determinados, se les puede 
considerar tambien Limo hipotesis que se podrian aplicar en distintas situaciones, 
quizi con alguna modificacidn. 

En el futuro, en los estudios realizados para ampliar el conocimiento de los factores 
que afictan el reemplazo de las variedades, se podrian crear m6todos para establecer 
el niimero aproximado de variedades que serin lanzadas por los programas 
fitot~cnicos mAs avanzados de paises con g-randes zonas productoras del cultivo en 
cuesti6n, y la diversidad genetica que esas variedades deberin poseer. Asimismo, 
seria muy 6itil un mayor ninero de estudios de los sistemas de semilla que han 
logrado cierto nivel de eficacia en comercializar semillas de distintos cultivos. De 
hecho, existe ya este tipo de estudios; lo que habria que hacer es agregar la 
perspectiva del reemplazo de variedades a la descripci6n legal e institucional que a 
menudo contienen. Tambi(n es necesario realizar mds investigaciones para verificar 
empiricamente el efecto relativo de los fhctores que infiuyen en la demanda de 
semilla para reemplazar variedades por parte de los agricultores. Por tiltimo, 
estudios de otros parses y en especial, de otros cultivos, mejorarian nuestro 
entendimiento de los aspectos del reernplazo de variedades que son universales, y de 
los cambios en las suposiciones y m6todos que son necesarios para analizar factores 
mds especificos respecto al tiempo, al lugar y a determinados cultivos. 
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!IR sume 

En raison nlmnle de ]a lenteur avec laquelle s'effectue dans les exploitations agricoles 
des contries productrices de bl( Ia substitution des plus anciennes variitis par de 
nouvelles, les agriculteurs ne })e!nficient qu'avec retard des r(sultats de ]a recherche 
en phytotechnie et sont, de plus, exposes au risque de voir se presenter des 6pidimies, 
notamment quand la diversit6 gin6tique des variit6s cultivees dans la region est 
limite. Pour que les agriculteurs puissent effectivement profiter des r6sultats de la 
recherche, il thut avant tout d(terminer Ia periode optimale pour le remplacement 
des varift(s qu'ils cultivent et bien connaitre les facteurs du systbme de production 
de la semence susceptibles de faire obstacle h une rapide substitution des variftis. 

A la suite de Ia Re6volution Verte, les augmentations de rendement en b16 obtenues h 
la faveur de l'amelioration g-netique ont 6t, de prbs de 0, 7 5 17 par an, encore que cette 
tendance n'ait pas &t&uniforme partout. Une telle augmentation sugg re qu'il est de 
l'inter6t des agriculteurs de changer de varidtis tous les quatre ans, sur la base de 
suppositions rainsonnal)les quant aux niveaux actuels de nombreux pararntres qui 
influencent leurs decisions. Les diff~rences de microenvironnement, ]a variabilit6 des 
intervalles entre les priodes de meilleur rendement et les fluctuations des pertes 
occasionnees par !a rouille font que, dans certains cas, les agriculteurs devront 
prolonger ]a periode pr&cddant le changement des variftds. 

Depuis ]a R11volution Verte In substitution de varidt s de bW6 au Pakistan s'est op6r6e
 
plus lentement que dans d'autres zones dont les conditions ecologiques sont
 
analogues, telles le Punjab indien et le nord-ouest du Mexique. De plus, une seule 
variit,6 est gin6ralement cultiv~e au Pakistan sur de grandes 6tendues et il n'y a de 
diversit6 que dans la piriode de transition d'une varit6 dominante Aune autre. En ce 
qui concerne le Punjab, de 1977 h 1986, ]a culture de varifts de bl - qui ne sont 
d'ailleurs plus conseill~s parce que susceptibles aux diverses rouilles - occupait en 
moyenne plus de 40; des terres; de 1982 h 1986 la superficie ensemencde en vari6t6s 
pour lesquelles le taux d'incidence de la rouille de la feuille 6tait de 50S ou plus 
repr6sentait pres de 60; de la totalit, des terres cultiv(es. Sans parler des pertes 
que peut provoquer toute 6pid6mie, les pertes de rendement occasionnees chaque 
annie par la rouille sont consid6rables et, bien que relativement limit(es, elles 
pourraient donner lieu Ade lourdes pertes annuelles. 

Les quatre 6tudes complimentaires dont on trouvera ici le compte rendu ont pour 
objet I'analyse des problimes associis au remplacement de variitis dans la culture 
du bW6 dans un seul pays, le Pakistan. Les systbmes de substitution de vari6t6s et de 
production de semence y sont examines, depuis lobtention de nouvelles lignies 
jusqu'h l'adoption de cs dernii~res par las agriculteurs. Les recherches ont 6t6 
principalement centr~es sur le Punjab dont les cultures de bW couvrent 7V de la 
superficie totale des terres ensemenc6es en bW au Pakistan et 75'7 des terres de bl 
irriguies du pays. Les informations concernant cette zone sont relativement plus 
abondantes et le syst~me de production de semence y est plus divelopp6. N6anmoins, 
les m6thodes et risultats de cette recherche pourront 6tre utiles aux chercheurs qui, 
en dehors du Pakistan m me, ont besoin d'un cadre de r6f6rence pour I'6tude de 
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probl~mes qui peuvent se pr6senter en liaison avec une lente substitution de 
vari6tds, une fbible diversit6 des vari6t6s cultiv6es et des syst~mes de production de 
semence d6ficients. 

La premibre 6tude est consacr6e au problbme de Ia substitution tardive de vari6t6s 
du point de vue du systbme de recherche; de plus, les diverses manires de mesurer 
le remplacement de vari6t6s et leur- diversification dans le temps et dans l'espace, 
appliques au Punjab, y sont exposces. Ces inthodes de mesure servent A 
d6terminer si ilexiste un rythme optimal pour la substitution de vari6tWs et A 
6valuer le degr6 de vuln6rabilit, de ces dernibres aux maladies. D'autres types de 
mesures sont 6galement proposes pour 6valuer 'avance d'un programme 
d'am6lioration du ble, tels le taux de lancement de nouvelles vari6tes et le taux 
d'augmnentation du rendement pendant la p~riode requise pour que se d6veloppent de 
nouvelles vari6t6s. Au Punjab, la substitution de varits a 6t& beaucoup plus lente 
qu'ont pouvait raisonnablement P'esp~rer - de 5 ou 6 ans - et la culture de vari6t& 
sensibles Ala rouille s'est 6tendue sur une trbs grande superficie (plus de 50'. des 
terres Ab6 du Punjab pendant les premires anndes 80). 

La deuxii me 6tude traite des problbmes que pose l'obtention de donndes relatives I 
la superficie des terres ensemencdes avec diverses varit6s.L'observation des 
vari6tes cultivdes coincide souvent avec Ia n6cessit6 de recueillir d'autres types de 
donn6es, de sorte que toute estimation globale de ]i superficie cultive provient 
souvent d'enqubtes men6es dans une toute autre perspective. L'identification de visu 
des vari6t6s cultiv6es par un personnel sp6cialis6 6tant fort on6reuse, il faut se tier 
g6ndralement aux dires des agriculteurs, lesquels ne connaissent pas toujours les 
noms des vari6t6s et parfois ne les identifient pas correctement. Les 
6chantillonnages issus d'ensembles de cultures peuvent induire une grande erreur 
standard dans l'estimation de la superficie cultiv6e avec chaque varift6, du fait que 
la variance dans les unitds primaires d'&hantillonnage (les villages, par exemple) 
tend A6tre inf6rieure Ala variance globale de ces unites. 

La troisidme 6tude porte sur la multiplication et la commercialisation des semences 
par la soci6t6 de production de semence au Pakistan (Punjab Seed Corporation, 
PSC). Les chiffres correspondant h la production ant6rieure et A la production 
actuelle sont pr6sent6, ainsi que les donn6es relatives au r6seau de 
commercialisation des semences au Punjab. De toute 6vidence la PSC a 6lev6 ]a 
production de semence de bl6 au Punjab. A ]a fin des ann6es 1960 et durant les 
premi6res ann6es 1970, avant que soit cr66e la PSC, les ventes annuelles de 
semences d6passaient Aipeine 16 000 tonnes en moyenne. Au cours des cinq 
premiires ann6es d'activit6, Ia PSC a port6 la production de 4 000 A44 000 tonnes et 
l'a maintenue Acc niveau, y compris dans la Province de la Frontibre du Nord-Ouest 
(Northwest Frontier Province, NWFP) ou iln'existe pas d'industrie sp6cialis6e dans 
la production de semences, la capacit6 de production a augment6 et l'Autorit6 de 
d6veloppement agricole de la NWFP acquiert 3 000 Ai4 000 tonnes par an. 
Auparavant, la majeure partie de la semence provenait du Punjab, mais d6s 1986/87 
elle a 6c6 fournie presque en totalit6 par la NWFP. 



Des problemes importants subsistent dans la planification de la production de Ia 
semence, de m~me que dans la promotion et ]a commercialisation. Peut-6tre serait-il 
possible de faciliter les premiires 6tapes de ]a multiplication, mais les autoritds ne 
savent pas exactement quelles sont les vari6t6s qu'il serait bon de multiplier. La 
production n'augmente pas parce que la PSC ne peut vendre l'exc6dent de sa 
production. Fournir A l'agriculteur une semence pure et dCiment certifie semble 6tre 
le premier objectif en matire de commercialisation et non faciliter la substitution 
rapide de varit6s. Apparemment les agriculteurs ont plus recours au syst~me 
officiel pour changer de varit5 que pour obtenir de nouvelles semences de vari~t6s 
qu'ils cultivent d6jh. Ndanmoins, un systbme de production de semence travaillant 
en 6troite liaison avec les centres de recherche et les services de vulgarisation serait 
Fort utile pour activer la substitution de vari6tds dans Ia periode suivant la 
Revolution Verte. 

La commission que peroivent les distributeurs priv~s dans le cadre de la 
commercialisation de semence est trbs inf6rieure Acelle qui leur est accord~e pour Ia 
vente d'eng-rais, produit qui fait I'objet d'une demande plus important et plus 
r6gulibre. De ce fait, la distribution de semence au niveau des exploitations agricoles 
est effectuce par le secteur public. L'industrie priv6e, pour sa part, ne fhit pas grand 
eflort pour promouvoir sa production. 

La diffusion plus rapide de semence nouvelle requiert une plus grande activitC6 
promotionnelle, un r6seau de distribution plus ,tendu et I'octroi d'une commission 
plus 6levde aux distributeurs. Sans doute ces modifications donneront-elles lieu A 
une majoration du prix de la semence laquelle, Acourt terme, motivera la r6duction 
de la demande de la part des agriculteurs mais pourra, n~anmoins, avoir pour effet 
I'acc6lkration du remplacement de varift6s, si toutefois cette hausse des prix favorise 
la promotion et l'extension du r6seau de distribution, d'ou une rdduction du temps 
n6cessaire pour que les nouvelles varitts soient mises Ala disposition des 
agriculteurs. Au Punjab indien les prix du bW( sont plus 6Iev6s et la substitution de 
varidtds plus rapide qu'au Punjab pakistanais. 

Le point de vue des agriculteurs fait l'objet de la quatrime C6tude. Un tiers ou un 
quart seulement des agriculteurs aupres desquels ont eu lieu les enqu~tes dans les 
trois principaux systemes de culture consid~raient que certaines vari~t6s 6taient 
plus r(sistantes que d'autres aux maladies, et un quart d'entre eux - peut-6tre m~me 
moins - pensait que !es varit6s pouvaient perdre leur r(sistance. 

Les agriculteurs du Punjab dans la zone de culture de riz et de blW 6taient plus 
inform6s des nouvelles vari6t6s parce que ces dernibres y ont fait l'objet d'une plus 
large diffusion. Le niveau d'instruction des agriculteurs dans cette zone, leur contact 
avec les agents de vulgarisation et le fait de vivre dans une agglomeration oil ces 
vari(t~s sont cultiv~es dans de nombreux champs, sont autant de facteurs qui ont 
favoris6 la connaissance des varifts par ces agriculteurs. Certaines de ces variables, 
le niveau d'instruction ou de scolarit6 notamment, ainsi que certaines condition dans 
les villages oii vivent les agriculteurs, exercent 6galement une influence dans 
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d'autres zones ainsi que F'ont rdv6le les enquftes effectu6es dans la zone de culture 
de coton et de bWd du Punjab et la r6gion irrigu6e de Mardan, NWFP. 

Compar~e A d'autres variables, la taille de 1'exploitation agricole ne semble pas jouer 
un r6le ddterminant en ce qui concerne la connaissance ou I'adoption de nouvelles 
varidt6s clans les zone oil celles-ci se sont repandues. Le petit cultivateur n'adopte de 
nouvelles varidks que s'il les connait, mais les grands agriculteurs en sont informds 
les premiers et ce pour trois raisons: leur degr d'instruction plus MIev6, leurs 
contacts plus frequents avec les services de vulgarisation, enfin les autreL sources 
d'infbrmation auxquelles ils ont acces. Mais, dans toutes les zones, les dimensions de 
l'exploitation agricole Sont importantes du fait que les grands producteurs ont 
tendance Acultiver aussi bien les varitds anciennes que les nouvelles, sans 
distinction, alors que les petits agriculteurs qui adoptent une nouvelle varitd la 
cultivent sur toutes les terres qu'ils destinent A la production de W. 

Le rendement a et6 la raison la plus gendralenient donnde pour changer de vari~t6 
par les agriculteurs des trois zones. La l)lupart d'entre eux pensait que le rendement 
des nouvelles varik6s etait supCrieur aux rendements insuflisants des varift~s qu'ils 
cultivaient jusqu'alors; mais pour certains cette augmentation du rendement n'6tait 
pas sans rapport avec la resistance au: maladies et d'autres facteurs. L'analyse de 
tous les aspects envisags fait apparaitre que le facteur qui determine le plus 
gendralement I'adoption d'une nouvelle variCt6 reside dans le fait que les 
agriculteurs pensent que les nouvelles varites ont un meille'ir rendement bien que, 
dans les zones de culture de coton surtout, leur comportement est important quand 
les dates de semis sont tardives. 

Dans les trois zones ohI ont eu lieu les enqutes en 1985/86, 50 h 601,' des champs des 
agriculteurs consultes 6taient ensemences en graines provenant de ]a r6colte 
ant6rieure et riservdes Acet usage; 20 A301,4 etaient ensemencds en graines 
obtenues d'agriculteurs voisins. De toute 6vidence, le transtert de semence entre 
voisin:. constitue un important moyen de diffusion. Dans les trois zones, 45 A55% des 
agriculteurs qui semaient des variftds lancdes aprbs 1978 se les 6taient procur6es 
auprbs d'autres agriculteurs. Plus de 331, des agr'iculteurs de la zone de production 
de b6 et de riz avaient obtenu les premidres semences du dp6t officiel, mais cette 
proportion n'etait que de 141' parmi les agriculteurs de Mardan. 

Dans les trois zones, le degr6 d'instruction des agricuiteurs et leurs relations avec les 
services de vulgarisation ont Ct6 les deux variables les plus 6troitement et 
positivement li6es au fait que les agriculteurs savaient oil se trouvait le d6pdt de 
semence. Il est possible qu'au Punjab I'Moignement du d6p6t ait eu une relation 
n6gative avec la connaissance de son emplacement exact. Ceux des agriculteurs du 
Punjab qui connaissaient les vari6t6s nouvelles 6taient 6galement ceux qui savaient 
oui se trouvait le d(!p6t. II n'en est pas de mnme a Mardan, ce qui prouve l'importance 
relative du d6p6t dans la diffusion de vari6t.s nouvelles. 
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Dans ces trois zones, 40 A 50% seulement des agriculteurs qui utilisent leur propre 
semence emploient des techniques telles le choix d'une parcelle sp6ciale ou le bettage 
s6par6 de la semence et du grain. On n'a observ6 que tr~s peu de relations 
significatives entre les caract6ristiques de l'agriculteur et la favon dont il gore ses 
semences. 

Les contacts 6tablis avec !es services de vulgarisation n'ont pasjou6 un role trbs 
important dans la connaissance des vari6t6s nouvelles et leur adoption par les 
agriculteurs. Les d6monstrations dont ont 6t6 lobiet les vari6t6s nouvelles de la part 
des serices de vulgarisation n'ont peut-ftre pas t6 assez largement diffus6es et 
n'ont pas toujours 6t6 adaptees aux conditions agr-o-ecologiques des systbmes de 
culture ni n'ont tenu compte de contraints de culture. II n'y a pas eu de bonne 
coardination entre les efforts de promotion de la recherche, l'industrie de production 
d semence et les services de vuigarisation. 

Dans l'ensemble, la conclusion a tirer de ces quatre etudes est que le remplacement 
progressif de vari6t~s est important non seulement pour les agriculteurs, mais pour 
to)ut le Pakistan. Les m~thodes appliqu6es dans cette recherche - analyse 
institutionnelle, analyse des donnees de Ia recherche et enqutes aupres des 
agriculteurs - offrent le moven d'6valuer les relations complexes qui existent entre la 
recherche visant amrlirer Ia qualit6 et le rendement du bW d'une part et, d'autre 
part le controle et le lancement de varik6s, la production et la distribution de 
semences, la vulgarisation. les politiques officielles et les changements de vari6t6s 
par les agriculteurs. Bien que les conclusions pr6sentes ici se r6fierent 
sp6cifiquement A une region, une culture et une p6riode determinee, elles peuvent 
6tre consid6r6es comme autant d'hypotheses valables - non sans quelque 
modification peut-6tre - dans d'autres situations. 

Dans les 6tudes effectu6es h l'avenir en vue de faire conaitre mieux les facteurs qui 
entravent la substitution de vari6t~s, des m6thodes pourraient 6tre propos6es pour 
6tablir le nombre appro,:imatif des vari6t6s issues des programmes d'am6lioration 
les plus avanc6s de pays producteurs ofi les cultures de b16 couvrent de grandes 
surfaces, ainsi que la div-rsite gn6tique que devraient presenter ces vari6t6s. De 
m6me, il serait fort utile de mener de plus nombreuses 6tudes sur les systbmes de 
production de semence qui ont prouve une certaine efficacit6 dans la 
commercialisation de semence de diverses cultures. En fait, ce type d'6tudes existe 
d6jA, mais il serait souhaitable qu'elles ne soient pas limitdes A la description 16gale 
et institutionnelle qu'elles contiennent le plus souvent et qu'elles soient con~ues dans 
la perspective du remplacement de vari6t6s. II serait 6galoment n6cessaire de 
proc6der Ades recherches qui auraient pour objet de v6rifier de fa~on empirique 
l'influence des facteurs qui interviennent dans la demande de semence des 
agriculteurs d~sireux de remplacer certaines variet~s. Enfin, des 6tudes 6manant 
d'autres pays et portant sur r'autres cultures nous permettraient de mieux connaitre 
les aspects universels de cette substitution de vari6tis et les changements Aapporter 
tant aux suppositions qu'aux m~thodes ndcessaires pour analyser des facteurs plus 
sp6cifiques en ce qui concerne le temps, le lieu et des cultures d6termin6es. 
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Chapter I 
Introduction 

Paul W. Heisey 

The speed with which new varieties are released and diffused to the fhrming 
population is an important factor influencing the benefits realized from plant 
breeding. Diffusion of' new varieties ensures continuing increases in productivity 
through the increased yield potential of new varieties; it reduces the time lapse from 
the investment in research to the time the benefits are realized, thereby increasing 
the returns to research; and it helps maintain genetic resistance to diseases and 
pests. 

The la;! benefit is particularly important in wheat. The resistance of released 
varieties often breaks down within a few years because pathogens, especially of' leaf' 
rust (Pucciniarecondita) and stripe rust (P. striifiw0nis), are con inually evolving. To 
guard against loss when varietal resistance breaks down, it is useful to diversif'y 
varieties II over time, by rapidly replacing the varieties available to farmers, and 
2) at a given point in time, by ensuring the availability of several varieties with 
different sources of genetic resistance to the dominant pathogens so that fhrmers can 
plant several varieties and reduce the risk of losses, or change varieties juickly if an 
epidemic breaks out. Varietal replacement over time and varietal diversification at a 
given point in tirni are both important targets of' any program to develop and diffuse 
new wheat varieties. 

Pakistan is one country in which "'arietal replacement has been slow. Though 
farmers quickly adopted semidwarf w!iats at the time of the Green Revolution, 
since then varietal change has lagged comlpared with similar wheat-grrowing 
environments such as the Indian Punjab and northwestern Mexico. Wheat 
researchers have been aware of the problem of' slow varietal replacement for some 
time. Pathologists, plant breeders, and other scientists have warned that a rust 
epidemic similar to the one that occurred in 1977/78 is likely to occur. However, the 
exact dimensions of' the problem could not be determined; although some inflormation 
on area planted to specific varieties is collected in Pakistan, at least fbr the Punjab, 
data are not made available publicly or in a timely finshion. 

In the early 1980s, the Pakistan Agricultural Research Council (PARC /International 
Maize and Wheat Improvement Center (CIMMYT) Collaborative Wheat Project, in 
cooperation with provincial research institutes, undertook a program of"integrated 
research in fhrmers' fields in areas representing dominant cropping systems in 
which wheat is grown in Pakistan" (Byerlee et a]. 1986). As part of this program, 
agronomic-economic surveys were used to diagnose f'armers' wheat production 
problems and to set priorities for research (Byerlee et al. 1984, Hussain et al. 1985, 
and Akhter et al. 1986a; Figure 1.1 shows the survey areasi. The surveys discovered 
that large areas of wheat in northern Pakistan were planted to old, rust-susceptible 
varieties. According to these researchers, variety is an important factor affecting 
farmers' yields and is also among the factors given the highest priority for immediate 
technology transfer. 



These findings emphasized the need to develop methods and conduct research to 
understand the problem of limited varietal diversification and replacement more 
thoroughly. Additional research was warranted for many reasons. Seed is a basic but 
relatively uncomplicated and inexpensive component of wheat production technology. 
The contrast between the rapid initial adoption of high yielding varieties and the 
present slow rate of varietal replacement, and between rates of varietal replacement 
in Pakistan and in other countries, certainly suggested further study. Economic 
losses caused by disease in normal years in Pakistan, let alone the losses that could 
be incurred in an epidemic, are severe enough to make the subject of varietal 
replacement a serious policy issue. Pakistan was therefore a good location for 
exploring these issues in greater depth. 

The results presented in this report come from four complementary studies designed 
to analyze the wheat seed system in Pakistan from the development of new lines by 
researchers to adoption by frmers. The report focuses on the Punjab, which contains 
71A; of Pakistan's total wheat area and 75(' of all the irrigated wheat area in 
Pakistan, because relatively more data are available and the seed system is most 
developed. 

• VVF" 
Punjab 
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Punjab 

~Punjab 

Baluchistan 
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Figure 1.1. Survey areas, Pakistan. 



The first study, summarized in Chapter 2, analyzes slow varietal replacement from 
the perspective of the research system. Measures of varietal replacement and spatial
diversification are presented and used to investigate whether there is an optimal 
rate of varietal replacement in the Punjab and to assess the level of disease 
exposure. Other measures of assessing the progress of a wheat breeding program are 
also discussed, including the rate of release of new varieties and the rate of yield 
gain over time attributable to the development of new varieties. 

The second study, most of' which is presented in Chapter 3, assesses problems in 
obtaining the raw data on varietal coverage required for much of the subsequent
 
analysis in this report. The study is the result of a series of' special surveys
 
conducted by social scientists from PARC. The surveys were designed to monitor
 
wheat varietal coverage and change in the three cropping systems covered by the
 
agronomic-economnic diagnostic surveys.
 

Chapter 4 discusses the third study, which concentrates on seed multiplication and 
marketing by the Punjab Seed Corporation (PSC). Data are presented on past and 
current seed l)roduction and the present seed marketing network in the Punjab. 

The fburth study, discussed in Chapters 5 and 6, concentrates on farmers. Chapter 5 
looks specifically at farmers'seed source and secd management, describing farmers' 
contacts with the formal seed system and the operation of the informal seed system.

Chapter 6 concentrates on fiarniers' 
use of' seed in the context of the literature on
 
technology adoption. Farmers' perceptions of wheat technology in general. varieties
 
in particular, and the wheat disease threat are presented and analyzed. Farmer
 
characteristics are analyzed statistically for their effects on 
farmers' awareness and
 
adoption of new varieties.
 

The fbur studies presented in this report look explicitly at the research system, the 
formal seed system, the informal seed system, and the varietal monitoring system.
The relationship,, between these systems and the rate of varietal replacement in 
fa'mers' fields is diagrammed in Figure 1.2. No separate analysis of ag'icultural
extension is conducted. However, evidence of extension's role in varietal diffusion is 
available from the discussion of extension as a source of technological information 
and the effect of extension contact on farmers' awareness and adoption of new 
varieties.I 

The final chapter of this report presents some conclusions and recommendations 
aimed aL varietal monitoring; wheat breeding, varietal testing, and release; seed 
production and distribution; extension; and government policy. Although the studies 
described in the pages that follow focus on the Punjab of Pakistan, the results and 
recommendations should be useful for all who are concerned with speeding the 
benefits of breeding research to its ultimate clients, the farmers. 

1 	General evaluations of agricultural extension for the Punjab can be found in Khan 
et al. (1984) and Haq et al. (1986), and for Mardan in Freedman et al. (1986). 
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Chapter 
[m Wheat Varietal Diversification 

over Time and Space as Factors in Yield 
Gains and Rust Resistance in 
the Punjab 

Derek Byerlee and Paul W. Heisey 

Several studies have analyzed the overall returns to wheat breeding research (e.g.,
Nagy 1984 and Zentner and Peterson 1984). However, the concepts of a target or 
optimal rate of varietal replacement and of the degree of varietal diversification over 
space have received little attention, and appropriate measures to monitor 
replacement or diversification in farmers' fields also merit further study. This 
chapter addresses those issues, first by introducing some basic concepts and 
measures of varietal replacement and diversification, and then by applying them to 
recent trends in wheat varietal diffusion in the Punjab of Pakistan. 

Optimal Varietal Replacement 
Any plant breeding program will have an optimal time span during which new 
varieties are released and old ones are replaced. The length of this period depends on 
the benefits and costs of releasing new varieties. The benefits in turn depend on 
1) the yearly genetic gains in yield or improvement in other desirable characteristics 
such as maturity, 2) the rate of varietal decay caused by breakdown in disease 
resistance, and 3) the genetic diversity for disease resistance in varieties that are 
currently grown. Because these factors, particularly the third one, change from year 
to year, the optimum period for varietal replacement will vary over time. The costs of 
replacement depend on the costs of breeding new varieties, multiplying seed of those 
varieties, providing extension to substitute new varieties for old ones in farmers' 
fields, and farmers' seed purchase and learning costs. 

All of those factors are quite specific to a given situation. The genetic gains in yield 
per year in a plant breeding program vary substantially. Annual yield gains may 
average 2% or more in exceptional periods, as in the 1960s and 1970s when the 
semidwarf character was widely exploited by wheat breeding programs, but over the 
long term, genetic yield gains are unlikely to average more than 1% annually 
(CIMMYT 1989). 

To make it worthwhile for a farmer to change varieties, some threshold yield 
increase-aside from the attractions of improved disease resistance and other 
superior characteristics that a new variety might have--is usually needed. The 
number of years before farmers should change varieties depends upon several 
factors, which are shown in Figure 2.1 and discussed in Heisey and Brennan (1989). 

If we make the simplifying assumption that farmers' seed does not deteriorate over 
time, we can use the yield threshold criterion in a straightforward manner. 
Assuming that the price of seed of a new variety is twice the price of seed of the old 

Ii
 



variety, and assuming a minimum marginal return on capital of 100 r (CIMMYT 
1988), the threshold yield increase would be between 7.5'Y and 1017 for a base wheat 
yield of 2 t/ha in farmers' fields. 1 If the annual rate of genetic gain in yield is 11%r, a 
varietal replacement period of 8-10 years is implied. If breeding gains are more 
rapid, or base yields are higher, prices of seed of improved varieties lower, or if 
farmers' seed deteriorates, the desired varietal replacement period is considerably 
shorter. 

The period in which farmers should grow one variety before changing to another is 
shown for various assumptions in Table 2.1. The seed-to-gr-ain price ratio of 1.5 
reflects the current ratio of wheat seed to commercial grain in Pakistan; the ratio of 
1.75 is nearer the worldwide average. The base yield of 2 tAla is near current levels 
for irrigated wheat in the Punjab; the higher yield (comparable to farmers' yields in 

FARM-LEVEL VARIABLES 

Rate of deterioration 
ine 0binmer's seed Base wheat yield Se -t 

(disease/contamination 

R 

E y improvement 	 NUMberof yeabt n 

RT potentialE 	M of new . ' :,,. ::i+:. I 
C varieties 
H 

.iMnimum Number ofSeed-to-grain accepta- years used in 
priceratio[ margina..ate assessing benefits

°freturn and costs 

ECONOMIC VARIABLES 

Figure 2.1. Factors influencing the number of years between varietal 
changes. 

1 	The higher figure (10/d) considers only benefits in the year of adoption. The lower 
figure (7.5%) assumes that seed of the new variety can be kept for future years with 
no decline in yields. 



northwestern Mexico) illustrates the effects of a substantially higher base yield. Seed 
pricing does not affect varietal replacement so significantly when base yields are 
higher .2 

Another factor influencing the benefits of varietal replacement is the rate at which 
varieties decay as their disease resistance breaks down. The degree of longevity is 
obviously quite specific to a given variety and environment. Nonetheless, a recent 
review (Khan 1987) suggests that the life of a wheat variety hefre leaf rust and/or 
stripe rust resistance breaks down averages about five t( six years in northern 
Pakistan (Table 2.2). In the highly favorable wheat growing environlent of' 
northwestern Mexico, wher- leat rust is a mI.jor problei,. the average longevity of a
 
variety is only three to fur yea,'s. l)ata suLNmarized )y Kilpatrick ( 1975) fin' many
 
countries suggest that racs of rtI p thogen chllge on average about once every

five years iln wheat growing ar'ea of the Thilrd World. Beca use some cultural 
practices that increase yields also pt)e)t(t co[nditiolns fbr rust to occur, wheat 
varietal longevity is decreasing over ime (1hall 1987). 

'The longevity of, new resistant whea t varieties also decreases if they are grown 
alongside susceptible varieties. ''hel bil(1up ot' iflocuInm on susceptible materials is 
likely to raise the probability of a change in rust races (tlARC 1987 . In Queensland, 
Australia, wheat breeders noted that varietal longevity with regard to stem rust 
increased from about five to 1) years when nearly a!" falrmers grew varieties 
resistant to the disease and the level of inocuilurn was kept low. 

Table 2.1. Target varietal replacement to meet farmers' minimum requirements 
for yield increases (MRR = 10W(4) 

Base yield 2 t/ha Base yield 5 t/ha
Genetic Seed-to-grain Seed-to-grain

gain in yield price ratio price ratio 
(%/yr) 1.50 1.75 1.50 1.75 

Number of years 
to make replacement profitable 

0.5 8 11 4 3 
1.0 4 26 3 
1.5 3 4 2 2 

Note: Assumes a minimum marginal rate of' return (i.e., farmers' minimum return on 
capital i of' 100; : also assumes that the ratio of price of seed of improved variety 
to price of seed fold variety (i.e., commercial grain price) is 1.50 or 1.75; a seed 
rate of 100 kg/ha; no deterioration in farmers' seed; and inclusion of benefits in 
years suhseuuent to a change. 

2 For more discussion of the effccts of the various parameters, see Heisey and Brennan 
(1989). 
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Table 2.2. Duration of resistance in 
wheat varieties to stripe and leaf rusts, 
Punjab, Pakistan, 1984 

Year 
Varietya released 

Mexipak 1965 
Chenab-70 1970 
Barani-70 1970 
Blue Silver 1971 
SA-42 1971 
Pothowar 1973 
Pari-73 197:3 
Sandal 1973 
Yecora 1975 
Nuri-7 1975 
Punjab-76 1976 

WL-711 1978 
Chenab-79 1979 
Bahawalpur-79 1979 

Average" 

Source: Khan (1987) 

Field life 
of varietyb 

(years) 

7 
9 
4 
I1 
6 
4 

12 
12 

5 
6 
1 

3 
3 
6 

6.3 

a 	 Excludes varieties (mostly recent 

releases) in which rust resistance has 

not yet broken down. 
b 	 Longevity of variety in terms of leaf or 

stripe rust resistance. 

But firequent varietal replacement also 
incurs costs, since it requires both a 
well-developed breeding programn and 

an established seed multiplication,
distribution, and extension system. 
Such a system should be able to provide 
sufficient seed of new varieties two to 

three years after their release, alLhough 

limitations on seed multiplication can 
often increase this period to four years 
or mine. The rate of'diflusion is likely to 
be a function of inproved yield or 
another superior characteristic of the 
new "arieties, rather than disease 
resistance. However, in periods when 

yield gains are attained slowly in 
breeding programs, varietal 
replacement may have to be undertaken 

largely to protect against disease rather 

than to exploit new yield gains. In that 
case, the cost of extension to replace old, 
susceptible varietic-; may he quite high 
if farmers are unaware that the 

resistance of their varieties has broken 
down until a disease epidemic occurs. 
On the other hand, when new varietiesclearly give higher 'yields, they may 
spead qite rapid the inu 

spread quite rapidly with little input 

from extension, as occurred when 

semidwarf wheats were first released 
(Lowdermilk 1972). 

The costs and benefits of varietal replacement in Pakistan suggest that wheat 
varieties should turn over every five to six years, which is somewhat longer than the 
target of three to five years set in Pakistan if'ter the 1978 rust epidemic AMuhammad 
1981). The five- to six-year target period would meet the hypothesized threshold at 
which it, becomes profitable for farmers to change varieties and maintain rust 
resistance. The target period weuld also be practical, given the limitations in 
releasing, extending, and multiplying seed of new varieties. 

Even a target period of five to six years poses considerable challenges to plant 
breeders. For example, in the Punjab alone there are three varietal zones-in ig7.ted 
southern Punjab (leaf rust zone), irrigated northern Punjab (leaf rust and stiripe rust 
zone), and the barani(rainfed) tract-as well as two distinct planting periods 
(normal and late) in the irrigated tracts. To meet a target replacement time of five to 
six years in all zones, one new variety should be released each year. Some var" 'ies 
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are adapted across zones, thereby reducing the number of varieties needed, but this 
advantage is countered by the fact that some varieties are not accepted by farmers or 
are grown on only a negligible area. 

Appropriate Varietal Diversification over Space 
Assuming that varietal diversification reflects genetic diversity, varietal 
diversification over space is desirable mainly to reduce the risk to farmers and to a 
nation should a rust epidenic occur. If a susceptible variety covers only a minor 
proportion of the l)lanted area, losses in the year of an epidemic are reduced, and in 
the next year the variety can be replaced more (quicklyand cheaply than if it had 
)een planted on a wider area. Replacing a susceptible variety grown on half or more 

of the planted area usually takes more than one year and requires an accelerated 
program to procure and distribute seed. Large-scale seed imports may even be 
necessary, as during the rust epidemic in Pakistan in 1978. 

To actually reduce the risk of' an epidemic, diversification must be practiced at the 
field level, perhaps by planting molt ilines or varietal mixtures in a given field.: 
There is some difference of' opinion over whether planting adjacent fields with 
genetically different material slows the spread of disease, but plant pathologists 
generally agree that diversification above the field level willIprobably not influence 
the rate at which a rust epidemic spreads. 

To monitor both the impact of a plant breeding program and exposure to rust 
epidemics, some measures of varietal replacement and diversification are needed. 
Measures used in other studies are reviewed here and some are applied to the 
situation in Pakistan. Examples are sometimes calculated using hypothetical data 
from Table 2.3. 

Table 2.3. Proportion of wheat area sown to given varieties at five-year 
intervals (hypothetical data) 

Year of Percentage area covered by variety 
Variety release 1970 1975 1980 1985 

1 1962 50 20 10 10 
2 1966 30 50 30 10 
3 1968 20 30 50 30 
4 1978 0 0 10 50 

All 100 100 100 100 

3 A multiline is a mixture of phenotypically similar plants that have different genes for 
rust resistance. A multiline could be developed by crossing a variety to a series of 
varieties with different sources of resistance and then backcrossing to the original 
variety to regain phenotype. However, each component of a multiline or varietal 
mixture must be tested to ensure it has at least one resistance gene that is different 
from those in the other components of the mixture/multiline. 



Measures of Varietal lReplaeement 
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Measures of Varietal l)iversification 
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Table 2.4. Varieties released since 1965 and year banned for rust susceptibility, 
Punjab, Pakistan 

Variety 

Mexipak 
Barani-70 
Chenab-70 
Blue Silver 
SA-42 
l'othawar 
Sandal 
Lyallpur-73 
SA-75 
Pari-73 
Yecora 
Nuri 
LU-26 
Punjab-76 
Hl)-2009 
WL-711 
Sonalika 
Indus-79 
Bahawalpur-79 
Punjab-81 
Pak-81 
Pavon 
Faisalabad-83 
Kohinoor 
Barani-83 

Year released 

1965 
1970 
1970 
1971 
1971 
1973 
1973 
1973 
1975 
1973 
1974 
1975 
1976 
1976 
1978 
1978 
1978 
1979 
1979 
1981 
1981 
1980 
1983 
1983 
1983 

Year banned 

1978 
1978 
1979 
1989 
1978 
1978 

Current 
Current 

1980 
Current 

1982 
1982 

Current 
1978 
1979 
1982 
1989 
1989 
1989 

Current 
Current 
Current 
Current 
Current 
Current 

Special 
recommendations 

Rainfed areas 

Late planting 
Late planting 
Rainfed areas 

Rainfed and irrigated areas 
Late planting 

Southern Punjab 

Southern Punjab
 
Late planting
 

Southern Punjab
 
Southern Punjab
 

Also Fbr rainfed areas
 

Late planting 

Rainfed areas 

Table 2.5. Release of wheat varieties in the Punjab, 1955-84 

Varieties recommended for. 

Total number of 
Period varieties released 

1955-59 2 
1960-64 0 
1965-69 1 
1970-74 9 
1975-79 9 
1980-85 6 
Total 27 

Irrigated normal 
planting 

2 
0 
1 
8 
7 
3 

19 

Irrigatedlate Rainfed 
planting areas 

0 0 
0 0 
0 1 
2 4 
3 1 
2 2 
7 8 

Note: Some varieties are recommended for both normal and late planting or for both 
irrigated and rainfed wheat. 



Varietal replacement, 1978-86--Varietal adoption and disadoption curves for the 
Punjab are given in Figures 2.2 and 2.3 and the years needed fbr each variety to 
reach peak adoption are reported in Table 2.7. Clearly the rate of varietal 
replacement in Pakistan has been relatively slow (compare rellacement in Me:,ico, 
Figure 2.4). The average nunher of' years from the release of a variety to peak 
adoption is nearly eight (Table 2.7). Onlv one major varietal change has occurred 
since Mexipak was introduced 20 years ago. Chenab-70, released in 1970, was 
successful but only partially replaced Mexipak. The severe rust epidemic of' 1978 

Table 2.6. Rate of varietal release in Pakistan and other countries 

Number of varieties released per year 
per million ha wheat 

Pakistan, 1965-85 0.29 
Punjab, Pakistan, 1965-85 0.29 
15 developing countries, 1967-75 0.72 

7 developed countries, 1967-75 0.45 

Source: Calculated friom Kilpatrick (1975) and other sources. 

Table 2.7. Extent and rate of diffusion of wheat varieties released in the 
Punjab, 1965-81 

Varietya Peak year 

Mexipak 1971 1 
Chenab-70 1978"1 
Blue Silver 1987c 
Sandal 1982 
Lyallpur-73 1985 
Yecora** 1980 
SA-75 1979 
Nuri 1979 
LU-26 1984 
WL-711 1986' 
Bahawalpur-79 1985 
Punjab-81 1986c 
Pak-81 1991d 

Peak area 
(%) 

58.0 
na (> 10.0) 

13.9 
5.0 

11.3 
55.6 

2.6 
1.4 
1.6 

18.4 
2.0 

14.0 
>50.Oc 

Years from 
release to peak 

6 
8 

16 
9 

12 
6 
4 
4 
8 
8 
6 
5 

10 

a Excludes varieties that never covered more than 1'7 of the area (Pothawar, 
SA-42, HD-2009, Pavon, Punjab-76, Indus-79). 

b Based on alternative reports. 
Projection based on surveys by Akhter et al. (1987). 

d Extrapolation based on data to 1987.
 
f Includes Sonalika.
 
** Includes Pari-73.
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Figure 2.2. Percentage of wheat area sown to major varieties, Punjab, 
Pakistan, 1978-87. 
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Figure 2.3. Percentage of wheat area sown to other varieties, Punjab, 
Pakistan, 1978-87. 



caused both Mexipak and Chenab-70 to be replaced by Yecora (seed of Yecora was 
imported on a large scale, and it I)ecame the doininatnt variety) and by WL-7 1 
(wliJ calne to dominate the southern lu ojab).Although hoth Yecora and WL-7 11 
were removed fromn the list of recommended varieties in 1982, p to 1985 tihey were 
widely grown. Newer releases, especially lVak-81 aI d ILu ntjab-8 1, are replacing them. 
The area under Punjab-81 has probably peaked because of'thai variety's stripe rust 
susceptibility an(l tendeincy to shatter at harvest, and it is estiniiated that the area 
under Pak-81 will peak at over 50'( in 1991. Adopt ion of'Iak-8l is growing quite 
rapidly in soile areas (e.g., the rice-wheat area of iiortheastern lunjal and more 
slowly in others. 

Three other varieties have been anld contiiue to be iniportant, covering '.);or more 
of the area, hut usually for specific situations. Blue Silver, also known as Sonalika, is 
grown widely and recommended especially for late plant ing. I ,alllpur-7; is 
prominent in the rainlfPd areas. The area planted to older, taller, and dcsi (local) 
varieties has coltinluiuslv d(eclined and their cultivation is Mw largely confined to
 
the driest rainfed areas.
 

Two measures of varietal replacement (tihe percentage area sownr to new varieties
 
released 
 in the past five years, N,, and the average age of varieties, A, were
 
calculated for 1978-86 using the indices of varietal replacement described earlier.
 

Percentage area 
sown to variety 

70  Jupateco-73 

CIANO-7960- Nacozari-76 # 
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Figure 2.4. Wheat varietal replacement in the Yaqui Valley, Mexico, 
1977-88. 



When varietal replacement is calculated using the conventional definition of new 
varieties (those released in the previous live years: n = 5), tile area planted to new 
varieties has averaged only 11'. Even if the definition is relaxed to include varieties 
released in the past seven years (n = 7), the area sown to new varieties is relatively 
small. 

The average age of varieties was calculated as a)o(ut 10 years f1" all varieties and 
about nine for semidwari's Only (Figure 2.5,. The average age of' all varieties has not 
changed even though newer semidwarls have rellaced sone of the old tall varieties. 
Over 95'; of' the irrigated arta is now sown to seinidwarfs and the average age of' 
semidwarf' varieties has actually tended to incretast over time (Figure 2.5). This trend 
is distuirbing because disease )ressuire is greatest in irrigated areas. 

These statistics on varietal replacement in the Pun jab compare tin faivorably vith 
data from similar wheat growing areas. For exam ple, in the Indian IPunjab, the 
percentage of' area sownito varieties released in the previous five years averages 3014 
compared to 11 ; in the Punjab of' Pakistan. ('orrespondingly the average age of' new 
varieties in the Indian Punjah (6.5 years) is less than th ree-q arte's of' the average 
age of new va'ieties in the Punjab of Pakistan. In the smaller, more unif'orm wheat 
growing environment of' northwestern Mexico, the rate of varietal rellacement is 
much faster than in either India or Pakistan (Table 2.8,. 

Weighted average age (yr) Percentage area sown 
to new varieties10 

released 
.in previous five years 

9 - Average age, 30 

IN semidwarfis 

8 - sonya 20 

7 - -1 

6-
- ~ Percentage 

area sown to new 
varieties 

0 

1978 79 80 81 82 83 84 85 86 87 
Year 

Figure 2.5. Weighted average age of varieties and percentage area 
sown to new varieties, Punjab, Pakistan, 1978-87. 



Exposure to risk of disease-The slow rate of varietal replacement has left much 
wheat area in the Punjab exposed to severe risk ofa rust epidemic for most of the 
past decade. Froi: . 1977 to 1986 the area sown to varieties that are no longer 
approved because of disease susceptibility averaged 42'/,. This figure underestimates 
the risk of a rust epidemic, since several recommended varieties are also susceptible 
to the disease. It also does not include the related problem of growing approved 
varieties outside of their recommended zones. The Cereal I)isease Research Institute 
(CDRI) inoculates plots in farmers' fields to measure the susceptibility of commercial 
varieties to leaf rust (PARC 1987). These data suggest that the percentage area 
planted to varieti,.,s rated at 50) or above (50' severity with a susceptible field 
response, based on the modified Cobb scale) averaged 591'" between 1982 and 1986 
(Table 2.9). Another measure of exposure to an epidlemic is the average coefficient of' 
infectim (ACI fbr leaf rust over the total provincial wheat area, based on varieties 
(weighted 1v area) sown in farmers' fields. In 198,1/85, a relatively high value of'36 
was registered fbi this indicator.' 

Aside f'ron the devastating losses that a rust epidemic could cause, actual losses to 
leaf rust are already substantial. Scientists estimated a 10 ( loss quivalent to 
400,000 t of' wheat) in 1986/87 in fields l)lanted to such susceptible varieties as WL
711, Blue Silver, and Yecora; this occurred mostly in the Punjab. Losses of such 
magnitude not only justif, increased investment in wheat research but also in seed 
.nultiplication, seed promotion, and extension. 

Diversification in space-A simple measure of'diversification over space is the 
percentage area sown to one variety at a given time. This measure can be calculated 
at various levels of' aggregation--the farm level, district or divisional level, or 

Tabie 2.8. Indices of wheat varietal replacement in the Punjab of Pakistan, the 
Punjab of India, and northwestern Mexico, 1977-86 

Weighted average Area planted 

Location 
age of varieties 

(years) 
to new varietiesa 

(%) 

Punjab, Pakistan 
All area 11.0 11 
Area under semidwarf varieties 8.8 11 

Punjab, India 6.5 30 

Yaqui Valley, Mexico 4.1 85 

a Varieties released in the past five years. 

4 For information on how ACI is calculated, see Stubbs et al. (1986). 
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provincial level. At the p1rovilcial level, 01V variet tusually tends to dominate half or 
more of the total wheat area. For example, Mexipak is estimated to have covered 
nearly 60(( of the area in 1971 (Nagy 198-1). 

The dependence on one variet v is even more striking at the divisional level. Surveys 
in the rice-wheat zone shvwed that Yecora covered 6O'; oftlhe area in 1981 (Bverlee 
et al. 1984). Tle CRS. lPorijab, records an even higher )ercentage planted to Yecora 
in 1982 and 1983 in tlhat zone. In individual villages there is also evidence that 
Carllers Concentrate on one varievy Ileisev et al. 1987). At the frtin level, where 
varietal diversification is a hilction of arm size, larg-sal rmr: with more 
than It) ha plant an average of 75'' oflheir wheat land to one variety (Table 2.10). 

Yield Gains in the Punjab, 1965-86 
Since varietal replacement appears to lo, slow in the 1Punjah. it is inm)ortant to 
investigate one f the most criticd aictors in farmers' uptake of new varieties, gains 
in yield. 

Methods----A nulnlber of methods are availalh, fi measuring Yield gains de to new 
varieties dor a review see ( odden 1987 1.Ideall*v, recrding yield gains din to 
breeding will reqoire a varietal trial in which important varieties released over the 
period of interest are grown urnder practices of' representative farmers ie.g., date of 
planting, flertilizer rate, etc.). In practice, scli data are rarely availahle, and other 
less satisfactory ai)proaiches nuist he osed. 

Two methods of analysis were employed to analyze inforimation from varietal yield 
testing trials conducted over years, although only the second method, the vintage 
regression model, is reported here. Varieties inclided in these trial.s varied from 
year to vear. In the first meth)od an index is construtcted by comparing the yield of 
each variety relative to the deck variety (see Schmidt 198,4 and ()a zein and 

Table 2.9. Measures of exposure of the wheat crop to a rust epidemic in the 

Punjab in recent years 

Average percentage area sown to hanned varieties, 1978-87i 42 

Percentage area sown to varieties with leaf' rust rating 
of 50S or higher in a given year, 1982-87 I) 59 

Weighted average coefficient of infection for leaf rist of 
varieties grown hy farmers in 198,1/85' 36 

a Banned varieties are those removed from the recommended list of varieties by the 
Varietal Evaluation ('oimittee. 

b Based on recordings of the Cereal l)isease Research Institute and data reported in 
Pakistan Agricultural Research Council t1987). 

c Based on data provided by Cereal Disease Research Institute, Islamahad, and on 
area sown to each variety. 
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Table 2.10. Percentage of total wheat Jameson 1981). The second method 
area sown to a major variety at the emlploys multiple regression analysis to 
farm level, 1985/86 estinmte a vintage model fbilowing 

Ftodden and Brennan (1987 j. They used 
Farm size Rice zone Cotton zone tie fidlowing general mIlodel: 

< 5 ha 89 .++
 
5-10 ha S2 88ro 
 = hi) +XrI) + u 
> 10 ha 76i 82 t / 

Source: Surve.y (hescrilhed in ('hapter 5. where Y, is yield of, variety i in year t (as 

alove , 1). are a set of (lunlfv varialles 
10, 1 for the experimental year t and 1) 

are a set olfO, I uiv,i v'ariahles fbr tht, "vintage" or period of' release (of a variety. 
(oddenland Brnlnati divided 1) into fiv(-,'yir periods, The ( oddeln lreinnal 
formulation allows for nonlinear yield ilicreases over time, ill newlv released varieties. 
Inl our cast,' We were oly intreTsted in the long terll average rate if increase in yield 
gains, and the specifiation of'the vintage f'utiol was simplified to the flollowing two 
alttrnat iv'e firnls: 

=ZaI+ L b) +(' + i, II) 

in Y") = a + Lb + 7, + 11, (2) 

where 1n(Yit/ is the natural log of'Y and V is the year in which variety i was released. 
T ihe Iequation 1 provides an estimate of the yield increase due toinear specification 
new varieties in al)solut e terlmlS ii.e., C Imeasures kg/ha/vear yield gains) while the 
logarit hmic specification gives the relative, yield increase Ii.e.. c measures '; /fr yield 
gains). Both spe'cificat ions were tried. hut h)ecause the logarithmic specification 
generally gave as good or hetter fit and sincte w'e wer(e more inter(sted in the relative 
yield gains, we report here only the logarithinic specifitation. 

Data sources-For this analvsis, we emhployed t wo, quit' comnprehensive data 'sets. 
The first is the results of' the International Spring Wheat Yield Nursery (ISWYN 
sent hy CI'MMYT to many oYnontrie's fbr the past 22 yt'a 's to measurie Yield 
performance and other varietal characteristics such as disease resistance over a wide 
range ofenvironments. This nurser'v has heen grown at Faisalalmd since 1961/635 and 
data are pu1lfished in the ISWYN reports fbr all years except 1976. Methods and 
practices used in the IS\WYN have varied over the 'ears. hut the nursery trials have 
always used relative ly high manageinet levels on sial! plots, although no fungicide 
is applied. The date of planting varies from 10 to 24I Novtumer, generally considered 
the optinal planting period for this area. The varietv Siete Cerros Ilor its sister lines 
Mexipak and Kalyonsona) was included as a check in all ISWYN trials. Over the 
years, all widely grown commercial varieties f'rom Pakistan, hoth tall and semidwarf, 
have also been included in the ISWYN, either as advanced lines or as released 
varieties. 

__________ 'I 



The second data set consists of the results of a variety by date of planting trial 
conducted annually at the Khanewal Seed Farm since 1979/80. This replicated trial 
uses relatively large plot sizes and has included all major commercial varieties 
released since 1970. Sonalika is a common check variety over all years. Furthermore, 
each variety is grown at four dates of planting, typically ranging from 1 November to 
31 December or earl' January. The performance of varieties over planting dates 
enables yield gains to he estimated under conditions more representative of farmers' 
conditions, since late planting has become increasingly more common in the Punjab 
as cropping intensity has increased. Nonetheless, the trials are planted with higher 
levels of inputs, especially fertilizer, than farmers use, so yields are considerably 
above farmers' levels. 

Result-Results of' some of'the vintage regression models are reported in Tables 
2.11 and 2.12. The F-ratio f'or the group of"dulmy variables for year of experiment is 
generally highly significant and the coeflicient for V, the year of'varietal release, is 
also significant and positive in most cases. 

Estimates of the rate of yield gain due to new varieties are summarized in Tables 
2.13 and 2.14 far various subsets of years, varieties, and dates of planting. The 
ISWYN data allow the estimation of yield gains to include the effect of the release of 
the first semidwarf varieties in the 1960s. However, it is also interesting to know the 
yield gains achieved in successive generations of semidwarf varieties. The results of' 

Table 2.11. Regression results for vintage model for ISWYN data, Faisalabad, 
1965-86 

a 

Semidwarf varieties 
All varieties released since 1965 
since 1 9 5 7 ,b Excluding 

all years All years rust years 
1965-S& 1965-86 1973,7T,78 

Independent variables" 

Year variety 0.0187 0.0125 0.0102 
released (6.07)"- (3.72)- (2.73)" 

Dummy variables for 
" year D66-D86c F=8.63- F=8.54"'" F=3.06 

Constant 7.068 7.564 7.715 

n 78 61 50 

R2 
 0.81 0.83 

a Dependent variable is the natural log of yield.
 
b Includes tall variety C273 released in 1957.
 
c The number given is the F-ratio to enter the set of dummy variables for year.
 

0.68 



both the vintage model and the yield relative to the check (Siete Cerros) indicate that 
yield gains For all varieties, including the change to semidwarf [rom tall varieties, 
has been nearly 21,, per year, but for the semidvarts alone, the yield gains have 
averaged about 1' per 'ear. 

Tile ISWYN data set includes several varieties, especially Siete Cerros, which have 
beconle susceptible to rust over time. Hence, the estimated yield increase to new 
varieties includes hot h the eflect of, increasing yied potential of' new varieties as well 
as the decline in yield of' some older varieties caused by a breakdown in rust 
resistance. In f'act tilt,yield of'Mexipak does show fairl'y high variability compared to 
other varieties, probably because of rust attack. An atternmpt was Made to accou nt fi 
this effect by removing the years 1973. 1976, and 1978, when rust was severe and 
Mexipak (Sicte (Cel'rnsI \vas given a leaf' rulst rating of' 6(,S or higher. ' The estimated 
rate of yield increase )r "non-rust" years falls froml 1.25'.; to 1.0' using the vintage 
model, suggesting an average rate of'decay of' .251; per year caused by a 
deterioration in rust resistance. This estimate is only a rough guide and is probably 

Table 2.12. Regression results for vintage model for normal season wheat
 
varieties, Khanewal Seed farm variety x planting date trial, 1980-86
 

All dates Optimum Late 
20 Nov, 10 Dec, date planting 

1 Jan 20 Nov 10 Dec, I Jan 

Independent variables" 

Year of release .0094 .0083 .0099 
(2.52 *' (1.89Y (2.03)' 

Days planted after 1 Nov -.0128 -.0144 
(20.2)" (12.0"'" 

Dummy variables for
 
year D81-D86 h F=2.35" F=4.08" F= 1.86'
 

Constant 8.03 
 7.80 8.10 

n 123 41 82 

R2 
 0.79 0.56 

Note: , significant at the 10,, 5 4, and F,,; levels, respectively; t-values in 
parentheses. 

a Dependent variable is tile natural log of yield.
b Number given in the F-ratio to enter the set of dummy variables For year. 

The ISWYN data include rust scores for each variety and often provide an overall
 
disease rating for the nursery of slight, moderate, or severe rust response.
 

0.70 
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an underestimate since natural rust infestations in small yield plots, surrounded by 
resistant varieties, might be expected to be lok',r tlmn in large fields of the same 
variety. 

The Khanewval Seed Farm data include 284 observations of variety by planting date 
by year. ()lY popular conmercial varieties were incllided in the experiment but they 
can be divided into varieties ot normal planting. varieties fbr late planting, and 
varieties for rainfe(l a'eas. Tahle 2.1.1 sunnarizes estimated yield gains for various 
groups of varieties and( dlates of plalinting. In the irrigated Plibjab most wheat is 

planted between 15 November and 15 l)eceherl., so the best estimate of yield gains 
under ha'rerfs' condit iot.. is tibe average t'1)2 and 1)M oi the average of 1)2, I)M, and 
Dl 1 1)2 = 20 Noveiner, 1) = 1t) I)eceMber. 1)4 = end of )ecem1ber or early ,t anar. 
To accotnt fol these effects, (late of planting was also included as an independent 
variable in the vintage equation. 

Table 2.13. Estimates of annual wheat yield gains ('/yr)due to varietal ;m

provement, ISWYN, Faisalabad, 1965-86 

Vintage model Relative to check' 

Varieties released since 1965 
All years 
Excluding rust years h 

1.25* 
1.02 *:' 

0.75 
na 

Varieties release(l 
since 1957 1all years i 1.87' 1.90 : :* 

a Mexi pak or Siete ('erros. 
b 197:), 1976, 1978. 

Significant at 1;: "significant at 5(. 

Table 2.14. Estimates of annual wheat yield gains ('%/yr) due to varietal 

improvement, Khanewal Seed Farm, Pakistan, 1980-86 

Normal varieties Early maturing varieties 

Vintage model 
Over three planting dates" .94* -.57"* 
Optimum planting .83"* -. 14 

.99 : *  Late plantingc -.78"* 
Relative to check'" 

Over three planting elates .88"* na 

a 20 No%,., 10 l)ec.. 3 ,im.. 
b 20 Nov. 

10 Dec., 3 .Jan. 
d Blue Silver. 

Significant at 51,;. 

c 



The estimates fbr normnl season varieties again suggest yield gains fronm 0.75-1.251/4 
per year. However, for early maturing varieties for late pilanting and varieties for 
rainfd areas, there is no evidence otf any Yield gains. The evaluation of rainfed 
varieties should be conducted in rainfed conditions so the latter result is not 
surprising. For late planting, significant yield gains have heen mnade for "normal" 
season varieties. These gains largely reflect the relativelv good perinannce of* 
Pak-81 and WL-7 11 under late planting I ,verlee. Akhter, and Hobbs 1987). The 
overall yied gains estimated relative to the check, Sonalika, also give a siinilar 
estimate of'(.88'; per Year. 

In synthesis, the results ifl'the analysis of'two cmpre hensive data sets hv two 
methods give quite compiarable results of'"vitld gains to new varieties of ahout 1 + per 
year or a little less sillc seIlidwarf, wei'e fi'st released, and nearly 2; pei 'Veai if' 
the introduction of setiidwarfs is also included. These figures ai'e quilte conpai'alle 
to estimates fbr Mexico hy l'N'vns I )S I andi \Vaddington ti .1 1986I and fl.' the 1TK 
and Australia bv (tIode n rd Hennan 1987). 

There remains the question of' whet her tfese results can he apI'lied to vield gains in 

fhrumers' fields under fiirieirs' illllg'neiii l"oi' .(Wsonvarieiies., especiallv PAk-8I, 
fi'mreir survevs and on-farm+expe.riments show that yield gains under airiters 

conditions are conlparahhe1i Bverhee ('t al. 986), and we are willing to extrap)otlate 
these results to the fiinn hvel. lhowe',.1 to allow ir tie eIfeTt of';l breakdown in 
rust resistance, a (onser'vative overall estimlate of 'i eld gains of'(.75; pei year due 
to new 'arieties niav he inoi'( aj)l)ropriat,. 

Implications for Varietal Replacement 
This estimate of' vield gains can hIbfed into the niodel of' vairietal replacement at the 
farner level described above and by Heisey and Brennan, 1989). (;iven the piresent 
seed-to-grrain price ratio of'about 1.5, and assuniing yield gains if'0.75' per year and 
annual deteri'oration in the pieroriance if'var'ieties of'O.25' , firmers would he 
willing to change varieties evei'y fboi" v(ai's. If'annual Vield gains fi'om ibreeding were 
11; and annual deterioration were 0.5';. idi 'idual vaiietal replacement tim, would 
be three years. These desired replao.ctmeln t tilies, cmpled with an aggr'egate mean 
age of varieties of' about nine Years. iin ply that seed of* new var eties rieaches fi'meM's 
an average iif about seven ya rs after release. Even if' the price of seed were raised to 
a 2:1 ratio with grai n, und(er the ottr assu Inlpt iolns speci ied alove, the desired 
replacement times would 1e eight and five years. To naintain an aggregate mean 
age of nine years would require that seed reach ain'mers in f'ouir-and-a-half to six 
years. Aggregate nean age of variities would be reduced if' the increase in seed price 
stimulated seed production and sales. 

am
 



Conclusions 
Several measures of varietal diversity applied to wheat in the Punjab indicate that 
varietal replacement has been slow and that exposure to disease risk has been high. 
Because of the large area sown to susceptible varieties, losses to rust have been 
considerable. However, wheat breeding has continued to provide potential benefits 
by increasing yield potential and changing the sources of disease resistance in 
available varieties. Although the rate of varietal release per million hectares of' 
wheat. has been somewhat low, tOhe numher and qualit'y of the varieties released in 
the Punjab hane been great enough to allow acceptable varietal divcrsification over 
space and time, had they bIeen more rapidly adopted by farmers. Reasons for the slow 
rate of' adoption will b'v among the major topics of flolhowing chapters. 



Chapter _ 
1= Identifying Wheat Varieties 

Grown in Pakistan 
Paul W. lIeisey, M. Ralmlzan Akhter, Khaleel A. Tetlay, 

Zul fiqar Ahmed, Munir Ahmad, Abdus Sattar, 
Aslant Khan Khattak, and Muhammad Sharif 

This chaptir discusses the difficulties of monitoring the varieties grown in farmers' 
fields, focusing on the major prol)ems of identification and sampling. It comares 
several current estimates of Varietal Coverage, both to illustrate the problems 
involved in estimating the pro)ortion of' total wheat area planted to different 
varieties and also to txp;Illd the analysis of' varietal diffusion. 

Current Varietal Monitoring 
Whe:t varieties planted by farners in Pakistan are not rzularly monitored or 
reported. Agricultural statistics pub]ished by the Ministry of Agriculture 
differentiate between high yielding and other wheat varieties, but those data do not 
permit in ferences about the rate of'varietal replacement or the. degree ofIisease 
susceptibility. 

The nIost thorough varietal monitoring is presently conducted for tile Punjab by the
Crop Reporting Service (('HS) in lahore, who collect inflormation on wheat varieties 

as part of'their annual estimation ofarea and yield. Their estimates of varietal 
coverage are not puhblished, however. and vheart scientists are either lllaware of 
their existence or uncertain of the methodo'Og' used to prodLce them. Although the 
CPS hesitates to claim accuracy for its estimates below the provincial level (reasons 
for this will become apparent later), their data remain the single most useful source 
for any analysis of' varietal change in Pakistan, especially since equivalent data for 
other provinces are not available. 

Wheat va,'ieties grown by farmers are also monitored occasionall v by specialized 
institutions, Su&h .18 ig'riculltural extension or the Federal Seed Certification 
Department (FSCI). In additiom to being occasional, these surveys tend to 
overrepresent large-scale farniers and thus to overestimate the area planted to new 
varieties. 

In 1985/86 social scientists from the Pakistan Agricultural Research Comncil (PARC) 
conducted a major study of the constraints to rapid diffusion of new, uisc ase
resistant wheats in three major cropping systems.' Ferozewala, Gujranw .la, and 

1 	More detailed information on the research repor'ted in this chapter can be fbund in 
Akhter et al. 1986hJ; Akhter et al. 11987); Sharif et al. ( 1988); Khushk et al. (1987);
Heisey et al. 1986 and 1987); and Abmad et al. (1988). Heisey et al. t1986 and 1987) 
also describe the methodology used in estimating the relative areas covered by 
different wheat varieties. 

2 	 Much of the analys,, in Chapters 5 and 6 is based on this study. 

N
 



Daska telsils (subdistricts) were selected to represent the rice-wheat system of the 
northeastern Punjab; Lodhran, Mailsi, and Bahawalpur lehsils to represent the 
cotton-wheat system of the southern Punjab; and the irrigated part of Mardan 
I)istrict to represent the irrigated Peshawar plain, North West Frontier Province 
(NWFP).: Survey areas are shown in Figure 1.1, page 2.) Thirty villages were 
randomly selected in each of the rice-wheat and cotto;,-wheat survey areas, and 20 
villages were randoimly chosen in irrigated Mardan. ()ver 1,200 fhrmers in the 80 
villages were interviewed ahout the wheat varieties they were growing. Social 
scientists returned to the same villages later with wheat breeders from provincial 
wheat research institutes to i(lentifVy the varieties grown in over 3,000 village wheat 
fields. In sub~sequelt years, the social scientists have returned to Ohe same villages 
to conduct similar sourvevs offitiers, though there have been no more breeders' 
su rvevs. In addition. falrmer and bIreedlers' survevys were conducted in two cotton
wheat lalukas (subdist ricts I and two sugarcane-wheat lalukas in Sind in 1986/87. 
These surveys provide the basis of s me of the estimates reported below. 

Problems in Varietal Monitoring 
The first ploblem in monit oring vaneties is to identi fy them correctly. Identification 
can be done through physical identification or farnier interviews. Large surveys 
relying on physical identification are too costly ibr widespread use because only a ftew 
individuals have the specialized skills to identifv with accu racy all varieties grown 
by farmers, even when the crop has reached maturi ty. On the other hand, relying on 
farmer interviews can also be problematic. Interviews with farmers in the Punjab 
and Si. ,d revealed that 5-2)1 of the surveyed area was planted to wheat varieties 
that farners could not name. In Mardan, the proportion was much higher: in three 
years of surveys, one-third to one-half of the wheat area was pllanted to varieties that 
farmers either could not nmne or referred to as "Mex ipak,' which in addition to being 
a true varietal name is also the Ilocal name fbr any sem idwarf wheat. Another 
complicating factor is that farners identify their wheat varieties hy the name given 
by the person who initially supplied the seed or on the basis of their own knowledge 
of a variety's characteristics. The present system of assigning varieties similar 
names makes it easy to confuse varieties IPun.jab-81 and Punjab-85, for example, or 
Pak-81 and Punjab-8 l 

3 	 The major rotation in Mardan is maize-wheat. However, sugarcane-wheat is also 
important. The number of crops grown makes it somewhat more difficult to describe 
the farming systems of Mardan than the systems in the two other survey areas (see 
Hussain et al. 1985). 

4 	 Nonspeciai.;ts are likely to rely on gross attributes of plait character such as height, 
which results in problems like the overidentification of the particularly short variety 
Yecora in relation to its sister lines Pari-73 and Sandal (Chapter 2). Specialists 
working in seed certification might be best suited for physical identification of 
varieties (N.I. Hashmi, personal communication). 



______________ 

Despite some drawbacks, lhrmer interviews are likely to remain the majoir 
instrunient in varietal monitoring. Even at present, interviews produce useful 
informnation; judicious questioning about the length of time a variety has been 
planted call lead to a decision about whether or not it is a recent release, even though 
the specific name of' the va riety is not obtained. 

III tile surveys reported here, "don't kno"i responses were divided into "new. don't 
know" and "old, don't know" categoie's. Varieties were labeled "new,don't know" if' 
tiletlirmer did not know the variet v's ilile but said it was new. Supplementary
 
questioning albout the length of'tilie the fll'er lhad beel grmoillg tie variet 
 and
 
tile length of'timle (ther farmers in the saille village had been growing it were used to 
confirll tiletlmIer's opinion. This l'ocess r'equir'ed a certain amount of'slibjective
 
judgmlent oil tile part Of the etllulerator antd prlobablly resulted in slight
 
overstiiation ol'the "new. hon't know" category at the expense of the "old, don't
 
know" catego'v. 

The other Illajor constr'airlt to 'stiliating varietal coverage accurate'ly is sampling. 
Most Ia rge-scale varetal suiveys, such as that of'the ('RS in the lI n.ab, are 
)Vproducts f other research ('florts and not desi.,ed priillarilv to Iecol'd varietal 
int1rWIllatioll. Thus. sampling design is olikely to nlaxini/t'the eflitieict''v of 
estimates ,diarea )lanted to givell varieties. 'ITIhis pliblh'ii is complicated by thei fact 
that, to tile anth l's" kInOWb'dge, all tihe surveys described earlier used a cluster 
sampling design. ('luster sanplling reduces sorvey 'Costs thrn OftlIgh tile selection 

first-stage sampling units defined lv hlxation '"clusters"): second-stage sampling
 
Units aie chosen froil withinl tile cilster. Ill t:,'special studit's illthe rice-wheat,
 
cotton-wheat, and Ma rdani areas, thetfirst-stage tiinit was tile village. 

Cluster sam plinig Call produc( eticielt estimators if individual ciusttrs ai'e relatively 
heterogeneous with respect to the palrainetTs in qt'tsion alld if' ther'e is ielatively 
high homogeneity between cliusters. Unfort unatelv this is not likely to be the case 
with i'espect to wheat variety. lesearlt'ers' experience in Conductin g specialized 
varietal identification studies has shown that varieties tend to be colncent rated ill 
particulai' villages. A fairnier is mi'e likely to grow tile saite variety giown by 
another i'alldeilllY selected fler in the saile villagt thati a vai'iety grown by a 

diferent village. Similarly, two wheat 'lels 
by a blreedelr ilithe salle village arme morte likel'v to be planted to the same variety 
than a r-andomi pair of wheat fields from two different villages. Estimates of 'vaiietal 

randomly selectedt'rlier ill a inspected 

coverage f'rom cliuster sampling designs at'e therfore likely to have relatively high 
sampling eiroi. In the siort iu. this method can be iilproved by choosing a 
relatively high nuimi ber ol clusters (villages and a relatively low number-of farmer's 
(or fields) withill each village.' 

5 In the long run, as the CRS moves towards airea fi'alie sampling designs, better 
estimates of varietal coverage are likely to result as a by-product. 



Finally, if a survey is to provide estimates of varieties that cover relativelv little 
area, it is in effect sampling from a rare population. Unless a relatively expensive 
survey is designed, it is unlikely that the estimates will be very accurate. 

Survey of Farmers and Breeders' Survey, 1985/86 
The special surveys conducted in 1985/86i exemplify some of the difficulties in 
accurately estimating varit tal coverage. Varieties were identified by fairmers and by 
wheat hreeders in the same villages. Because of the sam pling prol)lem and the 

Table 3.1. Estimates of percentage area 

planted to major wheat varieties in 
three zones of Pakistan, survey of 
farmers ani breeders' survey, 1985/86 

Zone and Farmer Breeders' 
variety variey suveysurvey 

Rice zone 
Pak-81 26 
Punjab-81
Yecorl-, 

17 
10 

Blue Silver 10 
Sandal 6 
WL-', 11 2 

Cotton zoneWL-711
lue Silver 

37
21 

Bahawlpur-79 12 

Mardan 
"Mexipak" 26 
Pak-81 20 
SA-42 14 
WL-71 1 10 

srvey
survey 

16 
1:3 
4 

5 
16' 

13 a 

46
46 
10 

<la 
24 
22 
341 

a Estimate from breeders' survey lies 
outside the 95': confidence interval of 
estimate i-'om farmer survey, 

i(entification problem discussed 
ea i'l ier, the re were, large dIisc re pan cies 

il solme of the estinates Table 3.1). 

These discrepancies canl he evaluated 
by survey area as well as by variety. 

It is clear. that at major reasonl for thledlidfferences in estimates in Mardan is 

farmers' more li mited knowh dge of' 
varietal nanie. :. Although very little 
Mexitpak is grown now in any area of' 
Pakistan. bi'rners in Martian said 

they were growing "Mexipak" on one
quarter of the tUrWveVed area. 
Br'eder's also identified a good deal 
more WL-711 than fb iners did; on 
the other hand, estimates fbir the new 
variety Pak-81, which is spreading 

rapidly in Mardan, and the old variety 
SA-42, which has a distinctive 
appearance at maturity and a 
distinctive local name, were relatively 
disictie lo iiame, werelely 
close in the two surveys. Nonetheless,
it is likely that percentages from 

f'rimer surveys in areas like Mardan 
underestimate the coverage of major 
varieties. 

The discrepancies for Yecova and Sandal in the rice-wheat zone might be related to 
the fact that they are sister lines. Yecora was introduced in 1974 and large aniounts 
of seed were imported; in 1981 it was banned. Yecora s sister lines Pari-73 and 
Sandal were released in Pakistan in 1973 and are still approved but recommended 
for replacement. Although it is clear that Yccora was the dominant variety in the 

For example, in the next two years (1986/87 and 1987/88), area under "new, don't 
know" varieties, asi well as Pak-81, increased substantially in Mardan. Most of this 
"new, don't know" area can be presumed to be under Pak-81. 

6 



Punjab in tile late 1970s and early 1980s, there has probably been sone tendency for 
farmers and the CRS to overestimate Yecora and underestimate Pari-73 and Sandal. 

In all three areas, estimates for WL-7 11 were higher in the Ireeders' survey and 
lower in the survey of' farmers. For Blue Silver the situation was exactly the reverse. 
In the 1985/86 surveys, the discrepancy forb, lue Silver was particularly apparent in 
the cotton-wheat zone. WL-7 11 is a variety of'intermediate maturity and Blue Silver 
is early maturing. Though their physical characteristics al e somewhat similar, they 
can be distinguished near mat uirity with only moderate(dif iculty. 

The discrepancy hetween farmers and breeders' identification of Wl,-7 11 in Mardan 
is partially accounted f0r hy fai'ners' tendency to he unaware of varietal naines.. The 
discrepancy for the cot toln zone is more problematic. Subsequent surveys of farmers 
in the same area of the co)ttoln zone, c(nfi rmned hy on published ( 'RS estimates, show 
a large, even increasing, proportion of wheat area under Blue Silver. Perhaps the 
cluster sampling prohlem is even more severe f(o' the breeders' sourvey thall the 
survey of fi'nmers: and, as in Mardan, hoth \VL-7 I and Blue Silver may he referred 
to as "India" hy fiarmers, although the name inure Common110()lly apl)lies to WL-71 1. 

Current Estimates of Variotal Coverage 
Estimates from the Crop Reporting Services and special studies-Though 
some wheat varieties are more widely adapted than others, different varieties are 
often more popular within different cropping systems. An obvious example is the use 
of certain varieties in irrigated agricultuire and Others in rainf'ed agriculture. 
Different requireients for maturity and disease resistance also account fuor varietal 
diversity over widely dispersed areas. For those reasons, and also because of' 
diflerences in recording methodology, the Punjab-wide varietal estimates from the 
CRS cannot be compared directly with those f'rom the special studies, which covered 
a much snaller area. Nonetheless, examining the different estimates for some of the 
major varieties together helps identifyf' regional di fferences in varic :al use (Tables 
3.2 to 3.4). 

The estimates from the special studies for 1985/86 and 1986/87 are broadly 
consistent with the CRS estimates Fi' the same years. In particular, both indicate 
that Pak-81 is undergoing rapid adoption and Yecora is nearly phased out. Two other 
results fi'om the special studies might. be predictors of' province-wide trends: namely, 
that WL-71 and Punjab-81 probably reached their peak coverage in the years of'the 
studies and are likely to have entered the disadoption phase. 

7 	 In fact, in Mardan "India" might refer to either WL-711 or Blue Silver, as both 
WL-711 and Blue Silver's sister line, Sonalika, were imported from India. Here, 
"India" has been recorded under WL-71 1; otherwise the discrepancy for WL-711 in 
Mardan would b, .ven greater. 



Besides indicating general trends in varietal use and disuse, the special studies 
provide specific evidence of l)reference for particular varieties in the three crop 
production zones. Pak-81, Punjab-81, and Yecora are clearly ilmrtant in the rice
wheat area, whereas WL-7 I1 and Ba hawaIlpur-79 are much In;o- -ignificant in tie 
cotton-wheat area. Blue Silver is important in both zones, but particularly in the 
cotton-wheat area. WL-7 11 performs well when planted late, and Blue Silver has 
tradit ionally been recommended flor late planting. Although WL-711 has been 

Table :3.2. Percentage area planted to major wheat varieties in the Punjab, 

1985/86 and 1986/87 

Variety 1985/86 1986/87 

Pak-81 9 17 
IPunjab-81 l4 15 
Blue Silver 14 12 
Bahawalpur-79 2 2 
Vl-7 11 18 20 
Yeco'a 12 8 

Source: Crop Reporting Service, Lahore 

Table 3.3. Percentage area planted to major wheat varieties in the rice

wheat survey area, 1985-89 

Variety 1985/86 1986/87 1987/88 1988/89 

Punjab-85 -- -- - 5 
Pak-81 26 38 50 55 
Punjab-81 17 7 7 6 
Blue Silver 10 11 5 6 
13ahawalpur-79 -- -- -- -
WL-711 2 -- 1 --
Yecora 10 8 2 3 

Source: Agr'icultural Ecomics Research Unit, Faisalabad 

Table 3.4. Percentage area planted to major wheat varieties in the cotton

wheat survey area, 1985-89 

Variety 1985/86 1986/87 1987/88 1988/89 

Pak-81 6 11 11 17 
Punjab-81 9 5 14 7 
Blue Silver 21 22 27 35 
Bahawalpur-79 12 9 12 9 
WL-711 37 29 24 14 
Yecora 1 1 -- 2 

Source: Agricultural Economics Research Unit, Faisalabad 



banned since 1982, and flithough the Varietal Evaluation Committee has
 
recommended that 
 3lue .iilver he phased out, the actual choice of' varieties in the
 
cotton zone has been determined Vthe constrairnts of the cropping system rather
 
than by recommendations based largely on disease resistanc-.
 

Recent trends in varietal use in the special study areas-- )ata from three
 
years of farmer sureys in the rice-whel zone, cot ton-wheat zone, and Mardan
 
illustrate patterns in varietal 
use and identiV trends among varieties in each zone. 
Some distinctions will he made in thost data. First, "new varieties" in any year are 
defi ned as those re'us,'d nu 11uorl thou rie Vy1W(rs oi(P. Second. in an. y\ear. varieties 
are classified as irt'coim ended" or "lanned' accorlifig to the list issued afterthe annual 
meeting of the whe'it Varietal Flvalnation ('onlittee. ()n the lsls ofthose two
 
definitions, varieties are classified 
as "new reconiniended." *,(oh I'econinlended", or
 
"hanned." A third caitegor'. "all variet ies I'eleased in 1979 or more recentl v" is the
 
basis of lthe studv oft the' diffusion of new wheat seed and new wheat varieties,
 
presented ill ('hapters 5 and (;
 

In the r;,e zone the wide diffunsion of' post-1978 releases ITahle :.5) is thei r(sult of
 
farmers' adoption of'lak-. 
L.The 'new. don't know" category has also increased ill 
area, implying that one Or nmr01e recent relelsis l'e being ;idolpted fhii'ly 'apidly. The 
airea tindlerI PuLnjab-I )81aippears to he declining and Yecora can he considered nearly 
phased out. Although the large variabilit y in the 'esti mates nales it diflicult to 
specuhlte about varieties that cover sial'le' proportions o)f the area, figures for 
1987/88 suggest that the area planted [o Blue Silver may also be declinileg. 

Table 3.5. Changes in the percentage area of recommended and other wheat 

varieties, rice zone, Pakistan, 1985-89 

Varietal group 1985/86 1986/87 1987/88 1988/89 

New recommended" :31 48 3 8 

Old recommended" 26 23 79 78 

Banned/mixed 	 43 29 18 14 

Post-1978 releases 49 55 76 80 

a 	 New varieties are thost released no more than five 'ears before the survey. 
Recommended varieties are those recommended by the Varietal Evaluation 
Committee. "Don't know" responses divided into "new, don't know" and "old, don't 
know" on the basis of subsidiary questioning. 

8 	 The Varietal Evaluation Committee is made lip of wheat scientists from PARC as well 
as from provincial wheat research networks. 



In the cotton zone, the adoption of post-1978 releases ha. been much slower. Pak-81, 
Punjab-81, and Bahawalpur-79 appear to make LIp nelrly equal proportions of tha'i 
category. On tile other hand, there has been a sig)ik ant shift out or banned 
varieties into recommended varieties in the most recent year (Table 3.6). 

In Mardan, the relative area planted to old varieties is particularly high compared to 
the other two study areas. Mardan has 'ehatively little area planted to varieties 
released in the 1970s and still recommended (Table 3.7). The increase of 
reconlmended varieties in Mardaln has been o(verwhelmingly the Yesult of the 
diffusion of Pak-81. The area under "new, (ldon't know" varieties hals been particularly 
high in the last two years, implying t lat, althougzh the estimated area under Pak-81 

Table 3.6. Changes in the percentage area of recommended and other wheat 

varieties, cotton zone, Pakistan, 1985-89 

Varietal group 1985/86 1986/87 1987/88 1988/89 

New recommended" 19 27 3 1 

Old recommended' 	 35 32 71 81 

Banned/mixed 	 46 41 26 18 

Post-1978 releases 	 31 36 43 44 

a 	 New varieties are those released no more than five years before the survey. 
Recommende.: varieties are those recommended by the Varietal Evaluation 
Committee. "Don't know" responses divided into "new, don't know" and "old, don't 
know" on the basis of subsidiary questioning. 

Table 3.7. Changes in the percentage area of recommended and other wheat 
varieties, Mardan, Pakistan, 1985-88 

Varietal group 	 1985-86 1986-87 1987-88 

New recommendeda 	 24 40 3 

Old recommended' 	 17 5 51 

Banned/mixed 	 59 55 46 

Post-1978 releases 	 24 40 47 

a 	 New vi. : :es are those released no more than five years before the survey. 
Recomi. ,,led varieties are those recommended by the Varietal Evaluation 
Committee. "Don't know" responses divided into "new, don't know" and "old, don't 
know" on the basis of subsidiary questioning. 



in Mardan is about 30(+, the true proportion may he closer to 45;;. The latter 
percentage would make the diflfusion of Pak-81 in Mardan comparable to its spread 
in the rice-wheat area. 

Recommendations for Monitoring 
Several measures could improve identification of varieties in farmer surveys in 
Pakistan and elsewhere. First, more distinctive varietal names' could be chosen. 
Second, enumerators should he trained to record "don't know" responses and local 
names; farmers should not he prompted with the name of'a variet v that tile 
enumerator knows. Sam)ling designs could also improve. If cluster sampling is used, 
more clusters with fewer timers per cluster would improve sampling efficiency, as 
varietal use tends to he correlated over short distances." tlowever, large-scale 
varietal monitoring is likely to reinain a bylproduct of other suI'veys., notably those 
intended to estimate wheit production and yield. Agencies that monitor varieties, 
such as Pakistan's Crop Reporting Services, should he consulted to determine if their 
current sampling designs coulId, withImiiniral modifications, produce useful 
estimates for major croplling systems within large areas. 

Estimates of wheat varietal coverage should be ciirculated rapidlV and widely to 
policy makers, wheat breeders, and pathologists. In Pakistan, dissenrilnating these 
data in Febr'uary*VOl March would allow more irr-depth aissessruent ut the current crop 
and assist the Varietal Evaluation (Comlmittee and tlhe Federal Committee on 
Agriculture to recommend varieties and set se,.,d production targets. I'urthermore, 
CRSs in provinces other than the Punjab :;ould he encouraged to collect and report 
varietal data: varieties should be identifhd fillowing guidelines suggested above. 

Finally, special studies may occasionally need to be done in areas of interest to 
pathologists or epidemiologists. The special studies reported here, if' they are 
continued, will allow longitudinal analysis of varietal change within particular 
cropping systems. They will prove particularly useful if they are integrated with 
analyses of' other changes, both in wheat technology and within the cropping 
system."' 

9 	 For example, data from the studies reported in this ch-.pter show that planting of 
new varieties tended to be concentrated in some villages rather than to be spread 
evenly over most of the villages. 

10 	 For example, studies conducted by the Agricultural Economics Research Unit, 
Faisalabad, and the PAR(/CIMMYT collaborative program, have looked at the rapid 
spread of an earlier maturing basmati rice variety, and the use of'combine 
harvesters by larger farmers, in the rice-wheat zone (Sharif et al. 1989; and Smale 
1987, respectively). These changes may affect the choice of wheat varieties as they 
imply somewhat earlier planting dates for wheat. 



Chapter __ 
7 	 Wheat Seed Production and 

Marketing in the Punjab and NWFP 

M. Aslam Chaudhry, Paul W. Heisey, and Munir Ahmad 

Recommendations on priorities for varietal development are not likely to succeed 
unless the goals of the research program are integrated with those of the seed 
production and marketing system. Without sufficient seed of recommended resistant 
varieties, farmers simply cannot reduce their losses from rust diseases. This chapter 
describes seed production in Pakistan, focusing again on the Punjab and also briefly 
oil NWFP, to see how the systei has improved in the past and determine how it can 
be n, de more eflective in the fututre.' 

The Wheat Seed Industry in Historical Context 
Increased government involvement in procuring and distributing seed in Pakistan 
began with the establishment in 1961 oi"the Agricultural Development Corporation 
AI)C). The quantities of 'heat seed sold during the ADC period are shown in Table 

4.1. On 	average, that seed was enough to cover 2-4i of'the total wheat area in 
Punjab Province, although substantial amounts of'seed were sold in the late 1960s 
when seed of high-yielding varieties was first imported from Mexico. 

Under the ADC, pre-basic seed produced at government research institutes was 
multiplied into basic seed at ADC farms. Basic seed was multiplied into certified 

seed at registered growers' farms 
and then offered for sale to 

Table 4.1. Wheat seed sold in the Punjab farmers. However, coordination 
Province during the Agricultural 
Development Corporation period, 1965-73 between the research institutesand the AJDC was limited. The pre-

Wheat Certified seed basic seed provided to ADC was
 
seed sold as percent of total often insufficient and substandard;
 

Year (000 t) seed requirements the contract multiplication system
 

1965/66 12.2 3.3 existed in name only. 

1966/67 15.5 4.0 
1967/68 38.9 9.1 Because of alleged malpractices 
1968/69 24.2 5.3 and seed mixing during its first few 
1969/70 8.8 2.0 years, the ADC was not permitted 
1970/71 6.7 1.5 to commission agents for 
1971/72 9.7 2.3 marketing seed and had to set up 
1972/73 17.0 3.9 its own network of'47 bulk centers 

and 212 retail points throughout 

1 	A fuller treatment of this subject can be found in Chaudhry and Heisey (1987). The 
cooperation of Chemonics International Consulting Division in supporting this 
research is gratefully acknowledged. 
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the country. Stalling problenis led the ADC to recruit employees fr'om1 the military, 
but they lacked agricultural experience. Seed targets were established arbitrarily 
with little reference to market demand. 

These inadequacies comlbined to make the quantity and quality of seed ofered for 
sale to Chrmers unacceptable. The A)C was dissolved in 1972 and its funrtions 
relatin, to seed production and marketing were assumed by the provincial 
governments. In Punjab Province, Punjab Agricultural Development and Supplies 
Corporation IPAI)&SC) took over most of' AI)(-., assets and stall' and continued
 
operations.
 

Unflorturiately thbe new organizational structure did not rectifv the probleris that 
brought about A)(,'s filure. To replace the seed pr(duct ion syt:. em with ia modern 
seed industry thait would release new varieties and molt iply, process, certi'\, store. 
and market seed, the governierit inliiited a Seed Industry Pro)ject in 1976 with the 
financial and technical assistance of the \Vorld Bank. The *nain benefit ant icipated 
from the project was the higher crop yields toI)e obtained hy users of' iniproved 
quality seed. To implement the pro*ject, provincial seed Corprat ions were established 
in the Punjal) and Sind. O(e of thern, tlie PlunI jab Seed ('or)oratitnl S(C'. now 
riarkets seed for 12 crops, a Itblugh cotton lInd \whetl seed lre by f'lu' its dorn inalnt 
produtcL. 

The Present Seed Production System in the Punjab 
The PSC protduces p'e-balsic wheat seed at tile research institutes or at the 
Foundation Seed Cell, Klhanewal. )re-!,-ic seed is multiplied into basic seed at the 
P,;; fhrrns and supplied to registert- growers contracted by the PSC to produce 
certified seed. At all stages of' seed multiplication, standing crops are inspected by an 
independent agency, the Federal Seed Certification Departnent IFS('CD. Seed is 
procu'ed only f'rorn fields approved by the FS(,I). That agency also tests the purity
and quality of' seed during processing and distrilbution. In addit io to the routine 
seed certification te:;ts of the FSCD, the PSC has establishe(d its own Internal 
Quality Control Cell at each plant site. This system also tests seed at the fields of 
registered growers, in their stores, and at PS( plant sites or stores. 

Pre-basic seed production-3re-b,.,i seed of inipeccable quality is essential to a 
successiul seed program. In Pakist -in, pre-basic seed is produced at the research 
institutes two years allead of the cctified seed crop, under the direct supervision of 
plant breeders. To handle pre-basic seed production adequately, the research 
institutes have been provided with sophisticated laboratory equil)ment Under the 
Seed Industry Project. 

Because pre-basic seed is produced two years before the certified seed crop, 
production in year I depends upon certified seed requirements in year 1+3. Certified 
seed requirements depend upon anticipated seed demand and rate of seed 
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replacement. In the early years of the Seed Industry Project, breeders lacked 
resources to produce the quantities of pre-basic seed that were required. To meet the 
anticipated demand for certified seed, it was decided to produce two generations of 
basic seed at the PSC farms (2,370 ha in three farms at Khanewal and 70 ha at 
Sahiwal .This increased the cer'tified seed production cycle from three years to fouI. 
To shorten the cycle, a "Fotu ndation Seed (oll was established in 1980/8 1 at the PSC 
seed farm in }haniewal to pr(oduce pre-basic seed tinder b)reeders' supervision. Il the 
first three years of the Von odation Seed ('eli program, the PS(' share in pre-basic 
seed production increased from 20-40'1 to over 90, fromn 1983/81 onward. 

,
Basic seed production Basic seed is the pfgi of'pre-basic seed. To ensure the 
closest possible control over priducti on and bandling, basic seed is produced on lSC 
farms. The I)S('. aftir taking over the fui-,ns, levell,,d the fields and provided such 
resources as tubewell irrigation, tractors, agricultural machinery, and management 
and technical guidance tbr the tenanls. 

Area sown to pre-basic seed anid total basic seed production are shown in Table 4.2. 
Each variety's share in thit,total basic seed prOd uction plan has changed over the 
years as new vaieties have beeln int ioduced., Sandal, Lyallpur-73, ILU-26, and Ilari-

Table 4.2. Production of basic wheat seed at Punjab Seed Corporation farms 

Pre-basic Area sown Basic seed
 
seed for basic seed production Yield
 

Year (t) (ha) (t) (t/ha)
 

1976/77 2.8 52 183 3.51 
1977/78 5.9 79 291 3.68 
1978/79 19.6 273 991 3.63 
1979/80 6.8 128 456 3.58 
1980/81 8.3 86 313 :1.63 
1981/82 15.2 155 610 3.93 
1982/83 7.2 46 202 4.42 
1983/84 :31.5 132 4:36 3.31 
1984/85 114.2 685 2,569 3.75 
1985/86 153.6 617 1,834 2.96 

2 See Chaudhry and Ileiseyv 11987) or the project documents (World Bank 1976; PSC 
1977) foir assumptions used in phinning the Seed Industry Project. They imply, very 
roughly, a certified seed requirement of 70,000 L'yr for tile Punjab. Using fairly 
conservative assumptions about seed n.ultip1ic:otion ratios, this implies production of 
25-40 t of pre-basic seed each year. 

3 Details of pre-basic and basic seed l)poduction for each year by variety can be found in 
Chaudhry and Ileisey (1987). 



73 dominated the PSC seed multiplication program during its early years when total 
output was lower than at present. More recently, lPak-81, lunjal-81, and Blue Silver 
have been the leading varieties fiatured in the seed production plan. 

Certified seed production---''o improve reliability of'seed supplies and minimize 
managerial prohllms. fa rllers selected 1)v the IPS(' to produce certified seed must
 
meet certain standards. The criteria lo' Selection are:
 

" 	The grower should he cooperative, reliahle, financially sound, and prepared to
 
adopt recommendled farm (hevelopltenlt arid C'Op production practices;
 

* 	 The flatin unit of' the growerifamily should 1e at least 10 hia and preherahly directly 
cultivated: and 

* Farms should he near the seed processing plants. IProgressive growers with large 
mechanized farms lIcated filrther from processing plants are chosen occasionally.) 

There 1r'e cturrentl 572 l)S(C-registered growers. 31) in cattegory '''" a id 262 ill
 
category "'B.- The Pl.( enteirs into contracts with category'"B'- growers ol)ily il'the
 
totIll production targe-t is bey(ond the cap;cityv)f its categ o 
 "A" g'iiwers's. 

recent years, certified wheatt seed was produced n al iverage o)*f'19.))) ha (i'
 
category "A" ftarmrs' land ard 13.))00 hat belming to 


: Durring 

c,egory '"3- fliriers. 

The quantities of' wheait seed l)roctu)'ed 'romn rvgist(-re'l grower.s ar'e shown in 'Fable 
4.3. along with an ltargets fixed by the government and targets planned in the 
original P(-I (Seed Industryv Project schrin. Plro)duction of'ertified seed or fohur 
individual va)'ieties widely grown by\ birrers is also shown., The total amount ()i'
wheat seed procured )y the lM( ' rose 'from ,))) t in 1979/80) to -1,0)0) t in 1986/87.
Most of'this increase in cer'tifierd seed l)rocU'emerrnt o'cur'retl in the lS("'s first five 
years; it has levelled nfltsince 19881. The total aoLLnlt of''"inlpr'oved wheat seed' 
reported as distr'ibuted in the lnjah d(oubled from 1979/8) to 1986 97. from 2)2,000 t 
to the cur'r'ent figure ((over'nment of' Pakistan 1983). It appear's that in the early
yeairs of' lS( operation PA)&S(' was distrihbting seed that was nlot pro(duced hY the 
PSC." 

The PSC fell short of' p)'ocur'enlent targets everN year except flor 1979/80 and 1982/83,
when it sold all the seed it pr'ocurred. In 1979/80 the procurement target was very low 
compared to following years. It was PS(*'s first year in the market and marketing 

4 	 Further details of certified seed pir-duction by vlr'iety can le found in (haudlry and 
Heisey 1987). 

5 It is unlikely that much of'the non-PSC seed distr'ihuted was certified )v the PSCI), as 
this agency was established by the Seed Act of' 1976 and was prohahly not f'ully 
operational until the 1980s. 



eflorts were substantial in relation to tile amunt of seed procured. The year 1982/83 
was good because seed of'WL-711 and Punjal-81 was in great denmand, and PSC 
stocks consisted mainly of those varieties. 

The procurement targets from 1979/8(0 to 1981/82 were very much in line with those 
planned in the Seed Industrv Project appraisal report (C-I). But in 1983/84 and 
thereafter, targets fixed hy the gov1rnment and quantities actually procured were 
significantly bl.eowk thte targets planned in the PC-I scheme. 

The relationship between alImoLInts of certified seed piocured for the four' varieties 
listed in Tfable -1.3 and the area covered hr those varieties is shown in Figure 4.1. 
The same scales are used in each part oftht, figu re. The figure indicates that seed of' 
those fijur varieties coutilmleS to spread although certifitd seed production has 
diminished or stopped. For the ()lder varieties Blue Silv, r and WI,-7 11, it is dificult 
to establish the almourrt of time I(etwven seed prodluction and significant area 
coverage, especially since some seed of thost varieties was prohahly first distributed 
outside of the P'S(' lnetwork. For tl(mole recent release-s lP;ik-81 and lluujab-81 
area seems to have incre)'a.s(d,r )'pidlyrln)Out tw() ears af'le) the first large increases 
in seed production. 

Multiplication Capacity and Initial Multiplication Decisions 
In many seed multiplication schenmes, particilatirly in the (ear'lier stage of p)(dtct iol 
of, basic and pre-I)asic seed, seed r'ales arelowe' thal those usually cho'senI)l 'V 
farmers 1-ainson et al. 1982). The aim is no)t to maximize hiological yield 10or 
economic profit) hut rather the r-atio of seed outt put to seed iI)ut 'l'hoIrgh greateV
than-normal quantities of' other inputs may maintain yields (tBrennan and Apph,yard 
1982), some yield reduction is also a possi hility. 

Table 4.3. Certified wheat seed production (tons), Punjab, Pakistan 

1979/ 1980/ 1981/ 1982/ 1983/ 1984/ 1985/ 1986/ 

80 81 82 83 84 85 86 87 

Total 41.100 11,500 19,800 33,300 44,200 48,500 44,500 4:1,300 

Annual 
target 4,100 14,900 22,400 29,900 44,800 52,300 52,300 48,500 

Phanned 
target 4,100 14,900 22,400 26,100 62,200 62,200 62,200 62,200 

Major varieties 
Pak-81 -- -- -- 356 8,790 25,200 24,100 20,100 
Punjab-81 80 562 964 8,530 18,70C, 10,600 8,290 8,940 
Blue Silver 87 1,520 :3,910 7,440 10,400 8,99o 8,940 11,900 
WL-711 394 1,750 7,070 8,200 -.. ..... 



Certified seed 
(000 t) Area under 

25- Pak-81 Punjab-81 variety 

(000 ha) 

20- - 1000
I 

15- Cerified/
seed j 

( ('tified 

10-- 500 

5I u/der 

S vlriety %-'Yiet 

79/80 81/82 83/84 85/86 79-80 81-82 83-84 85-86 

Certified seed 
(000 t) Area under 

25 Bl WL - 711 variety 
Blue SilverI (000 ha) 

020-

20-----1000 

AItCI UndeT
 
15 Area underne /
 

variety / 

10- /-500
 

5- Certified Certified
 
#- seed seed
 

I Ti I I I I I 1 

79-80 81-82 83-4 85-86 79-80 81-82 83-84 85-86 

Figure 4.1. Certified seed produc'sn and varietal diffusion for 
four varieties, 1979-87. 

ii8 i 



The data in Tables 4.2 and ,4.3,as well as data For individual varieties, indicate that 
implied multiplication ratios from pre-basic to basic seed and from basic to certified 
seed vary greatly from year to year. Furtherinore. multiplication ratios from pre
basic to basic seed are often rather low. The fluirly good yields inTable -1.2 indicate 
that some aspects of production were careful ly managed on the PSC'seed firrms. On 
the other hand, seed rates implied I*y the second and third columns ol'the table are 
often high, even higher than "normal" seed rates fir irrigiated wheat in Pakistan. 
One explanation is that somle ofthe pre-basic seed does not ilneet standards for basic 
seed production. Another possibility is that some pre-basic se(ed is diverted froil 
basic seed production, either hecause production plans irvarietal mix change or fIr 
other reasons. Data f,r son- popular varieties, notahly tak-8I andIluimjah-8 1,also 
show rather low multiplication ratios. iiplying that div'ersions are not the result of 
changes in production plans. 

It seems that theil main cause of fluctuating multiplication ratios fro)m basic to 
certified seed is that the amount of certifled seed prO(cured is owinly determined by 
the government's procurement target and PS( 's perception oiffmw 111e0i seed it can 
sell, rather than by the am0unt (If basic seed available froi() the previous pro)duction 
cycle. In years when the ratio of certified to hrsie seed is low, either some hasic seed 
does not go into certiiled seed prO(fucti) n. so)me eseed p rodu(ed 1) rgist(ered gmrowers 
does not -,,et certification standards, or seed produced )vregistered growers is 
simply not procured by the IPS(' (On the ot her hand. inyear's when the apparent 
ratio of certified to hasie seed is high. the PS(' may have pr'oc(u1red certified seed 
indirectlv froim Iharners who were not issued )asic seed for in1Itiplication under 
contract, if' tle seed they prodluce( met cer'tification st andards. 

Given the area ISt now has available f i1 basic seed pr'odLoction and the number of 
its contrart growers, the corporation cleai'lv has the capaity to meet total wheat 
seed production targets. But the PSC generally f()lows a conse rvative approach and 
procur(,s only as much seed as its managers Feel can be sold, with soime reference to 
the anrnual seed production targets fixed by the Federal 1'orninittee on Agriculture. 
The targets are generally based on the aiount of' seed sold and oin targets assigned 
in the previous year. The PS( is not a member of' the Federal (Committeeoin 
Agriculture, and constraints faced by the IPSC in procuring and selling seed are not 
taken into account when targets are set. Too high a procurement target can lead to 
procurement of seed that does not meet seed certification standards or is of 
unapproved varieties. 

The PSC can now make 8.000-9,000 t of seed il'individual varieties available to 
farmers three years after release (as it did with Pak-81 ) or even two years after 
release when release seems to have been anticipated (Punjab-81 ).There may be 
several ways to increase seed production capacity, but doing so requires early 
decisions about uhich varieties to multiply. Past coordination of' varietal choice 
between the government and the PSC has not )een encouraging: procedures for 



selecting, retaining, and withdrawing varieties fio,: seed multiplication and 
distribution have not been understood clearly by all parties. Although the seed 
productic-n cycle takes three to fimr years, decisions to retain or reject a variety are 
made yearly. 

For example, in 1981/82 tie Ministrv of Food and Agriculture (MINFA) and PARC 
recommended that Blue Silver, Bahwal pur-79, Sandal, P'ari-73, and Indus-79 be 
grown for only one year. and only in specified limited zones." But tie next year PSC 
was asked to multiply those varieties again, because replacements for them were not 
Firthconiing. In another instance, during 1981,,82 the variety WL-7 Il was not
 
allowed to he distributed because it had be-,n banned, but l)S(' 
 had to procure it
 
because it -,%as already planted with cootrat growers.
 

(One rea..un f01' the l)S( ' conselvatisll in ulItiplying recently released varieties is 
that breeders and the seed corporation have limited knowledge ofa variety's 
acceptability to farmers. Breedlers attemupt to evaluate pr'nnising materials by
 
planting them in microplots in fill'fliers' fields. After that, lines )roposed Fro release
 
are 
tested 1b,"two years in the National tnifwrn' Wheat Yield Trials INtVYTs ). Plot 
sizes in the microp)lot trials and the NI!WYTs are too small fow farnier evaluation. 
Also. fo,' brreeders to ('valuate the niaterials properlv, the level of llanagelneit lUst 
be somewhat more intensi'e than the Inaig,.ment farmelrs usually provide. Since 
fharmers' reactions 1rVnot recor(de(d. breeder's and the )SI' have little information
 
about a variety's commercial possibilities a''a wide area.
 

Seed Processing and Quality Control 
Seed processing includes drying cleaning, grading, and packing. Under the Seed 
Industry Project, three seed processing plants are to he installed, one each at 
Khanewal, Sahiwa I, and R.Y. Khan. Each plant will have the capacity to process

about 27,600 t of wheat seed. 'The 
 plant at Khanewal has been in operation since
 
1985, but the other two are not vet functional. In it meantime, the PSI' uses other
 
processing methods. such as cleaning wheat seed with locally made sieves.
 

Total planned storage capacity in o(pen stol'ilge and silos will be about 43,000 t. 
Currently the PS( stores about 22,000 t Of wheat seed annually in its own facilities 
and hires warehouses, some of' which cannot be fumigated properly, for storing the 
remaining seed. 

The Industry Council fr Development Ill'l) report on Pakistan's seed industry 
11987) notes that the assumption that a seed certification law addresses all 
consumer protection issues is not justified. The apparent lack ofconsunier protection
laws at the retail level provides merchants with the opportunity to mix noncertified 
seed with high-quality certified seed. However. despite current problems with seed 

Indus-79 never achieved commercial success. 6 



processing and quality conti ,l,two recent studies conducted by the Punjab Economic 
Research Institute (PERI) and the PSC (Sharif et at. 1986; PSC 1986) indicate that 
801,', or more of farmers sampled throughout the Punjab were satisfied with the 
quality of seed supplied by the P(C. Tne PERI study referred specifically to wheat 
seed. The PSC results might b- Iiased positively both because the quality of cotton 
seed oroduced 1b'the PSC is exceptionally good and hecausc the survey was done by 
PSC field staff, who were also responsible for i:rocuring and distributing seed. Even 
though few coriSn'ume's ;lt')ar to comllain about the quality Of"PSC wheat seed, 
consum1.er protect ion l1,aSur'es shauld )est reIgtheetd. 

Seed Marketing 
The distribution network-The PS(' s.,lIs it ,seed tlrough public and private 
organizations. At first tlie PS(' used the retail outlets of PAD&SC, but as it 
expanded it liegan selling seei through p'ivate dealers, its own outlets, and hranches 
of the Provincial ('ooperativye Bank. The PAL)&SC "lso markets seed through private 
dealers who are prinarily agents for PAD&S(' fertilizers. 

Between 198 1 and 1986 tile ntLiber of 'PS(' otlets increased frin under 400 to over 
900. These may be viewed as potential outlets, as the a mount of'seeL handled per 
outlet varies widelv. The largest market share in 1985/86 was held by PAD&SC, 
which handled 59( ; of' I )5(( wheat seed sold in the 'unjab. Thes, sales were made 
through 186 PAl)&S(C sale depots as well as some of'the 581 private dealers carrying 
PSC seed. The rest of the pr'ivate dealers, who receive seed directly from the PSC, 
accounted for 27 ; of the Punjab market. Most of the remanining seed, approrximately 
1-*;, was sold by 11 PSC sale depots located either at .2ed processing plant sites or 
divisional headquarters. Although 140 Cooperative Bank branches supposedly 
handle PSC seed, less than '; of the seed sold was marketed through the bank. 

A geographic breakdown of'sale points shows that private dealers and PSC depots 
are concentrated in tile cotton zone, suggesting that PSC depots are more likely to be 
located in areas where a mi'e profitable product. cotton seed, can he nmarketed. The 
concentration ofPS( depots ( ut of' I I in the cotton zone is also influenced by the 
fact that PSC farnis and seed processing plants are located there. 

The PAD&SC has had difficulty establishing itself as an effective institution for 
marketing agricultural inputs. Its riarRet shares for its two major products, 
fertilizer and seed, have declined w ith time because of the private sector's increased 
involvement in marketing inputs. That. trend has led the PAD&SC to reduce its sale 
points by about half in recent ?'eirs and has diminished the PSC's enthusiasm for 
selling its seed through the PAD&SC netwo'k. But it is awkward for PSC to decline 
to use PAD&SC as its distributing agent: the two organizations share the samc 
Chairman and Board of I)irector,,, and the PSC has not developed an a!ternative 
marketing arrangement although it has been in business For alnost eight years. 
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Srie of these problems are rellected in the dealings of tile two public sector 
organizations with the network of' private dealers. A majority of the private dealers 
selling seed are PAD&SC agents. When they come 'o PAD&SC stores to get 
fertilizer, they are sometimes required to take seed as well. Private dealers who deal 
directly with the PSC received a commission of Rs 12 per 90-kg bag in 1985/86, hut 
those selling seed fbr the PAD&S(' received Rs 8 per 90-kg bag. The PAD&S(' 
retains the balance of|the PS( commission to Support its own operations. 
Furthermore, these commissions, even after a increase betweenI100'(' 1985/86 and
 
1986/87, are still less than 5' of final product price. (ommissions ol fertilizer are
 
nearly 201';. The PAD&S(' dealers 
are pariticu larly tnlhappY with the situation. 

Management of seed distribution-- FBefbre the selling season hegins, the PS(' 
asks its dealers, private and public, ahout their anticipated demand and ,ter 
transports the seed to d(alers' stores at its own expense inaccordance with a 
mutually agreed upon supl)lV schedule. As the season proceeds, supplies are adjusted 
depending on the market. 

Seed is supplied to pullic sector agencies and private dealers on a "cash and carry" 
basis as a matter of policy, but in practice the requirement is usuallyx' relaxed hor 
public sector agencies. Some private dealers who have established their 
creditworthiness with the l)S(' also receive seed onl credit against guarantees. 

The PS(' pays tile same rate ofcommission to all (istri buting lg',this with whom it 
deals directlv. If'some of|the stocks supplied to (list ributors are not sold, PS(C takes 
them back at its own expense and refunds the dealers. The PSC is considering
 
ending this policy to avoid transtportatiOn costs, hut such a change would discourage
 
PSC agents f'rom requesting more seed. Already some dealers state that the PSC is
 
reluctant to take back unsold stocks.
 

Most dealers handling PSC seed are dissatisfied with the corporation's seed 
distribution. Poor planning and coordination )etween the marketing staff and stores 
staff mean that seed supplies are often delayed, quantities dispatched sometimes 
exceed quantities retjuestetd, or seed is sent to a geographic zone fbir which it is 
inappropriate. The quaI litV of' packing material is reportedly 'very poor. All of these 
factors negatively affect the total sales v'ol ume at the i'etail level, coin pounding the 
problem of unsold stocks. 

All marketing activities of the PS(' are supervised by the staffofthe Marketing 
Division, where one assistant manager is l)resently responsible For monitoring seed 
sales in three districts. If' sales are to be suipervised effectively, the number of' 
marketing field staff must be ;ncreased, as this area is too large fbr one person to 
covell. 



Total sales--PresentlV, tile PSC produces approximatelyv ,1- ,000 t of* wheat 
seed-about 70'G( of' the demand fbr certified seed planned in the original project and 
about 9%7 of' the total annual provincial demand (Table 4.4). Ten percent of annuL
demand might not be too different from wheat seed production in other parts of, the 
world (J. Longliire, personal communication). 

In 	the early years of the )S('. almost all of the corporation's wheat seed was sold in 
the cotton-wheat zone, particularly in Multan l)ivision. Ti proportion of'seed sold 
in that zone has fallen steadily but, even in 1985/86, Multan and Bahawalpur 
Divisions, with 30' of' the total !)unjab wheat area, accounted fbr ,4:v; of"PSC wheat 
seed sale1s. The concentration of, both seed l)rpr(tiction and retail outlets in this area 
is certainly responsulde for the zone's large share ofsales. 

Even though it obtains quantities of seed smal ler than the targets assigned by th2 
government, the PSC in some years does not sell all the seed it procures and offers 
the remainder fbr sale vs grain in the open market. The PS( has been uinsuccessf'ul 
in selling all its seed stocks for several reasons. First, prOcurement targets are set 
arbitrarily. Second, the seed marketing system is inefficient. Improved marketing 
requires greater coordination letween units within the PSI' and better planning of 
which varieties to lIr(duce and where to market them. Finally, neither the seed 
project planners nor I)SC management have resolved the aims and principles of'seed 
pricing in the marketing process. The implications of this last problem are discussed 
next. 

Table 4.4. Procurement and sale of Punjab Seed Corporation wheat seed 
(tons), 1979-86 

Year Target Procured Sold Balance 

1979/80 4,100 4,100 4,100 0 
1980/81 14,900 11,500 10,000 1,500 
1981/82 22,400 19,800 19,600 200 
1982/83 29,900 33,300 33,300 0 
1983/84 44,800 44,200 41,100 3,100 
1984/85 52,300 48,500 48,500 0 
1985/86 52,300 44,500 41,000 3,500 

7 	 Total sales figures include seed sold to other provinces and exported to other 
countries. However, the quantities sold to other provinces and countries have been 
small relative to total sales. 

8 	 A breakdown of sales by districts within the Punjab can be found in Chaudhry and 
Heisey (1987). 



Currentpricing and subsidies--The PSC, like many other quasi-public 
organizations dealing in seed, tends to base pricing decisions on costs. Before the 
selling season, the PS(' Marketing Division proposes the sale rate of' seed, which is 
usually approved by the Board of' Directors. The sale rate is fixed to recover the 
actual expendittre incurred in procurirg, storing, and handlig seed. To ensure the 
PSC's financial viability, a corporation margin is added to the end price of seed. 

Various cost items that enter into the calculation of'the retail price of' seed ,ore 
:;hown in Table 4.5. Alt bough the pr()cureinent price of wheat has increased by 60C1 
since 1980/81 and the prem iulin paid to contract growers has stayed constant during 
the last five y,ears, it i, dilflicult to i 'terpret changes oveT time in Other costs. The 
lPS( distributes nost of'seed handling and ot her operating costs over wheat and 
cotton seed, so one( easorn for irregulhr changes in the cost structure ma' lhe the
 
variation in total volume of wheat and cotton seed that is procured and sold.
 

Nonetheless, it is hard to unde'stand why'v the corporation margin is charged in one 
year a!nd not ii another; how it differs froni corporation overheads; or how 
distribution costs can stav const'1 nt over tim)e when total quantities handled, 
transportation costs, and wage rates are all increasing. Also, it is important to note( 
that the commission paid to dealers was Its 12 per 9)(0-kg bag instead of R, 8, the 
figure used in calculating the 198(/87 sale rate. This discrepancy may result from 
inconsistencies noted earlier in tle actual coii mliission that is paid to the final 
dealer. 

The price of*wheat seed was sabsidized fir the first six years of' the Seed Industry 
Project. The government subsidy was gradually reduced after 1983/84 and ended 
completely in 1986/87. There may still be a small element of cross-subsidization 
within the PSC, which assigns a smaller share of' corporation overheads to wheat 
seed than to cotton seed )ecause farmers are relatively more willing to pay Fbr cotton 
seed. Furthermore, the initial fixed costs of establishing seed fhrms and processing 
plants are not reflected in the price of'seed. 

When farmers change wheat varieties, their willingness to pay fi'"seed is fhirly high. 
However, foir a given variety, incremental benefits associated with the use of' certified 
wheat seed may not always be enough to support a high seed-to-grain price ratio if a 
farmer has only been planting a variety fir a few years or can purchase fairly good 
seed from a neighboring farmer. The PSC should recognize that, although it enjoys a 
monopoly in the certified wheat seed nmarket, it cannot increase the price of' wheat 
seed without adopting a more aggressive marketing strategy that emphasizes 
varietal replacement. 

The PSC does not have a marketing re,;earch unit and bases its seed production and 
distribution plans on historical trends. Furthermore, no regular information is 
collected about why one variety is preferred over another in a particular cropping 
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Table 4.5. Prices and costs of wheat seed (Rs/90-kg bag), Punjab, Pakistan,
 
1980-87
 

1980/ 1081/ 1982/ 1983/ 1984/ 1985/ 19W 
Description 81 82 83 84 85 86 67 

Procurement price 112.50 130.50 1:30.50 144.00 144.00 157.50 180.00
 

Premium Lo growers 9.67 11.25 11.25 11.25 11.25 11.25 11.25
 

Procurement cost" 16.57 15.36 14.11 15.12 15.75 15.14 13.86
 

Cost of jute bag 14.00 11.75 12.40 13.25 14.27 15.40 15.73
 

Sieving losses" 0.00 0.00 4.68 3.40 3.42 3.66 4.10
 

Distribution cost" 7.10 7.10 7.10 7.10 9.48 10.99 8.30
 

Commission to dealer 5.00 5.00 5.00 5.00 6.00 6.00 8.00
 

Interest on capital" 9.02 8.16 10.13 11.92 11.97 12.87 14.36
 

Corporation overheads 6.94 5.49 7.79 7.48 15.04 14.58 13.20
 

Corporation margin" 4.83 0.00 0.00 5.36 5.40 5.82 0.00
 

Total cost 185.63 195.03 202.96 223.88 236.58 253.21 268.80
 

Subsidy 15.63 18.03 18.03 18.03 11.56 6.21 0.00
 

Sale rate 170.00 175.00 185.00 205.00 225.00 247.00 269.00
 

a Include4 filling, weighing, stitching, stacking, loading, unloading, transportation from 
grower's field to plant site, storage, sieving, fumigation, transportation from plant to 
stoes, workcharge staff, taxes, and market fee. 

b About 2% of "total procurement price" (procurement price + premium + procurement 
cost). 

c Transportation from PSC stores to dealers' store, loading, unloading, stacking, and 
taxes. 

d Charged on "total procurement price" for six months. Interest rate ased was 13% in 
1980/81 and 1982/33; 10.5/ in 1992/83; and 14% from 1983-84 onwards. 

e About 3-5% of "total procurement price." 
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zone. Sales promotion is weak. The PSC has been in the business for nine years, yet 
the brand name of its p'oduct has not been established. All of these factors suggest 
the need to establish a sOong marketing research unit capable of regularly 
generating infbrmation and analyzing marketing problems. If such a unit is 
established, a reorganization of'existing procurement and marketing field staf' 
would be appropriate. 

The Wheat Seed System in NWFP: Production and Distribution 
The Agricultural 1)evelopment Authority (AI)A )f North West Frontier Province 
(NWFP), which is also 'esponsible flor the supply of' other agricultural ilnputs in 
NWFP, organizes the production of'certilied wheat seed in the province." In theory, 
the system works as follows. PTre-hasic sed is provided 1)V wheat breeders fIro)m the 
research ins'titutes, notably the Cereal ('rops Research Institute WC(1(RI , Pirsabak. 
Basic seed is grown on government lairns run by agricultural extension. Certified 
seed is produced )Nregistered growers, who are private farmers. Both the Federal 
Seed Certification Department and representatives of the ADA inspect the seed at 
all stages of the process. 

If'growers clean seed, they receive a higher pi ice premium. Both the growers and the 
ADA primar'ily use hand sieves to clean seed. T!-e ADA ownis no storage facilities and 
hires privately ()wned storage. Seed is fumigated, and though there are some losses 
in storage, they have been minimal. 

The ADA maintains some 25 to 30 sale points through(,ut NWFP. The amount of' 
wheat seed moving through these sale points varies widely. In recent years one-third 
to one-half' of the total wheat seed distributed by the ADA has passed through the 
two distribution centers in Mardan District, the district covered in the surveys 
reported in Chapters :3, 5, and 6. 

The smooth flow of seed from pre-basic through certified production to the farmer is 
often interrupted. Though the ADA mrwetin.eq cannot market a substantial portion 
of'the wheat seed it procures, in the recent past there has been a strong demand for 
seed from various development projects in the province. This demand has led to seed 
diversions before the certified stage, at times forcing the provincial research 
institutes into the role of seed supplier.1 ' 

9 	 During 1986 PSC did carry out a large-scale, farm-level survey to find out farmers' 
preferences about seed varieties, packing sizes, and publicity media. Survey faroersA, 
who may have held somewhat more land than the average, were located throughout 
the Punjab. Data were tabulated but no further analysis was made. 

10 	 A fuller treatment of the NWFP wheat seed system can be found in Heisey et al. 
(n.d.). 

11 	 This phenomenon has been more pronounced for maize seed than for wheat seed. 

http:mrwetin.eq


Total wheat seed procured by the ADA between 1982 and 1986 has been about 3,000 
to 4,000 t (Table 4.6). V'arietal procurement has concentrated on Pak-81; Blue Silver 
and Lyallpur-73 are the other major va rietie '. Up until 1985/86, a substantial 
proportion of this seed was bought from the Pn.ijab Seed (Corporation i PAC' . hut in 
1986/87 the Ai)A was successful in obtaining its entire requirement from registered 
growers in NWFP. Ihe amount of'seed procured has ranged between 4 and 514 of'the 
total annual Wheat seed reqtlirenlct of the province, comparable to the situation in 
the 	Punjab in the late I M0s atid early I970s ('hapter 4). 

Wheat seed targets for NWFP3 and the problems of unsold seed-Many 
assum pticns must be made in settillg s,ed targets. Wheat seed is not replaced every 
year because .rirmers maintain their owl seed: a (esirable target fbr seed turnover 
might be every live years (('hapter 2 1.Farmers in rJiafed areas are more likelv to 
grow older tall varieties for which seed is niot supplied t)y the fbrnmal seed system. 
Furthermore, the particular prol)ems of marketiing seed to smiall fhirmers make it 
difficult to inaiintain much eff'ective (hdeleld tr-frm the very smallest fhrmers. In 
NWFP, a gr,,ater proprtiorl of the wheat area is ulirrigated thall .n1any other 
province: furthermore, fam size is much smialler than inl the Ilum.jab. These factors 
suggest that a rea:,onaible target for certifed wheat seed procurement as a 
proportion of total seed use might be lower inl N\VI'i' than in the LtunJab. 

There is no substitute for a thorough seed plannling exercise. Nonetheless, applying 
the same assumptions used in the PSt' planning document (see ( haudhry and 
Heisey, 198712l would imply a annual certified seed requirement for NWFP of 
8,000 t. Reducing this amount by*Va further 25'; to reflect the lower demand caused 
by very sial! fhrm size and remote farm locations in NWF3 suggests a target of 
around 6,000 t per annum For wheat seed procurement by the ADA. 

Table 4.6. Wheat seed (tons) procured and distributed in NWFP by the 
Agricultural Development Authority 

Variety 	 1982/83 1983/84 1984/85 1985/86 1986/87 

Pak-81 54 2,138 2,170 2,450 2.041 
Blue Silver 1,253 688 731 763 523 
Lyallpur-73 454 54:3 270 344 464 
Pirsabak-85 -- -- -- -- 116 
Others 1,412 668 181 8 206 

Total procured 3,173 4,037 3,352 3,565 3,350 
Total distributed 3,069 3,402 2,959 2,254 2,945 

Source: ADA, Peshawar 

12 	 In particular, taking into account the high proportion of unirrigated land or the 
lower percentage area planted to high yielding varieties in NWFP. 



Seed production is, as noted, a somewhat greater constraint to the adequate supp'
of' wheat seed in NWFP thmn in the Pun jah. Yet in NWFP, as in the Punjab, the 
inability of the seed Uthority to market larger quantities of seed has also been a 
major constraint to greater seed pr:dtct iOn. In I 985/86 one-third ol the wheat seed 
procured )y the ADA reinained lu.-old, leading to considerable concern anrong 
provincial authorities, as unsold stocks are lut on tile open grain market. The losses 
incurred are reflected in increases il the0 next year's so - price. in 1986/87, tile gap 
between procurement and (list riblrtioni narrowed again, largely be cause of' 
substantial purchases )y dev.lol)init Iprojects. A single project alone took :30"; of' 
the total provincial procurenmenit. The provincial goverlimit also reinstituted the 
practice of (list rihlrt ing s5ole( certifitl wheat s(e(l through agricultural extension. 

Seed Pricing in NWFP--Seed )y aN.pricing is determined adding storage and
 
distribution costs to tile wheat grain price and tile premiiuni paid to the registered
 

growers. )espit e this stated pricing 
"Fable4.7. Price of certified wheat seed, policy, seed prices in recent ye, i's 
NWFP have been nearly identical to the seed 

prices of' the PS 'ITabiles 4.7 and 
Rs/90-kg Seed-to-grain .1.5). 'Ihis in eflect intust tIe an sone 

Year bag price ratioa hidden subsidies, as the grain price is 

generally higher in NWI'l than it is
1984-85 2,13 .+t in the IPnjalb. F"u:'thermore, if' the 
1985-86 247 1. 16 alternative to Al)A seed is seed fr'on 
196-87 266 1.24 the PS(', seed prices in NWI"P should 

Sources: ADA, Peshawar; Agri( * l tend to be higher Icause of 
Economics Research Unit PARC) at transportation costs. The higher 
Tarnab, Peshawar grain price in NWFP also means the 

seed-to-grain price ratio is lower in 
a This figure is based on the price of grain NWFP than in the Pun jah. 

in Mardan )istrict. 

Conclusions 
The system of' multiplying and distributing improved wheat seed has changed f'or the 
better in the Punjab under the FSC and in NWFP, but there is room for 
improvement. Pakistan and other countries could benefit from long-term planning in 
determining absent fr-om seed production policy. Furthermore, coordination among 
institutions that formulate policy and those that implement seed production 
programs is essential. For exam)le, since the seed production cycle in Pakistan 
presently takes three to four years. seed production policy should be planned and 
implemented accordingly. Possible changes in seed production planning include 
streamlined varietal testing, multiplication Of*promising lines bef'ore they are 
released as varieties, and greater coordination between the PSC, the Varietal 
Evaluation Committee, and the Federal Committee on Agriculture. 



Actual physical capacity to multiply seed is the least binding constraint faced by the 
PSC, although production and processing might be improved. For example, 
multiplication ratios could be improved either through changing agronomic practices 
or reviewing quality standards to ensure they are not overly stringent. The location 
of seed production ,arms could be diversified and seed could be increased out of 
season. Unfinished seed processing plants should be completed. Because improved 
marketing will increase seed demand, these physical production changes may 
become more urgent in the future. 

In 	Pakistan some possibilities fbr developing a well-coordinated, integrated, and 
expanded seed marketing system include: 

" 	Offering higher, unifbrm commissions to final sales agents; 

* 	 Relying more on private sector seed marketing; 

" 	 Relaxing the "cash and carry" condition to some extent; 

* 	 Closer PSC monitoring of its production and marketing costs; 

* 	 Experimenting with smaller packages, more distinctive packaging, and greater
 
sales promotion;
 

" 	 Taking more realistic approaches to seed certification and consume
 
protection;
 

* 	 Improving coordination between various sections of the PSC, especially stores and 
marketing: and 

" 	 Conducting more regular market research. 

Expanding the seed distribution network and offering greater incentives to retailers 
will necessitate increasing the final sed price. Marketing margins will have to 
become consistent with those presently offered for fertilizer in Pakistan and for seed 
in other countries. Seed prices in Pakistan are currently low relative to grain prices. 
The ratio of seed price to grain price is 1.5, compared to around 1.7 fbr developing 
countries worldwide. In many Asian countries, including India, the ratio is 2 or more 
(Gregg 1983; Singh 1985; Katyal 1987; Tunwar 1987, yet wheat varietal replacement 
is faster in the Punjab of India than in the Punjab of Pakistan." Experiences in other 
countries suggest that private dealers generally require a margin of 2V9( to 
encourage them to participate in seed marketing. This is at least double what 
dealers currently receive from PAD&SC. 

13 Contract growers in India also receive higher premiums than in Pakistan. 

H 



Even if the price ratio were raised to 2 (for example, by paying 151'( commissions to 
retail dealers and registered growers), for farmers the desired time period Ior 
replacing the varieties they grow would not rise to more than six or eight years 
under reasonable parameter assumptions (Chapter 2). If higher seed prices make 
seed more widely available and allow greater promotion of' seed, it is highly likely 
that the aggregate weighted mean age of' varieties will decrease. Even if' the varietal 
life span favored by farmers were as high as eight years, mean age of varieties would 
decrease if time between a variety's release and availability to farmers were reduced 
to four years or less, an entirely reasonable goal for the seed system. 

Hl
 



Chapter 
Farmers'Seed Sources and 
Seed Management 

Khaleel A. Tetlay, Paul W. Heisey, Zulfiqar Ahmed, 
and Munir Ahrnad 

Efforts to improve tile pace of varietal replacement will benefit from information 
gathered at the harm level to (letermline where farmers get the wheat seed they use, 
where they get seed when they decide to change varieties, and how they manage seed 
retained from their own fields.' Data for the study descrihed in this chapter were 
collected in 1986 duringt he survev of constraints to the rapid diffusion of new, 
disease-resistant wheats. Social scientists from the IN'vkistan Agricultural Research 
Council WAI( ' admintistered detailed interviews to 1-16 fiarmers in tile 30 villages 
selected in the rice-wheat zone; 1-19 fIarmers in the 30 villages in the cotton-wheat 
zone: and 99 fhrmers in the 2(G villages in irrigated Mardan. (Survey locations are 
depicted in Figure I. 1. i lulthe' details about the sourveys can be found in Tetlay et 
al. ( 1987c). 

I)ata from the three survey areas are broadly similar but nevertheless reveal certain 
contrasts. Some diflerences relate to the fact that the seed system in North West 
Frontier Province (NWI,'I is more rudimentary than in t he Punjab. Others relate to 
contrasts between the two croppi ng areas in the Ilunjab (recad! that seed production 
and distribution in the lPunljab is particularly concentrated in the cotton zone). Seed 

Table 5.1. Seed depot density (retail 
seed outlets per 100,000 ha of wheat) 

Punjab Province 

Rice zone tShekhupura, 

Gujranwala, amd 

Sialkot I)istricts) 


15.1 

8.8 
Cotton zone (Multan, Vehari. 

and Bahawalpur )istricts) 22.6 

NWP 
Mardan District 

. 
2.1 

Note: 	 Cooperative Bank Outlets are not 
included in the Punjab, since they 
handle very little wheat seed. 

dlepot density cannot be calculated 
exactly fbr the three survey areas 
because data on depots are only 
available at the district level. However, 

if"we calculate density of seed outlets 
for the districts where the survey areas 
were located, the results confirm high 
were it the ot t son r igh 
density in the cotton zone ard low 
density in Mardan (Table 5.1 ). Another 
difference aniong the areas is that 
newer wheat releases w,,rc more widely 
diffused in the rice zone than in the 
cotton zone at the time of the surveys, 
largely because WL-711, a high
yielding, well-adapted but rust 
susceptible variety, was dominant in 
the cotton zone. 

1 A more comprehensive account of this research can be found in Tetlay et al. (1987a) 
and Heisey et al. (n.d.). 
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In this chapter and the next, "new v'arieties" at the time of'the 1986 stlrvevs are 
those released in 1979 or tht'reafter. since those varieties were in llrost cases ill the 
initial stages of'adoption. When the survey was taken, Pull'jah-8 had alreadyv heen
hanned north of' Faialahad hecause of'st ripe rust sasceptihility Ii.e. in the rice zolle, 
where it is grown, and in Ma rdan, where it is not 1, but it is included as a new variety
iecausei the factors infliueicing its adoption reselnbhe those influencing tile adoption 
of'other new varieties.-

Farmers'Sources of Wheat Seed 
In all thre areas, the ilost common source of' wheat seed planted in 1985/86 was
 
seed retained fr tie prvious year's crop ( Figure 5.1l. 
 Roughly one-fifth to one
quarter of the firrers got their seed from other farmers. Some I0, or fewer 
purchased sed at a depot. 

An (xaminat ion of' sule of the more popular varieties in each zone clarifies patterns 
ofSeed aii(ISition. ()hviou.SlV. fharneI'rs pl~nting older varieties were more likely to
 
have been plantir g themn longer and to he using retallined seed. On tilt other hind(],

farmers planting new varieties were mor, likeiv 
to have obtained their seeid f'r'orri a
 
seed depot. Son
r evidernce indicates that the source of' sed of new varieties, notahlv 
lPak-8 1, was more oftlen other f'arners, whereas seed otifld varieties was less likely 
to ho' htained from other fiirn Irs (Tables 5.2 to 5.4 ,. 

Initial Seed Sources for New Wheat Varieties 
Patterns of.seed acquisit ion hecono' r11o1'evident if we look at farmers' sources of 
seed for new varieties I/ /i'stlime thtey planit thero. As expected, Seed depots were
the major initial seed Soiur'Ce for farmlners iI the two Zoles in the Pun jab hut were 
much less important in Mardal0, where the seed system is less developed. Looking at 
all three zoors together, it is apparint that other failrlers WTi'e the Soutce Of seed for 
about half tl( farmners who started growing a new variety ( Figure 5.2). 

Some f'lrnlers in Mar'dan first got seed of' new varieties fromn'esearch or extension. 
The "other" category in Marda n usually r'efers to cases in which f'ar'mrers said they 
got seed at a depot, hut did not know tht, depot's correct location: it is likely that 
Sonie of that seed camtle from iresea rch or extension. 

2 	 In recent years, Punjah-81 has been declining in ar !a in the rice-wheat zone both 
because the PSC no longer makes its seed availabhl there and because it has proven to
be particularly susceptible to shattering (see Chapter 3 and Chaudhry et al. 1985). 

3 	 The "other" category for the two Punjah refers to farmers who got seed fr'om azones 

variety of sources. In Mardan, the analysis was done by fields, so SoUrces did not
 
overlap. 
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Table 5.2. Sources of wheat seed of new varieties and other popular varieties 

currently planted, rice zone 

Percentage of farmers 

Source Pak-81 Punjab-81 Blue Silver Yecora Sanded 

Own 17 39 76 85 56 
Other farmers 39 21 5 -- 12 
Seed depot 20 15 5 -- 4 
Shopkeeper/ 
grain merchantOther 717 6.8 5..9 15 28 

Total 100 100 100 100 100 

Table 5.3. Sources of wheat seed of new varieties and other popular varieties 

currently planted, cotton zone 

_ Percentage of farmers 

Source Pak-81 Punjab-81 Bahawalpur-79 Blue Silver WL-711 

Own 37 52 -Th 67 70 
Other farmers 26 19 39 12 20 
Seed depot 32 2-1 - 8 
Shopkeeper 
grain merchant -- - 4 2 --

Other 5 5 4 	 10 10 

Total 100 100 100 100 100 

Table 5.4. Sources of wheat seed of new varieties and other popular varieties 

currently planted, Mardan 

Percentage of fields 

Source 	 Pak-81 Blue Silver SA42 "Mexipak"a 

Own 35 53 56 81 
Other farmers 35 3735 19 
Seed depot 15 12 --
Research/extension 15 -- -. 
Shopkeeper! 
grain merchant -- -- 7 --

Total 	 100 100 100 100 

a 	 "Mexipak" is often used as a generic name for semidwarf wheat in Mardan; it 
usually refers to an older high yielding variety that the farmer has been growing for 
a considerable time (Chapter :3. 
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Farmers who first acquired seed of new varieties from the depot tended to he larger 
farmers (Table 5.5), whereas smaller farmers more often got seed of new releases 
from other farmers. In Mardan. because of the smaller numbers involved, research 
and extension are grouped with the seed depot as an initial source of seed 
because they represent a formal institution rather than the in fbrmal but powerful 

Table 5.5. Farm size and percentage 
farmers using new varieties who 
initially got wheat seed from seed 
depot/research/extension 

Farm size 
Zone (ha) 

Rice zone < 10 ha 
> 101a 

Cotton zone < 10 ha 
> 10 ha 

Mardan < 10 ha 
> 10 ha 

Farmers 
(%) 

22 
6 


43 
6 

19 
71 

Note: Research/extension applies only to 
Mardan. 

mechanism of farmer-to-farmer seed 
transfer., 

Farmers who supplied seed of' rew 
varieties to other ftirmers tended to have 

larger than average farms. Still, half'or 
more of the fhrmers who initially 
obtained new varieties from other 
farmers said their source was a farmer 
with less than 10 ha (Table 5.6. Source 

tarmers were also close to the farmers 
they serve:t; over hal f' the flrmers who 
got seed from other farmers contacted 
sonmone in their own village and over 
80"; received seed from a farmer within a 
5-ki r:idius (Table 5.7). 

Table 5.6. Type of farmer from whom seed of new wheal variety was obtained 

Farmer type Rice zone 

Landlord 
< 10 ha 
> 10 ha 

2 
66 
32 

Percentage of farmers 
Cotton zone Mardan 

7 -
47 58 
46 42 

Table 5.7. Distance to farmers providing seed of new wheat varieties 

Percentage of farmers 
Distance Rice zone Cotton zone Mardan 

Same village 
< 5 km 
5-10 km 
> 10 km 

52 
32 

3 
13 

54 
29 
13 
4 

69 
15 
8 
8 

In Mardan, farms are quite -3mall so the 10-ha division between "small farms" and 
"large farms" is less appropriate than in the Punjab. Forty-six percent of all farmers 
with over 4 ha initially got seed of new varieties from a seed depot, research, or 
extension. whereas 241 of the farmers with under 4 ha got new wheat seed from 
these sources. It seems likely that in Mardan it is primarily the very largest farmers 
who have contact with formal seed sources. 

4 
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In all three survey areas, over 901.( of farimers planting new varieties said they had 
no problems obtaining seed. Three-quarters or more financed tile seed with their own 
money; the other significant way of obtaining seed was to exchango grain for seed 
with another farmer (one-sixth to one-fifth of the farmers got their new seed that 
,ray). Yet in both the rice and cotton zones, around half of the fhrmers who knew 
about new varieties but had not planted them said seed was unavailable. This was 
ihe most common reason given fior not planting new varieties. In Mardan, the same 
explanation was given 1Y 9 of the 24 farners who knew about new varieties but were 
not planting them. 

Farmers' Contact with the Seed Industry 
About half the fhrners in all three zones knew the correct local ion of the nearest 
seed depot. Some fhrmers in each zono Said they knew the location hut did not 
identify it correct!y, an occurrence much more common in Mardan than in the 
Punjab (Table 5.8). Mardai District has only two Agricultural Development 
Authority 1ADA) depots, one in Mardan and one in SWihi, although there are other 
wavs in which seed can he distributed. Significantlv nore farmners in the Punjab who 
Were aware of' n w varieties (they were alread *v titing them or had heard of' them) 
knew the correct location of the depot nearest them. In Mardii. there was no 
relationship between varietal awareness and accurate knowled -e of the seed depot. 

Over one-third of the far'mers sur'weN'd in the rice and cotton zones had actulallv 
visited a seed depot whereas onir one-fifth of the farners in Mardan had done so 
(Table 5.8). As fi'mers who had visited a depot are a subset of those who knew the 
deoot location, factors related to visits are likely to resemble factors related to 
knowledge of the depot. In the Punjab, farnmers planting new varieties were more 
likely to have visited a seed depot. In Mardan, there was no relationship between the 
I wo variables. 

Many variables can influence whether or not a farmer knows the location of the 
nearest seed depot or visits it: huiman capital variables such as literacy; farm size 
and tenure variables; information sources, such as agricultural extension; or 

Table 5.8. Percentage of farmers who knew seed depot location and had 

visited a depot 

Rice zone Cotton zone Mardan 

Knew correct location 51 46 52 
Stated other location 14 11 38 
Did not know location 35 44 10 

Visited depot" 38 36 21 

a Includes only farmers with correct knowledge of depot location. 



distance from the depot. Variables usel in the analysis reported below are defined in 
Table 5.9. Since these variables are unlikely to operate independently, a variable-by
variable analysis of'relationships with knowledge of seed depots or visits to them is 
likely to be misleading (Feder, Just, and Zilberman 1985). Instead, probit analysis,
which uses a number of indepeident variables, has been used to predict the 
probability of whether or not a given farmer knew the location of the seed depot, and 
also to predict whether or not the farmer had visited a depot. 

Several equaions were estimated for each of' the three zones. Results of one of the 
better equations for each zone (bettUer in terns of goodness of' fit as determined 	by tile 
regression chi-squared statistic.I are present d in Tabies 5.10 and 5.1 I. , This 
approach is not en tirely sat isfactory because there are likely to be causal 
rclationships between some of' the explanatory variables. However, the results help 
determine which variables are more likely than others to predict farmers' cc itact
 
with the seed depot.
 

Table 5.9. Variables used in probit analysis of knowledge of seed depot location 

and visits to seed depot 

AGE Farmer's age in years 

ASQ AGE 

LIT Dummy variable = I if'larmer was literate 

LNSIZE Natural logarithm of farm size in hectares 

OWN Dummy variable = I if' farmer owned some or all of the land he farmed 

STATUS )ummy variable = I if farner was a village or union council official, 
gov-rnment employee, member of a religious committee, member of a 
cooperative society, or shopkeeper 

EXT 	 Dummy variable = I if farmer met with agricultural extension person
nel in year previous to the survey 

RADIO 	 Dummy variable = 1 if' 'armerlistened to agricultural programming on 
the radio in year )revious to survey 

DEMO Dummy variable = 1 if farmer hosted or visited a wheat demonstration 

DIS Distance (krni from a farmer's village to seed depot 

Results of the equations presented in Table 5.10 and 5.11 were also checked f,
 
consistency with the other estimated equations.
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The results are consistent with our expectations, except flbr several anomalous 
relationships in the smaller Mardan sample. Literacy is the key human capital 
variable, positively related to knowledge ofand visits to the seed depot in the rice 
zone and in Mardan. In the cotton zone, literacy is not significant at standard levels 
but the coefficient does have asymptotic t-values significant at the .20 level. In 
Mardan, a quadratic age specification is also significant, implying that as a farmer's 
age increases up to the inid-flo :ies, the farmer is more likely to know where the seed 
depot is or to have actually visited it; after that increasing age reduces the 
probability. 

Table 5.10. Factors related 0,: correct knowledge of seed depot location, probit 
analysis 

Independent 
variablesa Rice zone Cotton zone Mardan 

AGE 0.0498 
(1.10) 

0.0347 
(0.653) 

0.220 
(2.96)-1** 

ASQ -0.000590 -0.000328 -0.00224 
(-1.27) (-0.558) (2.97)*** 

LIT 0.582 0.393 1.12 
(2.13)** (1.45) (2.38)** 

LNSIZE 0.225 -0.153 -0.330 
(1,d9)}* (-1.20) (-1.84)* 

OWN 0.279 0.564 
(0.979) (1.60) 

STATUS 0.214 0.409 -1.51 
(0.730) (1.30) (-2.82)*** 

EXT 0.529 0.570 0.621 
(1.85)* (2.05)** (1.50) 

DIS -0.0350 
(-1.15) 

-0.0397 
(-1.80)* 

Constam -1.51 -1.07 -4.71 

n= 142
X2(7) = 36.3 

n=141X2(8 ) = 20.3 
n=92 

X2(7) = 25.3 

Note: Asymptomatic t-values in parentheses; *** indicates significance at 1% level; 
** at the 517 level; and * at the 10% level. 

a Dependent variable is KNOW; dummy = 1 if farmer knew the correct location of the 
seed depot nearest his village. 
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Extension contact is the main information source related to contact with the seed 
depot. In the rice and cotton zones, farmers who had seen extension personnel within 
the last year were significantly more likely to know where the seed depot was. In the 
rice zone and Mardan, extension contact was significantly related to visits to the 
seed depot. There was an anomalous result regarding information sources in 
Mardan, where fhrmers who had listened to agricultural programming on the radio 
within the last month appeared less likely to have visitid tne seed depot. 

Table 5.11. Factors related to visits to seed depot, probit analysis 

Independent
 
variables, Rice zone 

AGE 

ASQ 


LIT 0.888 

(3.43)*** 


LNSIZE 0.192 
(1.56) 

OWN 

STATUS 


EXT 0.623 
(",32)** 


RADIO 

DEMO 0.343 
(1.26) 

DIS -0.0389 
(-1.24) 

Constant -1.18 

n= 146 
x (5)= 42.2 

Note: Asymptoniatic t-values inparentheses; **: 

** at the 5% level, and * at the 10% level. 

Cotton zone Mardvi 

0.0625 0.381 
(1.16) (2.60)*** 

-0.000602 -0.00362 
(-1.01) k-2.53)*** 

0.418 1.74 
(1.56) (2.60)** 

-0.107 -0.245 
(-0.809) (-1.21) 

0.606 
(1.30)
 

0.638 -1.08 
(2.08)** (-1.67)* 

0.337 1.12 
(1.20) (2.44)*** 

-0.827 
(-1.88)* 

-0.0508 
(-2.16)** 

-1.50 -10.7 

n=141 n=87
 
x"(7) = 21.3 =
(8=30.3
 

indicates significance at 117 level; 

a Dependent variable is VISIT; dummy = I if farmer had visited a seed depot. 
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Variables related to general status or resource base, such as ftarm size, tenure, or 
social status, are mostly insignificant or anomalous. Increasing tarm size did appear 
to increase the likelihood of seed depot knowledge in the rice zone, but the effect in 
Mardan was negative. All in all, finm size bore little relationship to seed depot 
knowledge or contact. This finding does not necessarily contradict earlier indications 
that larger farmers planting a new variety for the first time were more likely to 
acquire seed of'the variety at a seed depot. What the present results seem to indicate 
is that larger farmers have signIfica ntlV higher levels of literacy and extension 
contacts and, once these (ther variables are taken into account, foirmn size does not 
have much of an eflect onre way or the other on their contact with the seed depot. 

The most anomalous result is the highlv significant negative eflect of social status in 
Mardan.' Social status also appeared to he negativelv related to depot visits in 
Mardan, but positively related in the cotton zone., 

In 	the cotton zone, where retail seed outlets art most concentrated, Farmers located 
farther from the depot were less likelV to know where it was or to visit it. The 
relationships were also negative in the rice zone, but not significant at standard 
levels. There were no relationships in Mardan. where the formal seed system is a 
much less active agent of varietal diffusion. 

Management of Retained Seed 
From year to year, the most signii-cant source of wheat seed is seed that thrmers 
retain themselves. Farmers in the three surveyed areas were asked if they managed 
seed crops any differently from the rest of' their grain: did they select a special field 
for seed, or thresh and store seed separately f'rom other grain? 

Farmers in the rice zone and Mardan were somewhat more likely than cotton zone 
farmers to choose a separate field for :seed, either before or at harvest. Over all three 
zones, 4G-501 of surveyed farmers threshed and stored seed apart from the rest of 
their grain (Table 5.12). Threshing seed separately was the criterion for 
determining if the farmer made special efforts to preserve seed quality. The few 
farmers who stored seed separately without threshing it separately were not 
included in the "special seed management" group For further analysis. 

6 	 In Mardan, only 17 farmers had positive social status, a rather crudely defined 
variable referring to farmers who were village officials, ran shops, and so on. Nearly 
all of these farmers were literate. However, literate farmers without "social status" 
were significantly more likely to identify seed depot location correctly than literate 
farmers with status. Perhaps farmers with status were more familiar with non-ADA 
seed sources such as research farms or extension offices. 

7 	 When the social status dummy is left out of the estimating equation in the cotton 
zone, the coefficient for literacy becomes significant at the .05 level, suggesting that 
the "social status' variable may be picking up some of' the same influence as the 
literacy variable did in the other zones. 



Very few other characteristics of' flarmers could be related to whether or not they 
used special seed management practices. In both the rice zone and Mardan, seed
 
management practices of farmers planting new varieties did not difler fiom 
 practices
of' farmers w.,a did not plant them. Farmers in ,ie cotton zone who planted new 
varieties were significantly more likely to manage their seed to maintain quality. 

Since few firarmer characteristics were related to seed management on a variable-by
variable basis, no probit analysis was done to predict whether or not a farmer would 
thresh seed separatel' from grain. A few variables did appear to aflect seed 
management when anal vzed individuaIly. With increasing farm size, the likelihood 

rice and cotton zones 

rice zone and Martian,farmers who had contact with extension inthe last Year
 
appeared more likely to thresh seed separately.
 

increased that fairners i) tilt, threshed seed separately; in the 

Conclusions 
The evidence presented in this chapter confirms that the nmjaor source of wheat seed 
is seed retained from the previous year's crop. The next most frequent source of seed 
is other fhrners. Less than 10'; of farmers surveved obtained seed at a depot. Fewer 
than half of the fiarmers who retained their own seed sought to ensure its purity by
 
selecting or threshing it separately.
 

When farrners change varieties, other flarriers are the most important sonrce of'seed. 
In the Punjab, where the seed systeri is better developed, seed depots are almost 
equally important as a source of seed when farmers want to change varieties. In 
Mardan seed depots are Much less significant as an initial source of'nev seed. In the 
Punjab farmers planting new varieties are significantly more likely to know where 
the seed depot is and to have visited it; in Martdan there is no relationship between
 
planting new varieties and contact wit)r the seed depot. Farmers with larger
 

Table 5.12. Farmers' seed management practices for retained wheat seed 

Percentage farmers using retained seed 

Practice Rico zone Cotton zone Mardan 

Kept separate field, threshed and stored 
separately 17 7 15 

Selected field at harvest, threshed 
and stored separately 20 4 36 

Threshed ar. stored separately only 267 --

Subtotal: 
Attempted to maintain seed purity 44 37 51

Stored separately only 4 3 3 
Did not store separately 51 60 47 



holdings are more likely to use a seed depot as the initial source of seed for new 
varieties. Dispersing seed distribution points more widely "ould probably hasten the 
spread of new varieties. 

A number of associated farmer characteristics appear to influence whether farmers 
know about or have visited the seed depot and whether they manage seed and grain 
crops differently. The most consistent explanatory variables are literacy and contact 
with extension. Farm size does seem to make a difftrence in one case-initial source 
of new seed. Larger I'farmers ma' also he more likely to man'ige seed diftrently than 
grain. With regard to seed policy it should )e noted that more often than not new 
seed enters a village whenl a larger f1rmer obtains it from the formal seed system. 
Seed then spreads from fir'mier to fa rmner with in tie village or spreads to an 
adjoining village. Va,"mer-to-fhrmer seed dfhfsion is highlv localized, as fewer than 
10.q of farmers ohtain seed from it village more than 10 km away. Despite the 
,-trengthening of the !ormal seed pre-luction and distribution system, informal, 
farmer-to-tarmer seed transfer clearly remains a major means of' diffusing seed, as in 
the early days of the Green Revolution (Lowdermilk 1972). 

Hl
 



Chapter I 
I 	 FarmerCharacteristics, Varietal Choice, 

and the Spread of New Wheat Releases 

Paul W. Heisey, Khaleel A. 'retlay, Zulfiqar Ahmed, 

and Munir Ahmad 

This chapter seeks to explain factors related to farmers' awareness and adoption of 
newer wheat releases. Certain traits of farmers and varieties explain a two-step 
process in which a farmer first becomes aware of new varieties and later adopts 
them. 1.2 

Griliches' (1957) classic study ofthe spread of hybrid maize in the USA has been 
succeeded by a vast literature on the adopti-.x of agricultural innovations. ;' Much of 
the literature concerns itself with the adoption curvc, a,, 0 shaped cumulative 
frequency curve, which can refer either to the aggregate level or to individual 
farmers) In Pakistan, adoption of high yielding varieties (HYVs) lillowed the classic 
S-shaped pattern. But the replacement of individual wheat varieties is more 
completely represented as a process of adoption and disadoption Brennan and Cullis 
1987), a pattern visible in Figure 2.2 (page 11 where the area covered by major 
wheat varieties in Punjab is shown. During the adoption phase, the curve is similar 
to the monotonically increasing curve usually studied. 

In 	1985/86, at the time of the adoption survey discussed in this chapter, cross
sectional differences in farmers' awareness and adoption of new varieties were 
distributed as in Table 6.1. The data in Table 6.1 are consistent with the area 
est;mates of Chapter 3, where it was noted that the spread of new varieties in the 

Table 6.1. Farmers' awareness and adoption of new wheat varieties 

Percentage of farmers 

Rice zone Cotton zone bardan 

Planting total area to new varieties 27 22 14 
Planting partial area to new varieties 27 20 14 
Aware of but not planting new varieties 13 16 29 
Unaware of new varieties 33 42 42 

1 This chapter is partially based on material in Tetlay et al. (1987b and 1987c). 

2 For a technical description of the type of model used here, see Maddala (1983). 

3 This literature is summarized in Feder, Just, and Zilberman (1985). 

4 	 At the aggregate level for a given innovation, the height of this curaulativw frequency 
curve at a given time can be measured in different ways. For individual farmers, 
adoption curves show the degree to which the farmer uses the input(s) of interest. 
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rice-wheat zone was greater than in the two other areas at the time of the survey. 
Farmers in the rice zone who grew new varieties tended to have grown them for less 
than the average length of time; farmers in Mardan, for more. In other words, new 
varieties appear to have diffused fh;tr in the rice zone than in the other two areas, a 
conclusion further supported b,, the aggregate data of Chapter 3. I)iffusion of new 
wheat varieties ha been soniewhat slower in Mardan because the seed system is 
less developed. Although seed out lets are more heavily concentrated in the cotton 
zone than in the rice zone, diffusion in the rice zone has proceeded foster because the 
older varietieti in the cotton zone are particularly well adapted to the zone's 
environment and crop r( tations 

Farmers' Perceptions of Wheat Technology 

Perceptions of techni)logical components for increasing wheat 
productivity-In the 1985/86 adoption survey, flrmers were asked to identify 
which technological components were most important, second most important, and 
third most important for increasing wheat yields. They did not identify variety as a 
major component. Any attempt to determine which factors were most important to 
farmers is subject, to ambiguity because individual choices can be weighted 
difkrently, but it is clear that in all three zones better land preparation ranked 
highest and more fertilizer second. In the three zones, variety ranked between third 
and fifth. 

IJdiagnostic surveys conducted in the same zones (Byerlee et al. 19861, variety was 
found to he one factor strongly aflecting farmei s' yields. For direct technology 
traniier, variety was among the highest priorities in each area. The difference 
between the relative importance attached to variety by researchers and farmers may 
be related to several factors. First, diff.rences in yield due to variety might not be 
immediately evident pr'or to harvest. Second, seed is a relatively small amount of 
farmers' production cost and farmers might tend to weight the importance of an 
input in proportion to its cost. Finally, the fact that the new varieties were, in 
gene--.', diffusing sl, wly at the time ofthe itudy m~eant that farmers had relatively 
few opportunities t( compare yields of old and new varieties. 

Farmers' perceptions of the disease threat--During the survey, farmers were 
asked about major diseases affecting wheat; 70-90( of them were aware of rust. (In 
the rice and cotton zones, about 9(."( mentioned smut, noted by only 55q of the 
farmers in Mardan.) Of the farmers vho knew about rust, half'to three-quarters 
called it "a problem" (Table 6.2). But even though many farmers knew about rust 
and some thought it a problem, relatively few farmers in Punjab thought it could 
recur. The different results for Punjab and Mardan were probably caused by the way 

5 Farmers in Punjab were asked whether or not they agreed with the statement, "Rust 
used to be a probleim but it is no longer a problem;" in Mardan, they were asked 
whether or not they agreed with thl,statement, "Rust could be a problem again in the 
future." 



the question was phrased in the survey areas.' This question probably influenced the 
answers to subsequent qUe'tions about differences in varietal rust resistance and 
loss of resistance over tirme. 

One-quarter of the respondents in Punjab thought some varieties were more resis
tant than others; in Mardan the proportion was a little less than halt. In all zones, 
half"or less of the f'armers who thought some varieties were more resistant than 
others thought that resistant varieties could lose their resistance. Since more far
mers in Mardan agreed with the statement on diflfrential ust resistance, a simil
arly larger proportion there thought resistant varieties could break down (Table 6.2). 

Regardless of problems with some of' the qLIestions about rust. it is clear that in all 
surveyed areas farmers' knowledge (f disease was rather limited. Relationships
linking farmers' characteristics to disease knowledge variables were generally not 
significant." Farmers' awareness of' rust as a major problem would probahly be much 
greater in a year immediately following an epidemic. Similarly, awareness would be 
greater among farmers growing a particularly sLIsceptihble variet V in a year
immediately after that variety suffered noticeable yield losses from rust. But in a 
relatively normal year some years after farmers have experienced serious losses 
from rust, the threat of'disease by itself is unlikely to motivate farmers to change
varieties, given the current state of their knowledge about varietal rust resistance 
and rust epidemics. 

Table 6.2. Farmers' awareness of the rust problem 

Percentage of farmers 

Rice zone Cotton zone Mardan 

Mentioned/knew about rust 71 89 82 
Thought rust was a problem some 

years or every year 54 65 73 
Thought some varieties were more 

resistant than others 25 26 47 
Thought resistant varieties could 

lose their resistance 6 12 25 

6 	Nonetheless, in the rice zone and Mardan, farmers who planted or knew about new 
varieties did seem more likely to believe that some varieties are more resistant than 
others. In Mardan, literacy and extension contact seemed to be positively related to a 
belief in differential varietal resistance; extension contact, radio contact, and social 
status seemed positively related in the rice zone; and in the cotton zone, younger
farmers and farm owners appeared more likely to believe some varieties had greater
resistance. Given the very limited numbers of farmers who thought resistant varieties 
could break down, in only one case did a farmer characteristic appear to affect this 
belief: extension contact in the cotton zone. It is likely that in a multivariate analysis
the apparent significance of same of these variables might disappear. 



Reasons for varietal choice-Variety was not the first factor farmers thought of 
when they were asked what was most important for increasing yield. But when 
farmers grnowing new varieties were asked why they had changed from old to new 
cultivars, they cited yield more than any other reason Table 6.3). The other 
frequent responses f"or changing variety were yield decline or disease susceptibility of 
the old variety; they are also related to a difl'frence in yields. Some f'armers who 
noted that new varieties yielded better also mentioned the yield decline of old 
varieties; unfortunately, data from two of the survey areas do not permit all factors 
to be separated out. Even though farmers' awareness of' disease is rather low, it is 
worth noting that losses from disease are sometimes part of the yield conparison 
that motivates varietal change. 

When farmers planting old and new varieties were asked why they planted both 
types, the most common response across all three zones was that they wanted to 
compare the perfbrmance of each type. In addition, 30-40'; of'the farmers in each 
zone planted both types for reasons related to diversificatiojw: they wanted one 
variety for late planting or one for home consumption, or sinply wanted to avoid risk 
(Table 6.4 . Farm size was a highly significant determinant of' the nooMbTr of' 
varieties planted. In all three zones, mean farm size for farnmers planting more than 
one wheat variety was much larger than fl" farmers planting only one vaiet y. 

"Objective" varietal characteristics and farmer behavior --Several 
characteristics besides superior grain yield are often thought to influence farmers to 
plant new varieties: straw yields (Husain 1987), taste and baking quality, and 
resistance to moisture stress (Byerlee et al. 1986). To see if particular varietal 

Table 6.3. Farmers' reasons for adopting new wheat varieties 

Percentage of farmersa 

Rice zone Cotton zone Mardan 

Higher yields 72 83 78 
Declining yield of' old variety 9 5 --
Disease susceptibility of old variety 9 7 4 
Other 10 5 18 

a Farmers sometimes mentioned declining yield or disease losses of the old variety as 
well as higher yields of the new variety. Ilowever, in some of the survey areas it is 
not possible to recover how many farmers mentioned these factors in conjunction 
with higher ,ields. 

Diversification over old and new varieties was one of the few ways in which farm size 
did appear to affect varietal diffusion, if other variables were taken into account. See 
footnote 14. 

M
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characteristics had induced farmers to adopt new varieties, some "objective"
measure3 of varietal characteristics were examined along with evidence of farmers' 
behavior regarding each characteristic. 

Yield-Data from the ISWYN and Khanewal seed farm trials, analyzed in Chapter 2, 
can be used to compare grain yields of several popular wheat varieiies. At "normal" 
planting dates, the new variety Pak-81 yields better than all other varieties 
considered here. The old variety Wl-711 also yields more than other important
varieties, and the ld variety Sandal may also yield somewhat better. Four other 
varieties (Punjab-81. Blue S lIver, Bahawalpur-79, and Yecora) yield about the same 
under identical management conditions, aIlt houIlh one trial ranks them in the order 
in which they have Just been listed Ifor onr purposes, Punjab-S1 and lBahawaipur-79 
are considered new varieties). 

Yield andplanting date-ln all three survey areas, farmers plant wheat at dates 
which are later than optimal, a practice strongly related to the previous crop in the 
rotation and seen most frequently in the cotton-wheat cropping system fBverlee et 
al. 1986). Thus, not only yield performance per s(, but also yield performance at I: te 
planting dates may affect farmers' choice of varieties. 

Pmant breeders usually try to develop early matutiring varieties fir circumstances in 
which the growing season is curtailed. Among the varieties listed earlier, Blue Silver 
and Bahawalpur-79 are short season releases recommended for late planting. The 
new variety Faisalabad-83, not widely grown, and the old rust susceptible variety
SA-42, common in Mardan, are also short season varieties.' 

Table 6.4. Farmers' reasons for planting both old and new wheat varieties 

Percentage of farmersa 

Rice zone Cotton zone Mardanb 

Compare performance 
Different variety fbr late planting 

35 
14 

57 
17 

43 
43 

Seed multiplication 
Different variety for home consumption 

19 
14 

7 
3 

-
--

Risk aversion 3 13 --
Other 16 3 14 

a Some farmers offered more than one reason; the most prominent is recorded here. 
b Only 14 farmers in Mardan phinted both old and new varieties. 

8 	 WL-711 is an intermediate maturity variety, one of the reasons it has fit so well into
the cropping system in the ctton-wheat 7one, but for simplicity it will be analyzed
with the full season varieties. 
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A second approach taken by researchers to the constraint of late planting, 
particularly in areas where heat stress is a problem, is to plant a variety late and 
evalhate its performance regardless of whether it is supposed to be an early, 
interriediate, or late maturing varietx. Under this criterion, at late planting dates 
Pak-81, a relatively long season variety, coltinues to perfiorm very well with respect 
to tile short season varieties Blue Silver and Balhawalpu r-79: WL-7 11 also may 
perform somewhat better. Pu njab-81 does well at late planting,but the yields of' old 
varieties Sandal and YtcLora dhcliele greatly wheln they are pIlanted late iHobbs 1985; 
Chapter 2 1. 

Crop rotation ;nd c1uri -Crop rotatiotl and varir't'tl characteristics cLmb1ine tovet 


influence farImlers' varietal choices in di fl'Vrert ways Inthe thre, sol'vrey areas. In the 
cotton zone, where late planting is common, b10th riorniMtl season and short seasoin 
varieties were )linted hite Figure 6.1 ). larier fit rners in all thr ,zones were 
more likely to plant more than on, variet.y. litthe cotton zone, ht)wover, firmt size (lid 
not vary hetweel ,lirIersplanting a short steasito variety and those who( did not. All 
varieties chosen, whether hv t he larger farmers wl tended to plant more than one 
variety or the smaller fiur'trs who pflailted o1nlY Ont, had to 1erliomo relatively well 

at late planting. 

Inthe rice zone s(newhat less whetat is i)lai ted hte, although planting dats vary 
more from: ye\a" to(yoer hll the cottmonie.Figure (. 1 shows that, ill' thanllh'thdo ill 


contrast to the cotton zo we, in the rice zolle short season varieties were usuallv 
planted later than full season varieties. Furthermlore, tarners planting short .-,asol 
varieties tended to have more land than farmers who did ni)t. These factors suggtst 
that farmers in the rice zone often chioose full season VarietiCs ir eal iier phitting 
and early maturing varieties for later planting. (Their choice )robably r(latt 's t,)the 
fact that Yecora, once the doinnant variety in the rice zone, suftiers heavv yield 
losses at latu planting. 1Also, larger farmers in the rice zone may have a wider range 
of wheat planting dates than dti : maller farnmers, and thus be more likely to switch 
to an early variety altile later dates. 

Mard,in presents a diflerent picture oif farm"ers' choices if' variety and planting date. 
In the sample vnalyzed here, late plantiug was liss common than in either the cotton 
or the rice zone (Figure 6.1). As inthe rice zone, earl maturing varieties were 
usually planted after ful! season varieties. But compared with firiners ill the rice 
zone, farmers inMardan who planted early maturing varieties (notablv the old 
variety SA-42) tended to have less land than farmers planting only full season 
varieties. As in the other two zones, larger farmers in Mardan were more likely to 
diversify across varieties, but they were more likely to diversif'y across two or more 
full season varieties. 

Straw yield-Another factor th,:t may influence varietal choice, particularly for 
small farmers, isstraw yield. Straw yield (or perceived straw yield I was probably a 
greater consideration when long strawed varieties were first replaced by shorter 
strawed,HYVs at the start of the Green Revolution. In changing from one semidwarf 

UI-
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variety to another, straw yield is prolially leh:; significant, although it may be more 
important in Mardan than in Punjab, as todder prices tend to be hi gher illNWFP. 
However, it is hypothesized that harvest indices between one -IYV and another are 
sia ilar enough to iinmply that a strong positive correlation usually eXists hetween 
straw yield and grain yield. 

Se'ed .hrit-el/itg Al indepiendent assessment of*shrivelling characteristics of'wheat 
varietits is not readily va'ilahle. A varietys shrivelling characteristics are probably 
related to its performalne When it is plantted late. Thert' was fiot Inuich evidence fr'ol 
tlhe surv'ty, owever, thIlat fanier1ts' ev\lluationl of shrivellhig characteristics \w.is
 
significantl v related to)their ldgeliernt oft'low a \'al'ietY perorimed whien 
 it was
 
plantd lte..
 

Sf 1 ./(Ittorirg I )ata om inihirtalnt co'jii'iertial varieties' sUsce)tibility to 
shat terinig are not rcalil ,v availalie. Ihowcv(.r. l'n*jab-SlI has been fund to be 
relativelv sustcptih., 1)0th illtrials designed to evaluate this trait I('haudhry et al. 

98.51 andit illfiiiielrs, exlvtielece. 

:\lt evallated by such 

iiieisIilres as glutel streligth, in this study it 


Ilth, qtuall.i hongli hakirng quality Van I,, Ohjective 
was trated essentially as a subjective 

julgement and is discussed illliew nlext section. 

Subjective varietal ehr,acteristics Farmers in lie surv'v who were eithr" 
planting fw,% varieties mnknew aihmut them were asked to comiipare characteristics of 
a ;pCciHc old vr'iety thlt thev had planted r were planting with those of a specific 
new variety they were planting oJr knew alh ut. For each charracteristic. fu'it.ners were 
a-;ked whethvr they\ thought the new \vriety wis hette.r, the Old v'iety was better, 
or both varieties were thei same. -)on't kriowk respon)SeS wrv ills() recoddl'( . 

In the rice zolie, resp))llses (o".11'' ers alreadyv planting new varieties diflered 
sign ficantly fr-or t in' respoln.ses of' fillIllers who had oolilv heard of iev" 'rieties, for 
all characteristics. As expected. fairmers with it) direct experiernce (J !ie,varieties 
were mnore likel ,v not toi have an Opinion. Also as expected. at lar.ger proplr i,)n of' 
Carimers l)larntirit n1.\w varieties evaluated theri hi\ oralv.Their po.:tit.,)pi nions 
were strongest fh(rgrairni alrd straw yield, itlerniediate for late plantrn performance1 
and shrivelling, and weakest for shattt-ring resistance and chapuli (bakir quality. 

9 In fact, though grain-to-straw ratios are higher Ior I IYVs than for1 tie varieties tiheyv 
replaced, greater bioniass prod uctiOr may still lead to higher straw productiOrI from 
fields sown to sem idwarf's. Non,, hieless, perceptions are impolrtant: Husain 1987) 
d-nonorstrates that even today, in fllriutltaintoS all-as of northerri PlJ.stall. filrmer's 
believe the traditional varieties produce more straw than the IItYVs although ohjective 
yield cuts show per hectare straw production to be about equ1al. Str'aw qu ility may 
also be iii issue. 
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In fact, farmers planting new varieties, as well as farmers who were not, were more 
likely to say that the old variety had more shattering resistance and made better 
chapatis.This response was particularly striking for chapati quality (Table 6.5). 
These evaluations are probably related to the relatively greater use of Punjab-81 
(which is particularly subject to shattering) in the rice-wheat zone, and a preference 
for Yecora for quality. 

In the cotton zone, differences between nonadopters and adopters were, also 
significant for all characteristics. Even more than in the rice zone, farmers who had 
only heard of new varieties were less likely than farmers who had adopted them to 
voice an opinion about their characteristics. For all characteristics, adopters were 
more likely to rate the new variety more favorably and nonadopters to rate the old 
one more favorably. Adopters were most likely to give favorable ratings for late 
planting performance and general yield performance; they gave the lowest ratings for 
shattering and shrivelling characteristics Table 6.6). 

In Mardan, differences between adopters and nonadopters were significant only for 
opinions on yield. Adopters overwhelmingly favored their new variety and 
nonadopters were more likely to support the old one. Although the differences among 

Table 6.5. Farmers'perceptions of wheat varietal characteristics, rice zone 

Percentage of farmers 

New Old Same Don't know 

Which variety... 

Yields more? 	 Pa 74 12 12 2 
K- 33 17 28 22 

Provides more straw? 	 P 77 18 4 2 
K 39 22 17 22 

Makes better chapatis? 	 P 21 72 7 0 
K 11 50 11 28 

Is better for late planting? 	 P 51 23 18 9 
K 11 39 17 33 

Shatters less? 	 P 35 40 21 4 
K 6 33 11 50 

Shrivels less? 	 P 48 16 16 20
 
K 11 17 17 56
 

a 	 Row "P"refers to farmers who plant new varieties. Row "K" refers to farmers who 
know about new varieties but do not plant them. 



adopters' and nonadopters' opinions of chapati quality, shattering resistance, and 
shrivelling resistance were not significant, adopters were more likely to favor the 
new variety and nonadopters the old. Adopters were more likely than nonadopters to 
say the old variety gave the same or more straw. Finally, both adopters and 
nonadopters were more likely to fhvor the old variety for late planting (Table 6.7). 

Farmers' Awareness and Adoption of New Wheat Varieties 

Variables affecting awareness and adoption-Even a relatively simple change, 
such as starting to plant a new semidwarf wheat variety, is influenced by complex, 
interrelated factors, just as when seed-fertilizer technology was first adopted in 
irrigated Pakistan ILowdermilk 1972). Adoption is analyzed here as a two-stage 
process in which the farmer first becomes aware of a new 'ariety and then adepts it. 
That approach is particularly useful in a situation like this, when, four to five years 
after the release of several good new varieties, one-third or more of the surveyed 
farmers had not heard of them. 

Table 6.6. Farmers'perceptions of wheat varietal characteristics, cotton zone 

Percentage of farmers 

New Old Same Don't know 

Which variety... 

Yields more? P. 
K1 

57 
7 

24 
33 

19 
0 

0 
60 

Provides more straw? P 
K 

51 
7 

33 
20 

16 
13 

0 
60 

Makes better chapatis? P 
K 

51 
0 

40 
33 

9 
0 

0 
67 

Is better for late planting? P 
K 

63 
13 

14 
27 

14 
0 

9 
60 

Shatters less? P 
K 

44 
7 

19 
20 

21 
7 

16 
67 

Shrivels less? P 
K 

33 
0 

12 
20 

29 
7 

26 
73 

a Row "P" refers to farmers who plant new varieties. Row "K" refers to farmers who 
know about new varieties but do not plant them. 



Probit analysis was used to study the effects of several factors operating 
simultaneously. Although probit analysis does not take into account the likely 
interaction of some of the explanatory variables, it is preferable to two-way variable
by-variable analysis. The variables, some of which are the same as those defined in 
Chapter 5, are defined in Table 6.8. Several human capital variables were used. Age 
may be thought of as a partial proxy for experience. A quadratic specification for age 
was employed in many ofthe equations estimated." A literacy dummy, LIT, 
distinguishes literate from illiterate flarmers. Education level dummy ED] denoted 
farmers with one to eight years of education, and ED2 refers to farmers with more 
than eight years of education. 

Table 6.7. Farmers'perceptions of wheat varietal characteristics, Mardan 

Percentage of farmers 

New Old Same Don't know 

Which variety... 

Yields more? 	 P' 86 7 4 4 
K" 24 59 12 6 

Provides more straw? 	 P 32 46 21 0 
K 41 41 18 6 

Makes better chapatis 	 P 57 25 14 4 
K 35 41 18 6 

Is better for late planting? 	 P 29 57 4 11 
K 24 53 6 18 

Shatters less? 	 P 50 18 25 7 
K 29 41 18 12 

Shrivels less? 	 P 39 18 32 11 
K 24 41 24 12 

a 	 Row 'P' refers to farmers who plant new varieties. Row 'K' refers to farmers who 
know about new varieties but do not plant them. 

10 	 This implies that, if coefficients were significant and of the proper sign, experience 
increased the likelihood of awareness up to a point where it began to be outweighed, 
perhaps, by greater conservatism. In general, the quadratic specification was 
somewhat more likely to improve the fit or result in significant coefficients than 
either linear or logarithmic 6pecifications. 
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We also used two other variables that often appear in the adoption literature: farm 
size (in our analysis we used LNSIZE, the natural logarithm of farm size in hectares) 
and a dummy, OWN, distinguishing farm owners and part owners from tenants. 
Farm size may have an independent effect because a relatively fixed cost of acquiring 
information is spread over a larger area (Feder and Slade 1984), or because larger 
farmers may have greater access to information or credit. 

Table 6.8. Variables used in probit analysis of awareness and adoption of new 
wheat varieties 

AGE Farmer's age in years 

ASQ AGE 2 

LIT Dummy variable = 1 if fhrmer was literate 

EDI Dummy variable = 1 if farmer had 1-8 years of education 

ED2 Dummy variable = I if farmer had more than 8 years of education 

LNSIZE Natural logarithm offarm size in hectares 

OWN Dummy variable = 1 if fhrmer owned some or all of the land he farmed 

EXT Dummy variable = 1 if fhrmer met with agricultural extension 
personnel in year previous to the survey 

RADIO Dummy variable = I if farmer listened to agricultural programming on 
the radio in year previous to survey 

VIL Transformed from percentage of village wheat area covered by new 
varieties as identified by breeders; transformation by subtracting the 
mean and dividing by the standard deviation of the original variable 

ROAD Dummy variable = 1 if farmer's village was on a metalled road 

YIELD Dummy variable = 1 if farmer thought new variety clearly superior to 
old variety in grain yield 

CHAP 	 Dummy variable = 1 if farmer thought new variety clearly superior to 
old variety for making chapatis 

LATEPL 	 Dummy variable = 1 if farmer thought new variety clearly superior to 
old variety for late planting 

SHRES Dummy variable = 1 if farmer thought new variety clearly superior to 
old variety for shattering resistance 



Variables for two "modern" sources of information were employed. The first is a 
dummy variable, EXT, distinguishing whether or not the farmer had any direct 
contact with extension in the year immediately preceding the survey. The second, 
RADIO, is another dummy variable dividing farmers into those who had listened to 
agricultural programming on the radio over the previous year and those who had not. 

In this context it is interesting to note which initial sources of information about new 
varieties were most frequently identified by the farmers themselves. The most 
important source, cited by half' or more of the farmers in all three zones, was other 
farmers (Table 6.9). This finding, in conjunction with the finding that other farmers 
were often the first source of seed for new varieties, reinforces the conclusion that 
local sources of 'iflormation about new wheat technology remain nearly as important 
as they were when the Green Revolution began (Lowdermilk 1972). 

Farmers interviewed for this study mentioned extension as a major source of 
information slightly more often than fhrmers in Lowdermilk's study. Extension was 
mentioned more frequently in the cotton zone and Mardan, where adoption was 
slower, than in the rice zone. This response corresponds to Lowdermilk's findings. In 
earlier stages of adoption, fhrmers in contact with Formal sources of information are 
more likely to be adopting the new technology. 

Two alternative variables were used to reflect village effects. The first, VIL, was the 
percentage area planted to new varieties in the surveyed village as identified by the 
breeders (Chapter 3.1 The second was a dummy, ROAD, indicating whether or not 
the farmer's village was on a metalled road. 

Table 6.9. Source of information about new wheat varieties, from farmers 

planting them 

Percentage of farmers 

Rice zone Cotton zone Mardan 

Other farmers 69 48 57 
Extension 14 30 28 
Seed depot 9 8 7 
Radio 8 12 4 
Other -- 2 4 

11 	 This variable was transformed by subtracting the mean and dividing by the standard 
deviation to make it more nearly the same magnitude a!, the other variables. 
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The variables described above were used to predict whether or not a farmer would be 
aware of new varieties. In addition, four opinion variables were added to the analysis 
of adoption for those farmers aware of new varieties. Since the opinion variables 
were highly interrelated, variables for straw yield and shrivelling were dropped. For 
the others (yield, chapatiquality, late planting performance, and shattering 
resistance), dummies were included with a value of one if the farmer thought the 
new variety was clearly superior with respect to the characteristic and zero if the 
farmer favored the old variety, thought them both the same, or did not know. The 
chapati/bakingquality variable was dropped from the cotton zone equation as its 
inc'usion led to instability in the coeflivients ofthe other variables. 

Awareness of new varieties-The inultivariate analysis uses some of the 
variables described above to predict the probability that a farmer was aware of new 
varieties. This analysi3 had most predictive power, and more coefficients were 
significant with the expected signs, for the rice zone, where diffusion of new varieties 
had proceeded farth, st at the time of the survey. 

Across all zones, the human capital variables most strongly related to awareness of 
new varieties were education and literacy. In the cotton zone, farmers with some 
education were significantly more likely to be aware of new varieties than farmers 
with no education. In the rice zone, farmers with more than eight years of education 
were much mor likely to know about new varietie.,. Age coefficients were significant 
in the rice zone. implying that, as a farmer's aged increased (up to the late forties), so 
did the likelihood that the farmer would know about new varieties; after the late 
forties, the likelihood decreased (Table 6.10). 

Only in Mardan did increasing farm size significantly increase the probability that 
the farmer would be aware of new varieties. In the rice zone, owners were somewhat 
more likely than tenants to know about new varieties. 

Contact with information sources was significant only in the rice zone. Farmers who 
listened to agricultural radio programs were much more likely to be aware of new 
varieties; extension contact als) had a significant effect. However, given tha'. most 
farmers said they first learned about new varieties from other farmers, it is likely 
that radio and extension contact did not cause varietal awareness. Rather, farmers 
who actively sought agricultural information through these and other channels were 
also more likely to know about new varieties.1 2 

In contrast to the results fbr formal information sources, which are limited and 
difficult to interpret, characteristics of the village in which the farmer lived did seem 
to have an effect on whether a farmer had heard about new varieties. In both the rice 

12 	 This is an example of probable specification error. The "true" model might have a 
variable called "active information seeking" that would affect both varietal awareness 
and use of information media. 



Table 6.10. Factors affecting awareness of new wheat varieties, probit analysis 

Independent
 
variablesa Rice zone 

AGE 0.0860 
(1.78)* 

ASQ 	 -0.000809 
(-1.66)* 


LIT 

EDI -0.202 
(-0.624) 

ED2 1.00 
(2.36)** 

LNSIZE 	 0.198 
(1.32) 

OWN 0.594 
(1.72)* 

EXT 0.614 
(1.84)* 

RADIO 0.808 
(2.79)*** 

VIL 	 0.616 
(3.76)*** 

ROAD 

Constant 	 -2.79 

n=143 
x'(9) =47.1 

Cotton zone 

0.00369 
(0.0729) 

-0.0000563 
(-0.0989) 

0.822 
(2.86)*** 

1.09 
(2.96)*** 

0.0412 
(0.335) 

-0.172 

(-0.642) 


-0.202 

(-0.729) 


-0.133 

(-0.561) 


0.535 
(1.88)*
 

-0.378 


n= 144 
X'(9 ) = 18.3 

Mardan 

-0.104 
(-1.42) 

0.00118 
(1.44) 

0.559 
(1.30) 

0.404 
(2.05)** 

-0.477 
(-1.30) 

0.472 
(1.17) 

-0.132 
(-0.426) 

0.379 
(2.19)** 

1.93 

n=88
 
X'(8 ) = 16.9
 

Note: 	Asymptomatic t-values in paretheses; *** indicates significance at the 1%level; ** 
at the 5/ level; and * at the 10% level. 

a 	 Dependent variable is AWA: dummy variab!e = 1 if farmer was aware of new wheat 
varieties. 
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zone and Mardan, tile larger the proportion of total village wheat area covered by 
new varieties, as estimated by the breeders' ziurvey (Chapter 3), the greater the 
likelihood a farmer living in that village would know about new varieties.' In the 
cotton zone, the results were less striking. Nonetheless, farmers in villages on paved 
roads were nmore likely to know about new varieties. 

These results show that across zones two factors were more likely than others to 
significantly influence awareness of new varieties. One was education or literacy, 
which was positively related to varietal awareness in both Punjab zones. Literacy 
was also a sign ificant determinant of seed depot knowledge in Mardan (Chapter 5), 
suggesting that literate fhrmers are generally more likely to have information about 
new agricultural technology. The other factor significantly influencing awareness of 
new varieties was the village in which the firmer was located. This result 
strengthens the conclusior that farmer-to-farmer t ransfer of information as well as 
seed is a basic channel of comnmunication for- Wheat technology. Farm size was an 
important factor only in Mardan, where the seed system is least developed, diffusion 
of new varieties was not as advanced at the time of the survey, and fewer farmers in 
the survey were literate. 

Adoption of new wheat varieties-Once farmers are aware of new varieties, the 
major factor influencing adoption appears to be farmers' perceptions of a new 
variety's characteristics compared to those of the variety they are growing. 
Responses of farmers who knew about new varieties were analyzed to determine 
whether or not the, would be planting one or more of the new wheat releases. Few of 
the other variables used in the analysis of varietal awareness w~re significant in 
distinguishing Farmers who planted new varietiis from those who only knew about 
them (Table 6.11). The quadratic specification fbr age was significant only in the 
cotton zone. Literacy was significant in Mardan, but the sign was in the wrong 
direction. Increasing farm size raised the probability that a farmer had adopted a 
new variety in the cotton zone and Mardan. This suggests the hypothesis that large 
farmers may be somewhat more likely to be early adopters of new varieties. In the 
rice zone, on the other hand, where diffusion of post-1978 releases had proceeded the 
farthest at the time of the survey, farm size had no significant effect on adoption." 

13 	 Though it is clear that village location was an important determinant of varietal 
awareness, attempts to explain why one village would have a greater proportion of 
wheat area under new varieties than another, in terms of other village
characteristics, were unsuccessful. 

14 	 Another effect of farm size is not visible in the probit analysis separating adopters
from nonadopters. Larger farmers were more likely to plant both a new variety and 
an o!d variety. Smaller farmers were more likely to specialize in either a single old 
variety or a single new variety. This relates to tle relationship already noted between 
farm size and number of varieties planted. It is also visible in a logit analysis that 
predicts the probabilities that farmers fall into one of three categories: planting only
old varieties, only new varieties, or planting both (Tetlay et al. 1987b). 



Table 6.11. Factors affecting adoption of new wheat varieties by farmers 
aware of them, probit analysis 

Independent
variables, Rice zone 

AGE -0.0393 
(-0.458) 

ASQ 	 0.000563 
(0.604) 

LIT 0.177 
(0.281) 

LNSIZE 0.164 
(0.710) 

OWN -0.0112 
(-0.0114) 

EXT -0.506 
(-1.11) 

VIL 0.266 
(1.30) 

ROAD 

YIFLD 0.932 
(2.27)** 

CHAP 	 0.296 
(0.527) 

LATEPL 0.852 
(1.70)* 

SHRES 1.45 
(2.24)** 

Constant -0.0426 

n = 75 
x((1 1 ) = 28.4 

Cotton zone Mardan 

0.381 -0.235 
(2.06)** (-1.40) 

-0.00384 0.00269 
(-1.95)* (1.38) 

-1.15 -2.37 
(-1.23) (-2.04)** 

0.809 0.968 
(1.82)* (2.14*; 

-0.0751 0.866 
(-0.0663) (0.784) 

-0.66:3 -0.233 
(-0.709) (-0.334) 

0.131 
(0.350) 

0.581 
(0.714) 

2.52 2.28 
(2.15)** (3.00)*** 

-0.588 
(-0.842 

3.10 0.665 
(2.76)*** (0.820) 

1.01 0.0568 
(1.10) (0.072) 

-10.2 3.19 

n = 55 n = 41 
X'(10 ) = 40.0 X 1) = 27.7 

Note: Only farmers aware of new varieties are included in the analysis. Asymptomatic 
t-values in parentheses; indicates significance at the 117 level; *' at the 5% 

level; and * at the 1017 level. 

a 	 Dependent variable is PLANT: dummy variable = 1 if farmer planted one or more 
new varieties. 
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Tenure, extension contact, and village effects appeared to play no role in the actual 
adoption of new varieties. These results differ from those for awareness (Tables 6.10 
and 6.11). The most significant variables overall recorded Fhrmers' perceptions of the 
new variety's performance compared with that of the old variety."r In all three zones, 
farmers who believed that new varieties clearly yielded better were significantly 
more likely to be planting them. In the cotton zone and the rice zone, opinions 
concerning late planting performance were also important. This variable was 
particularly significant in the cotton zone, as one might expect given th large 
proportion of wheat planted late in that area. 

Belief' concerring shattering resistance were important only in the rice zone. Again, 
this result makes sense because Punjab-81 was planted extensively in the rice zone 
in 1985-86 and its susceptibility to shattering is well known. In contrast, opinions on 
chapati quality did not significantly affect planting behavior. This means, for 
example, that in the rice-wheat area ftrmers' preference for chapatis made fr'om 
Yecora did not stop them from changing to varieties perceived to be higher yielding 
or better for late planting. 

These probit regressions, while emphasizing the importance of farmers' perceptions 
in determining adoption behavior, do not explain how farmers' opinions are formed. 
A partial explanation may be found in the estimated equations with the perceived 
ciaracteristics variables left out. These equations, not reported here, had little 
explanatory power. The single variable that did become significant in the rice and 
cotton zones was the percentage of village wheat area covered by new varieties. In 
Mardan, this variable became significant at the .20 level. This suggests the 
hypothesis that informal village demonstration effects, in addition to increasing 
awareness of new varieties, might also encourage adoption by giving fhrmers a 
greater opportunity to observe favorable characteristics of the new varieties. 

The proportion of village wheat area planted to new varieties was obviously 
important in explaining varietal awareness, and possibly adoption as well. 
Nonetheless, obvious village characteristics such as distance to the nearest seed 
depot did not explain varietal proportions in simple Ordinary Least Squares 
regressions, nor did they explain awareness and adoption when entered directly into 
the probit regressions reported in Tables 6.10 and 6.11. 

Conclusions 
The analysis of varietal diffusion presented here focused on two stages: information 
and adoption. This chapter's findings tend to reinforce the conclusions of the 
previous one. Farmer-to-farimer transfer of both information and seed plays a major 
role in seed diffusion. This has been seen in several ways: other farmers are an 

15 	 A more sophisticated model might treat farmers' perceptions of the new variety and 
their adoption behavior as determined simultaneously. 



important general source of seed; other farmers are the most important source of
 
information about new varieties; other farmers a,'e a major source of seed of new
 
varieties; and the proportion of wheat under new varieties in a village influences
 
farmers' awareness of new varieties.
 

Education or literacy appears to be the most important characteristic related to 
information about new varieties, seed depot location, and so on. Extension contact is 
more ambiguous. Findings reported in the previous chapter indicated that extension 
contact oflen appeared to be related to farier information, but in this chapter, there 
were few links between extension contact and simple awareness of new varieties. At 
the same time, farmers in tile cotton zone and Mardan, where nw varieties had 
spread less widely at the time of the survey, were more likely to cite extension as 
their initial source of information about new varieties. One tentative explanation for 
that phenomenon is that extension is a more important source of information For 
early adopters (Lowdernilk 1972). Since the nmjority of farmers had only been 
growing new varieties for one or two years at the time of the survey, this hypothesis 
was not directly confirmed by the data. If' the hypothesis were correct, it would imply 
that the influence of extension spreads beyond the farmers with whom extension 
personnel are directly in contact. 

Farm size appears important in several ways. Larger farmers are initially more 
likely to get sced of new varieties from the forimal seed system; larger farmers are 
more likely to adopt new varieties when the overall rate of diffusion is relatively
slow; and larger farmers are more likely to be partial adopters, growing old varieties 
along with new ones. Furthermore, large farmers are apt to be literate and have 
better extension contacts. These variables have been shown to affect seed depot 
contact, and literacy in particular influences awareness of new varieties. When 
diffusion begins to proceed more rapidly, the adoption behavior of larger and smaller 
farmers differs little except for larger farmers' greater tendency to diversify. Smaller 
farmers lag behind, not because they are reluctant to change, but because they are 
less likely to have full information about the new varieties in the initial stages of 
adoption because of lower literacy and fewer extension contacts. 

When farmers do become aware of new varieties, the most important factors 
determining adoption appear to be seed availability and iarmers' perceptions that 
the new variety will yield more than their old one. Other factors, such as late 
planting performance or resistance to shattering, are important depending on the 
cropping system of a particular area or its current varietal mix. 

i 



Chapter fl 
I Conclusions 

Paul W. Heisey 

Varietal replacement in cereals and legumes is important to farmers because new 
varieties may be superior to their old ones in yield or other desirable characteristics. 
Furthermore, a farmer's old variety may have deteriorated in yield because of seed 
intermixture, loss of germination potential, loss of resistance to diseases or pests, or 
other genetic deterioration resulting from cross-pollination. The relative importance 
of these fhctors is related to species: cross-pollination is very important in maize and 
of limited interest in self'pollinating crops such as wheat or rice, whereas diseases 
and pests may he ofgr'eater consequence in wheat or rice than in maize. Some, but 
not all, of these reasons for changing variety could also influence a farmer to obtain 
new seed of a variety he or she already grows. In this report, however, we have 
presented a case study for one crop, wheat, in one country, Pakistan, and our 
primary interest has been varietal replacement rather than seed replacement. 

Policy makers may also be interested in the rate of varietal replacement. A faster 
rate of replacement might mean higher rates of return to research. Furthermore, 
compared to individual farmers, society as a whole might place a greater value on 
preventing epidemics of diseases and pests, and so even without institutional 
constraints to more rapid replacement, policy makers might want to influence the 
speed of varietal replacement. 

The Process of Varietal Replacement 
A large a- iount of literature from many disciplines hs been concerned with "Green 
Revolutions"-the adoption of semidwarf wheat and rice varieties, or of hybrid 
maize. Green Revolutions might be viewed as instances of aggregate varietal 
replacement, although varietal replacement can take place at both the aggregate and 
the individual farmer level without being characterized as a "revolution." The 
distingui hing feature of a Green Revolution might be a relatively dramatic increase 
in yield, intimately related to particular genetic characteristics (e.g., dwarfing, 
photoperiod insent:itivity), and, at least historically, to much higher economic optima 
for complementary inputs such as fertilizer. The differences betwecn the most 
dramaLic of revolutions and the most ordinary cases of' varietal replacement are, 
however, differences of degree rather than kind, and this study has shown that many 
of the fa'otors influencing varietal change at one end of the continuum can also 
operate during periods of less overt technological change. 

This report has focused on wheat in Pakistan in the post-Green Revolution period. 
The following conclusions are therefore specific to crop, place, and time. However, 
they can alsn be viewed as hypotheses that might apply in different situations, 
perhaps after modification.I Four general areas are considered: the role of the 

I 	 In some cases similar hypotheses have been tested in different circumstances--wheat 
in Australia (Brennan and Cullis 1987); soybeans in the southern USA (Houston et al. 
1989).

MWO
 



research system in supplying new varieties; the rle of the seed system in 
di-serninating new varieties; sources of inflormation concerning tile existence,
availability, and characteristics of new varieties; and tile influence of yield and other 
varietal characteristics on farmer demand for varietal replacement. 

The shift to reliance on a formal research system fir improved crop technology, 
including varieties, might be an additional teature of "Green Revolutions" described 
above. Though "s-i Ance-based" research played a part in crop improvement before 
periods of marked shifts in technology, it clearly became ii much more identifiable 
source of"improved gerniplasil during and after periods of rapid technological
change. In Pakistan's PunJab, for example, contrast the total reliance on local wheat 
land races before 191!I the 11 varieties released between 1911 and 1965; and tile 27 
new varieties released between 1965 and 1985. Though lain tenalce resea rch might
be expected to play a larger pal" in the breeding eltbrt in the post-(reen Revolution 
period (L tIckneti and Sot ith 1.986 , it is clear from the record that wheat breeding 
has also contributed substantially to yield gains in Pakistan sincc 1965. 

"(reen Revolutios'" in) addition malrk a shift from the use of seed that is selected 
(lit irely by the fa'rIe'. o Obtained from iother fil'mers, to an increasing Iole for a 
16-1ial seed production and dissemination system. Obviously 'brself*pollinating 
crops like wheat farulers will cootin tie to maintain their own seed supplies, as they
do iithe world's large cereal exporters. Nonetheless, an active seed network, closely
linked with hoth agricultural rescarch and extension, is a pr'erequisite for more rapid
varietal replacement in the post-(,l'e4 In.evolhition period. (Comparingthe weighted 
average age since release of' wheat variet ies (9- 11 years inPakistan's Punjah,
probably longer in other pal'ts (f the country) with the weighted length of time 
farmers had been growing thzir current varieties in our, survey (two-and-a-half to 
three years in the Punjab, solnewhat over five years in Mardan ) suggests that there 
have been significant lags between varietal release and widespread seed availability.
Furthermore, many fi'irnei's who eventuall' get seed of' more recent wheat releases 
from other farmners would proba)ly buy seed from seed depots if'tihey were aware 
sooner of new varieties' existence and convinced of' their improved characteristics. 

Instead, however, seed systems are often viewed primarilv as guarantors of' seed 
quality rather than as agents of' varietal replacement. Even with a shift in emphasis
toward the latter role (without forsaking quality as an objective), tile problems of 
planning seed supply and distribution remain foirmidable. In general, basic planning
decisions, sLch as dfeciding the total amount of' seed to produce, determining the mix 
of varieties to produce, and setting the marketing strategy, are more difficult than 
the more technical problems of seed production itself'. 

The agricultural information system, par'ticularly agricultural extension, has a 
rather complex influence on the process of varietal replacement both during and 
after periods of rapid technolog-ical change. In this study, for example, we found that 



contact with extension was significantly related to knowledge of the formal seed 
system, but in general not significantly related to varietal awareness and adoption. 
Some evidence, however, indicates that for early adopters extension might be an 
important first source of information about new varieties. 

Similarly, the effects of fhctors expected to influence farmers' ability to process 
information (literacy or formal education) are also complex. We have reported that 
these farmer characteristics do appear to influence farmers' knowledge of the formal 
seed system and of new varieties but do not seem to affect actual adoption behavior 
given varietal awareness. 

Much evidence suggests that the transfer of knowledge from fhrmer to farmer (both 
general information concerning new wheat technology and "specific" information 
embodied in new seed) is the single most important factor in varietal replacement. 
This appeared to be true both at the time of Pakistan's Green Revolution and at the 
time covered by this report. We hypothesize, however, that higher educational levels 
and more sophisticated extension messages potentially have a much greater role to 
play in post-Green Revolution varietal replacement. 

Given the efthcts of all these other institutional variables, farmer demand still 
substantially affects the rate of varietal replacement. Theoretically, many factors, 
including seed price and learning costs, can affect this rate (Heisey and Brennan 
1989). Nonetheless we conclude that the single most important factor affecting 
farmers' demand for new varieties is perceived yield advantage. This factor appears 
both in farmers' statements and in statistical relationships attempting to explain 
farmers' actual behavior. Note too the slower spread of more recent wheat rel.eases in 
the cotton zone of the Punjab, despite the fact that seed production and distribution 
in the Punjab is most concentrated in that zone. More recent releases had less yield 
advantage over the variety dominant at the time of our study in the cotton zone 
compared to other surveyed areas.2 

Other varietal characteristics also affect demand, but they tend to be much more 
location and time specific than yield. Disease resistance per se was not found to be an 
important farmer consideration in this study, as farmers' knowledge of wheat 
diseases was rather limited. Replacement varieties must have acceptable grain 
quality, but in general quality has become a much less influential factor in post-
Green Revolution wheat production in Pakistan.:' On the other hand, with increased 
emphasis on double cropping, performance at late planting has become a more 

2 	 See Brennan and Cullis (1987) and Houston et al. (1989) for other empirical 
evidence from different countries on the influence of varietal characteristics, 
including yield, on varietal replacement and seed sales. 

3 	 Wheat grain and straw quality may still be of relatively greater importance in 
some parts of Pakistan, such as rainfed or mountainous areas. 
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important criterion for wheat varieties in some areas. This, too, has probably 
affected varietal replacement in the cotton zone. Most of the relatively successful, 
more recent releases have been full-season varieties. Although they yield at least as 
well as earlier maturing varieties when planted late, this fact has not been widely 
recognized. In the cotton zone, as WL-711 continues to be phased out, it has been 
replaced as much )y Blue Silver (an Old, early, andI also rust-susceptible variety) as 
by Pak-81, a more recent full-season release that pert orms well at late planting 
(Azeem et al. 1989). 

Investigating Varietal Replacement 
This study has used a number of' different inethods--institutional analysis, analysis 
of research data, firmor surveys- -to investigate wheat varietal replacement in 
Pakistan. To examine varietal replacement at all, one element is crucial: a
reasonably reliable method of' determilning which vari.;es are grown by fhrmers, and 

over what proportion of the total crop area. Specific data sources concei n ing variety 
are unlikely to exist, but varietal inlfornmation ma' be collected as a part of'other 
exercises designed to estimate irvas, yields, and production, or to monitor basic 
technllogical practices. Among the cereals, va'ietal infOrmation should hw. easiest to 
obtain flor crops like hybrid maize; somewhat more difficult t(o elicit for self, 
pollinating crops such as wheat Or rice: and most difficult Fir cross-pollinating crops 
such as open-pollinated nmize where it is difficult to identiFy, a variety which has 
become mixed over time . 

To analyze the productivity of' wheat breeding research, we have used experimental 
or observational data on vield gains and on other characteristics such a disease 
resistance. A description ol' the seed production and marketing system, data 
concerning seed production by xvariety and seed pricing, and data about farmers' seed 
sources were employed to examine the present and potential role of' the seed system 
in varietal replacement. Farm surv'ey data provided us with information concerning 
farmers' seed sources and allowed us to analyze their knowledge of' new varieties, 
their stated reasons for certain choices, and the statistical relationships between 
their characteristics and their actual behavior. All o' these other methods used here 
may be more or less useful depending on the varietal replacement question to be 
considered and the costs of'obtaining data. 

Recommendations for Pakistan 
Some specific recommendations fio" Pakistan follow from the studies presented in 
this report. In some cases they may be useful in addressing problems in other 
countries where varietal replacement is not as rapid as might be desired. The need 
for appropriate policies related to varietal replacement and seed production is still 
as urgent in Pakistan at the start of' the 1990s as it was when the research described 
in this report was initiated. Pak-81, released at the beginning of the 1980s, is 
approaching its maximum area coverage in some regions just as its resistance to rust 



is beginning to break down. Blue Silver has been placed on the banned list even 
though the area planted to Blue Silver continues to increase in parts of the Punjab. 
Unless policy makers, extension workers, and scientists develop a common program 
of action to address this problem, tile farmers of Pakistan will remain vulnerable to 
the considerable--and growing--risk ofa rust epidemic. 

Varietal replacement and release-The number of wheat varieties released must 
be maintained at least at current levels in Pakistan. Furthermore, breeders should 
aim to increase genetic diversity in their elite materials, as genetic diversity is a 
better defense against rust than varietal diversity per se.' Breeders should consider 
multiplying more seed of the most promising varieties before release. To enable 
earlier evaluation of a variety's commercial potential, more fairmer evaluations of 
varieties should be sought before release. rhe varietal naming system should 
produce distinctive names that are easily recognized by farmers, rather than similar 
names that lead to confusion in farmers' minds. This kind of naming system would 
help educate farmers concerning potential differences in varieties and make varietal 
monitoring less difficult. 

Monitoring wheat varieties grown by farmers--To formulate appropriate 
actions aimed at promoting varietal diversity and more rapid varietal replacement, 
wheat scientists and policy makers (fbr example, in Pakistan, the members of the 
Federal Committee on Agriculture) must be aware which whcat varieties farmers 
are growing. In tile Punjab, the Crop Reporting Service iCRS), Lahore, should 
continue varietal monitoring through fhirmer interviews. In other provinces, 
particularly Sind and NWFP, the CRSs should be encouraged to add simple varietal 
identification questions to their yield estimation schedules. Enumerators should be 
trained to avoid prompting fhrmers and to record "don't know" answers. The CRSs 
should work with wheat breeders and the Agricultural Economics Research Unit 
(AERUs) of the Pakistan Agricultural Research Council to design the questions and 
train enumerators. 

The CRS estimates of wheat varietal coverage for a given wheat season should be 
circulated rapidly and widely, to policy makers, wheat breeders, and pathologists, in 
February or March of each season. The Planning Unit, Food and Agriculture 
Division, Ministry of Food and Agr'iculture should discuss with CRSs the legitimacy 
of using current sampling designs to produce estimates of varietal coverage for major 
cropping systems. Interested institutional representatives, for example wheat 
researchers, should be party to these discussions. 

4 	 Several measures to speed varietal change or promote genetic diversity do not follow 
directly form this report but deserve mention: streamlining varietal testing by 
planting National Uniform Wheat Yield Trials (NUWYTs) and microplots at the same 
time rather than successively; maintaining backup materials for quick multiplication 
in case of a rust epidemic; and developing mutlilines or varietal mixtures. 



Finally, the special studies discussed in Chapter 3 should be continued in the same 
villages sampled by the AERUs. This will permit more longitudinal analysis of the 
proc.ess of varietal change within given cropping systems. 

Seed production and marketing-Seed production capability is less of a 
constraint to faster dissemination of new wheat varieties than the difficulty in 
deciding which varietie ; to multiply and the lack of seed promotion. Nonetheless, 
potential production changes would make new varieties available more rapidly The 
possibility of increasing seed out of season should be considered. Breeders currently 
use the Kaghan summer nursery to advance their lines; a somewhat larger facility 
could be used for seed production. Seed certification standards should be reviewed to 
see if they emphasize seed quality at the expense of' rapid multiplication. 

Private marketing of wheat seed should be encouraged through better commissions 
paid to dealers. Financial incentives might be given to dealers contingent on their 
own active seed promotion. Eventually, marketing by registered growers, who are 
the last stage in the production process, should be considered. 

Seed of new varieties should be available in smaller packets so farmers can test and 
multiply their own seed. Packaging should be distinctive to maintain consumer 
confidence. 

Improved promotion and marketing of seed necessitate increases in seed price. This 
increase would not be incompatible with more rapid varietal replacement. Increases 
in the seed price should be timed to coincide with periods in which strong demand for 
seed is expected. 

Extension and demonstration of new wheat varieties-Extension, seed 
corporations, and research should cooperate more closely in varietal demonstrations. 
Demonstrations should be planted much more widely in major wheat growing areas: 
each village over a given size should have at least one demonstration. Seed for 
demonstrations should be provided to extension. Demonstrations should be grown 
under farmer management, and some should be planted at later than optimal 
planting dates. These demonstrations should be simple; they should include two or 
three new varieties at most, along with the farmer's variety. This contrasts with the 
current system in the Punjab of planting up to 10 varieties in one demonstration 
trial. A field day fbr local farmers should accompany the harvest of the 
demonstration plot. Seed from new varieties in demonstrations should be distributed 
to farmers, although extension should not be seen as the primary agent for the 
delivery of inputs such as seed. Extension should also increase the amount of' 
information it makes available about wheat diseases. Radio campaigns should be 
stepped up to increase farmers' knowledge of new varieties and rust problems. 

Hi
 



FurtherResearch on Varietal Replacement 
The case of Pakistan clearly illustrates the importance of' regular varietal 
replacement for farmers and for the nation as a whole. The studies described in this 
report offer a means to evaluate the complex relationships between wheat breeding, 
varietal testing, and release; seed production and distribution; extension; 
government policy; and varietal change at the fhrner level. Nonetheless there are 
areas in which our knowledge of factors relating to varietal replacement is limited or 
nonexistent. 

Future studies might, for example, develop methods of determining rough objectives 
for the number and genetic diversity of' varieties to be released by mature plant 
breeding programs in countries with large areas planted to the crop in question. 
That kind of analysis, expanding on the methods presented in Chapter 2, should 
consider appropriate measures of genetic diversity (Priestly and Bayles 1980), the 
size and diversity of the production zones targeted, and the cost of achieving 
different degrees of' diversity. The analysis should also consider the level of 
sophistication in marketing and infbrination delivery by the seed and extension 
system responsible for transferring new varieties to fariners. 

We have highlighted the difficulties of' planning seed production and supply, 
especially when foirmal seed production is seen as an instrument of' varietal 
replacement. Further research might begin with case studies of seed systems with 
different degrees of'success in marketing seed of'different crops. Such studies do 
exist; what is needed is to add the perspective of varietal replacement to the legal 
and institutional de,;cription they often contain. 

Additional research is also required to verify empirically the relative strengths of the 
factors influencing fhrmers' demand for replacement seed. From the disciplinary 
point of view of economics, one of the more diflicult conceptual issues is how to 
separate out availability constraints from actual demand components. In the few 
studies done to date relating to seed demand, including this one, availability 
constraints have simply been introduced as proxy variables in what is essentially an 
analysis of the demand side of the market. Another conceptual problem, particularly 
for crops for which farmers can maintain their own seed, is how to move from an 
abstract understanding of the factors influencing farmers to obtain seed of new 
varieties to a concrete set of planning tools f'or seed producers. 

Finally, studies of other countries and particularly of other crops would help to 
sharpen our understanding of the features of varietal replacement that are universal 
and of the changes in assumptions and methods necessary to analyze factors more 
specific to time, place, and particular crops. 

i 
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