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Introduction 

Although there is much debate about the role of scientific plant breeding in the possible 

reduction of genetic diversity in commercially grown crop plants, few studies have 

recorded breeders' actual use of materials and their opinions about genetic diversity. One 

example, for U.S. agriculture, is the comprehensive study by Duvick (1984). In 1995, as 

part of a global, semi-annual survey of national wheat research programs, CIMMYT asked 

wheat breeders some basic questions about their use of germplasm materials by breeding 

goal and their opinions about varietal protection and genetic diversity. 

CIMMYT's study found that, around the world, wheat breeders working in national 

agricultural research programs use advanced lines and released cultivars more often than 

other types of germplasm in their crosses, but they use wild relatives and landraces in the 

pursuit of specific breeding objectives, such as resistance to disease or abiotic stress. 

CIMMYT germplasm is used at least as often in breeding for disease resistance as for 

yield. Wheat breeders in both high-income and developing countries generally believe that 

the primary effect of varietal protection would be to reduce their free use of advanced 

lines (as compared to other types of germplasm materials) from other countries. Most 

wheat breeders are concerned that, in the future, scientific advances may be inhibited 

because wheat genetic diversity is not available for their use; this concern is less 

pronounced among those working in high-income countries. 

Data 

In early 1995, a brief questionnaire was developed among CIMMYT scientists and 

distributed personally or by mail to 168 wheat scientists working in breeding programs in 

52 countries. Of the 115 breeders (68%) who responded,' 38 (33%) work in high-income 

countries, and 69 (60%) work in developing countries.2 A third subgroup, composed of 

1 A response rate of 68% is relatively high for a mail survey. Response rates are generally low for this type of survey 
because mailing lists are difficult to maintain and because respondents have fewer incentives to return questiOIUlaires when 
they are not face-to-face with interviewers. 

2 Classification of countries as high-income or developing was based on the World Bank's World Development Report 
(1994) . 
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only 8 wheat breeders in the Former Soviet Union (FSU) or Eastern Europe, was classified 

separately because these nations have some socioeconomic characteristics usually 

associated with both high-income and low-income countries. The FSU and Eastern 

European nations are also important in the history of wheat breeding and diffusion, both by 

farmers and by scientists. They are major contributors of most commonly used breadwheat 

landraces, emmer, and other wheat forms; they have also contributed scientifically bred 

materials to the wheat cultivars grown throughout the world today (Cox 1991; Smale 1995). 

The distribution of respondents by region is shown in Appendix Table 1. Among 

developing countries, those located in South Asia, West Asia, and the Southern Cone of 

South America are the most well represented. High-income countries include major wheat 

producers found in Western Europe (Denmark, France, Germany, Italy, the Netherlands, 

Spain, Sweden, Switzerland, United Kingdom), North America (U.S. and Canada), and 

Australia. FSU and Eastern European nations include the Russian Federation, Kazakhstan, 

Ukraine, Bulgaria, Poland, Hungary, and the former Czechoslovakia. 

The original list of scientists was compiled in consultation with wheat program scientists 

and their national collaborators and with reference to databases from previous surveys 

implemented by CIMMYT. Respondents represent a set of key informants; they do not 

constitute a statistical sample. They have responsibility for sub-national or national 

programs of varying sizes: some serve areas smaller than 100,000 ha; others serve areas of 

several million ha. European respondents often worked with winter-habit breadwheats in 

highly industrialized economies with commercialized wheat production sectors. In contrast, 

most of the respondents from the developing world work with spring-habit or facultative 

breadwheats in more differentiated production sectors.3 A few, such as those working the 

North African and West Asian countries, work primarily with durum wheats. 

J Spring wheat does not require vernalization by low temperatures, but is not cold tolerant. Winter wheat requires 
vernalization by low temperatures to allow transition from the vegetative to the generative phase. Facultative wheat is 
cold tolerant spring wheat. 
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Types of Parent Materials Used by Wheat Breeders 

Diversity ofGermplasm Type in Crossing Blocks 

One measure of the genetic diversity in breeders' materials is the breadth of the materials 

(by type) in the nurseries containing the parental stocks for their crossing programs. These 

nurseries are called crossing blocks. 

Table 1 presents by region the average distribution of entries used in the crossing blocks of 

wheat breeding programs during the most recent growing season.4 On average, wild 

relatives constitute a very low proportion (0.8% for the world) of the materials used in the 

crossing blocks. Regions most likely to use wild relatives are West Asia, South Asia, and 

East Asia (represented by China and Mongolia). These are regions where the relatives of 

breadwheat are still found in wild and cultivated forms, although that in no way implies that 

they will be used in crosses. The frequency of landrace use is generally higher than that of 

wild relatives, but remains fairly low (7.5%) compared to other categories of materials. The 

use of landraces appears greatest in North Africa and West Asia-regions were traditional 

durum wheats are still widely grown and where adaptation to harsher environments is 

critical. As expected, breeders who use landraces tend to use those of national (rather than 

foreign) origin if available. 

More than any other category of parent material in their crossing blocks, respondents from 

all regions appear to give top priority to the advanced lines of their own programs. Table 1 

shows that in the crossing blocks of wheat breeders in developing countries, CIMMYT lines 

and released cultivars are the second most heavily used type of germplasm. The importance 

of lines from CIMMYT International Nurseries in the crossing blocks of developing 

countries illustrates 1) that CIMMYT collaborates more closely with research programs in 

the developing world and 2) that CIMMYT's materials are particularly suited to spring 

wheat production in lower latitudes. For the high-income countries, the FSU, and Eastern 

4 Most frequently, the last growing season for survey respondents was 1994. 
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Europe, the second most important materials entered in crossing blocks are released 

cultivars, followed by advanced lines from other countries. Landraces are more often used 

by developing countries than by high-income countries, the FSU, or Eastern European 

countries. The "other" parent materials, which include lines from other domestic breeding 

programs, from breeding programs of other countries, from other lARes aside from 

CIMMYT, and from special nurseries generally constitute a low proportion (5.0%) of 

materials entered in crossing blocks. 

Table 1. Type of parent materials in wheat breeders' crossing blocks, by region, 1994. 

Average percent of entries 

Landraces CIMMYT 
Wild local foreign Advanced Lines Released IntI. 

Region relatives origin origin own foreign cultivars nurseries Others Total 

Eastern and� 
Southern Africa 0.6 0.0 0.3 49.7 8.1 12.5 24.7 4.1 100� 

North Africa 0.0 14.0 6.5 24.1 16.6 16.1 22.7 0.0 100� 

West Asia 1.3 14.5 0.5 19.7 19.3 18.1 18.1 8.5 100� 

South Asia 1.1 6.8 3.6 31.5 9.8 17.3 20.9 9.0 100� 

East Asia 1.4 4.8 2.3 53.2 7.0 22.1 8.8 0.4 100� 

Mexico 0.0 1.7 0.0 23.3 0.0 11.7 63.3 0.0 100� 

Andean Region 0.0 1.7 0.0 6.7 1.7 5.1 84.5 0.3 100� 

Southern Cone� 
of South America 0.0 4.3 1.8 41.1 7.6 14.5 25.8 4.8 100� 

Developing countries 0.8 6.3 1.8 34.9 9.8 16.1 25.3 5.0 100� 

FSU and� 

High-income� 

Eastern Europe 0.1 1.8 4.1 49.9 14.3 24.3 3.5 2.0 100� 

countries* 0.9 1.8 4.9 46.3 12.4 18.3 9.9 5.5 100� 

World 0.8 4.5 3.0 39.7 11.0 17.4 18.6 5.0 100� 

* Include countries of Western Europe, North America, and other high-income countries as classified 
by the World Bank (1994).� 

Source: CIMMYT World Wheat Facts and Trends Survey (1995).� 
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Temporal Diversity in Crossing Blocks 

The annual replacement rate for entries in crossing blocks is an indicator of temporal 

diversity in parent materials over time.s The most rapid turnover of materials per year (59%) 

is found among respondents in the high-income countries (Table 2). Wheat breeders in the 

FSU and Eastern Europe, and those in eastern and southern Africa, also replaced a fairly 

high percentage (over 40%) of their materials each season. The high replacement rate for 

eastern and southern Africa probably reflects specific disease problems in the area. 

Replacement rates are lowest in the Andean region, and in Mexico and South Asia they are 

below the average for the developing regions. 

Table 2. Replacement rate for entries in wheat breeders' crossing blocks, by region, 1994. 

Percent of entries 
Region replaced annually (%) 

Eastern and Southern Africa 43 

North Africa 33 

West Asia 30 

South Asia 26 

East Asia 32 

Mexico 20 

Andean Region 14 

Southern Cone of South America 30 

Developing Countries 30 

FSU and Eastern Europe 45 

High-income countries' 59 

World 41 

• Includes countries ofWestern Europe, North America, and other high-income countries as classi
fied by the World Bank (1994). 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 

S This notion is similar to that used to measure the temporal diversity of cultivars in farmers' fields. See Brennan and 
Byerlee (1991). 
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The percent distribution of replacement materials by type also indicates the frequency with 

which a certain parent material is used in successive seasons. A comparison of Table 3 and 

Table 1 indicates that wild relatives and landraces may be turned over less quickly than 

advanced materials, although the numerical differences are probably too small to draw any 

conclusions. This finding makes sense, however, since incorporating desirable traits from 

wild relatives and landraces typically requires successive crosses and breeding cycles. The 

figures in Table 3 and Table 1 confirm that, for most regions, breeders' own advanced lines 

are the most important material used in any given season and the most frequently replaced 

over seasons. 

In general, the percent distributions of advanced and primitive materials (wild relatives and 

landraces) are similar for both the replacement materials and the entries in crossing blocks. 

At the global level, the same top four materials entered in the crossing blocks in 1994 (a 

country's own advanced lines, CIMMYT lines, released cultivars, and advanced lines from 

other countries) are also the ones most frequently replaced over breeding cycles. 

Use ofGermplasm by Breeding Goal 

Tables 4,5, and 6 enable us to compare how breeders in developing countries, high-income 

countries, and the FSU and Eastern Europe use types of parent materials in the pursuit of 

specific breeding goals. Respondents were asked to estimate, on average, in what percent of 

their crosses they used each type of parent materials, by breeding goal. Breeding goals were 

classified as yield, biotic resistance, abiotic resistance, and grain quality. Among all 

respondents, for each goal, breeders' own advanced lines were the most heavily used 

materials, while the least used materials were wild relatives and landraces. 

Each type of parent material, however, appears to be used more in the pursuit of certain 

goals than of others - and this varies by income group. Among developing countries, 

wheat breeders use wild relatives and landraces more for abiotic resistance and grain 

quality. They use CIMMYT materials more for biotic resistance and their own advanced 
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materials for yield potential. In the FSU and Eastern Europe, wild relatives and landraces 

are more likely to be used for resistance and quality than for yield, advanced lines and 

released cultivars are more frequently used in breeding for yield potential than for resistance 

and quality, and lines from CIMMYT International Nurseries are more likely to be used in 

breeding for resistance than for other goals. Among the high-income countries, wheat 

Table 3. Type of parent materials replaced in wheat breeders' crossing blocks, by region, 1994. 

Average annual percent of replacement materials 

Landraces CIMMYT 
Wild local foreign Advanced Lines Released Intl. 

Region relatives ongm ongm own foreign cultivars nurseries Others Total 

Eastern and� 
Southern Africa 1.4 0.0 0.0 57.1 4.6 12.1 21.9 2.9 100� 

North Africa 0.0 0.0 5.6 5.0 34.2 23.6 26.6 5.0 100� 

West Asia 2.5 3.3 2.7 38.3 18.5 6.8 24.4 3.5 100� 

South Asia 0.9 2.3 1.9 28.5 15.6 15.7 26.5 8.6 100� 

East Asia 2.4 6.6 3.3 35.0 17.0 17.0 16.4 2.3 100� 

Mexico 0.0 0.0 0.0 35.0 0.0 7.5 57.5 0.0 100� 

Andean Region 0.0 5.0 0.0 50.0 0.0 0.0 45.0 0.0 100� 

Southern Cone� 
of South America 0.0 2.8 0.9 51.7 5.1 9.4 26.6 3.5 100� 

Developing countries 1.2 2.9 1.9 39.4 12.7 12.3 25.3 4.3 100� 

FSU and� 

High-income� 

Eastern Europe 0.1 0.6 5.3 45.8 17.3 25.6 4.2 1.1 100� 

countries* 1.2 1.4 2.8 48.1 14.3 16.6 11.3 4.3 100� 

World 1.1 2.2 2.5 42.9 13.6 14.8 18.9 4.1 100� 

* Include countries of Western Europe, North America, and other high-income countries as classified 
by the World Bank (1994). 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 
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Table 4. Type of parent materials entered in crossing blocks, by breeding goal, developing 
countries, 1994. 

Percent of crosses, by goal 

Biotic Abiotic 
Parent material Yield resistance resistance Quality All 

Wild relatives and landraces 4.7 15.4 22.1 20.9 14.4 

Advanced materials 69.0 54.6 51.2 55.1 59.2 

CIMMYT International Nurseries 23.2 26.6 22.3 20.4 23.0 

Others 3.1 3.4 4.4 3.6 3.4 

Total 100 100 100 100 100 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 

Table 5. Type of parent materials entered in crossing blocks, by breeding goal, FSU and 
Eastern Europe, 1994. 

Percent of crosses, by goal 

Biotic Abiotic 
Parent material Yield resistance resistance Quality All 

Wild relatives and landraces 6.0 10.7 7.6 10.6 11.3 

Advanced materials 90.5 83.6 86.7 84.8 82.5 

CIMMYT International Nurseries 1.5 3.3 3.5 1.4 2.2 

Others 2.0 2.4 2.2 3.2 4.0 

Total 100 100 100 100 100 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 

Table 6. Type of parent materials entered in crossing blocks, by breeding goal, high-income 
countries,* 1994. 

Percent of crosses, by goal 

Biotic Abiotic 
Parent material Yield resistance resistance Quality All 

Wild relatives and landraces 2.7 11.5 11.6 5.1 7.2 

Advanced materials 81.7 72.1 74.0 82.8 78.0 

CIMMYT International Nurseries 11.5 12.5 13.3 8.0 11.0 

Others 4.1 3.9 1.1 4.1 3.8 

Total 100 100 100 100 100 

* Includes countries of Westem Europe, North America, and other high-income countries as 
classified by the World Bank (1994). 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 

8 



breeders also appear to use wild relatives or landraces and CIMMYT materials more in 

breeding for resistance, while advanced materials from their own national programs or other 

countries are used more for quality and yield potential than for resistance. Industrial bread

making quality is an important breeding consideration for wheat in the high-income 

countries. French respondents, for example, stressed the importance of bread-making 

quality in their breeding programs. High-income countries, along with the FSU and Eastern 

Europe, generally make less use of CIMMYT materials in their crosses for any goal than do 

developing countries. 

Although not reported here, more detailed regional analysis of the materials used for crosses 

by breeding goal generally confirmed this pattern. For most regions, breeders' own 

advanced lines are most frequently used in crossing for any goal and are more likely to be 

used for yield potential than for other goals. CIMMYT ancestry also figures prominently in 

most of the advanced materials used by developing countries. Similarly, CIMMYT 

International Nurseries produce the materials most frequently used in crosses that pursue 

resistance goals. 

Use ofLandraces 

The findings summarized above demonstrate that in most regions wild relatives and 

landraces are entered less frequently in crossing blocks and may be less frequently replaced, 

but that breeders do use them (in roughly 12% of all crosses), particularly when crossing for 

resistance or quality. Determining which landraces "combine" well with modern 

germplasm requires several years and several hundred crosses. And verifying that a 

desirable trait has been properly transferred to progeny requires further testing. Transferring 

desirable genes without also transferring deleterious genes represents a further challenge. 

As Harlan has stated, the plant breeder "wants the genes not the linkages" (Harlan, p. 154). 

Turnover oflandraces in respondents' crossing blocks may be low, but the representation of 

landraces among parental stocks probably reflects closely the way in which they are used 

and breeders' perceptions of expected returns from their investment. A higher rate of use, 
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and especially a higher rate of turnover, might not be warranted. Pre-breeding methods must 

usually be employed before wild relatives can be used through conventional breeding 

techniques. For that reason, the extent to which they are actually used may be 

misrepresented by the figures reported above. 

Varietal Protection and Germplasm Sharing 

Approximately 70% of the wheat breeders surveyed indicated that their countries use some 

form of varietal protection.6 According to respondents, all of the high-income countries and 

most of the countries of the FSU and Eastern Europe use varietal protection, as compared to 

about half of the developing countries (Figure 1). The structure of ownership in seed 

industries and the greater role of private firms in agricultural research in the high-income 

countries probably explains this finding. Among the developing countries surveyed, varietal 

protection occurred more frequently in West Asia and the Southern Cone of South America. 

The wheat industry and seed industries in general are more commercialized in the Southern 

Cone of South America than among many of the other developing regions surveyed. 

100� 

90� 

80� 

70� 

60 

50� 

40� 

30� 

20� 

10� 

o 
Developing FSU and High-income World 

countries Eastern Europe countries 

Figure 1. Percent of countries using varietal protection, 1994. 

6 Although respondents were also requested to identifY the form of protection used, the responses are unclear and have not 
been reported here. 
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At the global level, released cultivars, domestic advanced lines, lines from CIMMYT 

International Nurseries, and advanced lines from other countries are the materials most 

commonly shared by national breeding programs (Table 7). As noted above, these four 

types of parent materials are also the ones most frequently used and replaced in crossing 

blocks. In comparison with high-income countries, developing countries seem to share 

higher proportions of advanced and CIMMYT materials and lower proportions of wild 

relatives and landraces. 

Table 8 outlines wheat breeders' opinions on how increased international varietal protection 

would affect their use of materials. Most wheat breeders surveyed (67%) believe that the 

primary effect of increased varietal protection would be to reduce their use of advanced 

lines from other countries. This finding was consistent regardless of income group. About 

11 % of the entries in crossing blocks are made up of borrowed materials, and advanced 

materials are the germplasm category most frequently used in crosses. Half of wheat 

Table 7. Types of parent materials shared with other countries, by region, 1994. 

Percent of countries 

Landraces CIMMYT Mean % of 
Wild local foreign Advanced Lines Released Inti nations that share 

Region relatives origin origin own foreign cultivars nurseries Others parent materials 

Developing 

countries 12.0 33.0 13.0 64.0 57.0 78.0 64.0 6.0 41 

FSU and 

Eastern Europe 38.0 63.0 50.0 100.0 25.0 100.0 13.0 13.0 50 

High-income 

countries* 21.0 34.0 32.0 58.0 34.0 76.0 26.0 13.0 37 

World 17.0 56.0 22.0 64.0 47.0 79.0 48.0 9.0 40 

* Include countries ofWestem Europe, North America, and other high-income countries as classified by the 

World Bank (1994).� 

Source: CIMMYT World Wheat Facts and Trends Survey (1995).� 

11 



breeders in developing countries (50%) also stated that increased varietal protection would 

decrease their use of landraces of foreign origin. These statements may reflect the breeders' 

perception that as varietal protection increases, developing countries will be less willing to 

share their own landraces.7 

Mobility of germplasm across national boundaries has become an important source of 

breeding stocks among developing countries. Byerlee and Moya estimate that about 30% of 

all varieties released in developing countries between 1966 and 1990 resulted from third

country crosses (a cross made by one country and then used by another country in a released 

variety). Major countries of origin for third-country crosses were Italy, India, Pakistan, 

USA, Syria, and Kenya. Varietal protection would reduce not only the flow of developing 

country materials to high-income countries, but also the flow among developing countries. 

If the use of materials from other countries by national programs were substantially 

reduced, breeders would clearly rely increasingly on their own materials and on the 

materials provided by international centers such as CIMMYT. How such a shift would 

affect the genetic diversity of their materials is less clear. For example, lines provided 

through CIMMYT generally have extensive pedigrees that include landraces and advanced 

Table 8. Most likely effect of increased varietal protection on germplasm sharing, 1994. 

Type of parent material 

Landraces CIMMYT 
Wild local foreign Advanced Lines Released IntI. 

Region relatives ongm origin own foreign cultivars nurseries 

Increase sharing 

Decrease sharing x 

No effect on sharing x x x x x x 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 

7 India, China, Brazil, and Turkey accounted for most of these responses. 
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materials from a broader range of sources than can be found within any single nation's 

boundaries. Over time, the diversity of CIMMYT lines has also increased, both in terms of 

the use of landraces and the breadth of materials by source (Smale 1995). 

Genetic Diversity and Advances in Wheat Breeding 

About three-quarters of the wheat breeders surveyed felt that the lack of wheat genetic 

diversity may limit scientific advances (Figure 2). A larger percentage of wheat breeders in 

developing countries and in the FSU and Eastern Europe (81 % and 88% respectively) than 

in high-income countries (59%) expressed concern about genetic diversity. 

Often, respondents commented that genetic diversity will limit scientific advances in wheat 

breeding in the future but not at present. Some breeders also mentioned that institutional 

and economic factors affect the diversity of their materials. For example, the cost of using 

exotic materials, compared to one's own advanced materials, was one of the factors thought 

to hinder the ability of national programs to expand their parent materials and advance 

scientifically. Another respondent mentioned that if nations or private firms begin to protect 

100� 
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countries Eastern Europe countries 

Figure 2. Percent of wheat breeders stating that lack of genetic diversity may limit scientific 
advances, 1994. 

13 



genes, both genetic diversity and scientific advances in wheat breeding will be reduced 

substantially. 

Conclusions 

Most wheat breeders in both developing and high-income countries enter and replace 

advanced lines more frequently in their crossing blocks, and cross such lines more 

frequently, than other types of material. In decreasing order, the top four types of materials 

used by wheat breeders around the world are as follows: 1) domestic advanced lines, 2) 

lines from CIMMYT nurseries, 3) advanced lines from other countries, 4) released 

cultivars. 

Although wild relatives and landraces move more slowly into and out of crossing blocks, 

most breeders do use them in the pursuit of resistance and quality goals due to the number 

of crosses and the time needed to incorporate desirable traits from them into their advanced 

lines. The crossing blocks in developing countries contain larger sections of landrace 

materials and lines from CIMMYT International Nurseries, and thus may be slightly more 

genetically diverse in terms of types of materials and geographical origin than those in high

income countries and in the FSU and Eastern Europe. 

Advanced lines and released cultivars are used more for yield potential than for other 

breeding goals. CIMMYT's lines are primarily used in breeding for resistance, but also for 

yield potential. They are extensively used by developing countries, but less so by high

income countries, and even less by countries in the FSU and Eastern Europe. Use by 

developing countries results from close collaboration with CIMMYT through the IARC 

system and the suitability of CIMMYT's materials to spring wheat production in lower 

latitudes. 
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Most wheat breeders indicated that their country uses some kind of varietal protection. The 

majority also believe that increased varietal protection is likely to decrease their use of 

advanced lines from other countries and have little direct effect on their use of other types 

of parent materials. Half the respondents from developing countries also expect that valietal 

protection will curb the exchange of landraces. Most respondents are concerned that lack of 

wheat genetic diversity may inhibit future scientific advances, but this concern is less 

pronounced among those working in high-income countries. 

In terms of germplasm type and turnover of materials, the parental stocks used by breeders 

in developing countries appear at least as diverse, if not more so, than those used by their 

colleagues in more industrialized countries. The establishment of global regimes for varietal 

protection may reduce the exchange of useful materials among developing nations as well 

as between developing and industrialized nations, affecting in particular their exchange of 

landraces and nationally bred advanced lines, many of which have been developed using 

landraces of local origin. To understand more fully the implications of varietal protection 

for the genetic diversity of national breeding stocks in developing countries, wheat 

researchers from all regions should themselves convene to discuss the issue. 
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Appendix A 

Appendix Table 1. Distribution of respondents by region. 

Number of Percent of 
Region respondents respondents 

Eastern and Southern Africa 9 7.8 

North Africa 2 1.7 

West Asia 15 13.0 

South Asia 14 12.2 

East Asia 9 7.8 

Mexico 4 3.5 

Andean Region 4 3.5 

Southern Cone of South America 12 10.4 

Developing countries 69 60.0 

FSU and Eastern Europe 8 7.0 

High income countries 38 33.0 

World 115 100.0 

Source: CIMMYT World Wheat Facts and Trends Survey (1995). 
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(as of July 15, 1995) 

Wheat Special Report No.1. Burnett, P.A., J. Robinson, B. Skovmand, A. Mujeeb-Kazi, 
and G.P. Hettel. 1991. Russian Wheat Aphid Research at CIMMYT: Current Status and 
Future Goals. 27 pages. 

Wheat Special Report No.2. He Zhonghu and Chen Tianyou. 1991. Wheat and Wheat 
Breeding in China. 14 pages. 

Wheat Special Report No.3. Meisner, CA. 1992. Impact of Crop Management Research 
in Bangladesh: Implications of CIMMYT's Involvement Since 1983. 15 pages. 

Wheat Special Report No.4. Nagarajan, S. 1991. Epidemiology of Kamal Bunt of Wheat 
Incited by Neovossia indica and an Attempt to Develop a Disease Prediction System. 
Mexico, D.F.: CIMMYT. 69 pages. 

Wheat Special Report No.5. Rajaram, S., and M. van Ginkel. 1996 (rev.). A Guide to the 
CIMMYT Bread Wheat Section. 22 pages. 

Wheat Special Report No.6. Meisner, CA., E. Acevedo, D. Flores, K. Sayre, 1. Ortiz
Monasterio, and D. Byerlee. 1992. Wheat Production and Grower Practices in the Yaqui 
Valley, Sonora, Mexico. 75 pages. 

Wheat Special Report No. 7a. Fuentes-Davila, G. and G.P. Hettel, eds. 1992. Update on 
Kamal Bunt Research in Mexico. 38 pages. 

Informe Especial de Trigo No. 7b. Fuentes-Davila, G., y G.P. Hettel, eds. 1992. Estado 
actual de la investigacion sobre el carbon parcial en Mexico. 41 pages. 

Wheat Special Report No.8. Fox, P.N., and G.P. Hettel, eds. 1992. Management and Use 
of International Trial Data for Improving Breeding Efficiency. 100 pages. 

Wheat Special Report No.9. Rajaram, S., E.E. Saari, and G.P. Hettel, eds. 1992. Durum 
Wheats: Challenges and Opportunities. 190 pages. 

Wheat Special Report No. 10. Rees, D., K. Sayre, E. Acevedo, T. Nava Sanchez, Z. Lu, E. 
Zeiger, and A. Limon. 1993. Canopy Temperatures of Wheat: Relationship with Yield and 
Potential as a Technique for Early Generation Selection. 32 pages. 

Wheat Special Report No.n. Mann, CE., and B. Rerkasem, eds. 1992. Boron deficiency 
in Wheat. 132 pages. 
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Wheat Special Report No. 12. Acevedo, E. 1992. Developing the Yield Potential of Irri
gated Bread Wheat: Basis for Physiological Research at CIMMYT. 18 pages. 

Wheat Special Report No. 13. Morgunov, AI. 1992. Wheat Breeding in the Former USSR. 
34 pages. 

Wheat Special Report No. 14. Reynolds, M., E. Acevedo, G.AA Ageeb, S. Ahmed, 
L.J.C.B. Carvalho, M. Balata, R.A Fischer, E. Ghanem, R.R. Hanchinal, c.E. Mann, L. 
Okuyama, L.B. Olegbemi, G. Ortiz-Ferrara, M.A Razzaque, and J.P. Tandon. 1992. Results 
of the 1st International Heat Stress Genotype Experiment. 19 pages. 

Wheat Special Report No. 15. Bertschinger, L. 1994. Research on BYD Viruses: A Brief 
State of the Art of CIMMYT's Program on BYD and Its Future Research Guidelines. 39 
pages. 

Wheat Special Report No. 16. Acevedo, E., and G.P. Hettel, eds. 1993. A Guide to the 
CIMMYT Wheat Crop Management & Physiology Subprogram. 161 pages. 

Wheat Special Report No. 17. Huerta, J., and AP. Roelfs. 1994. The Virulence Analysis of 
Wheat Leaf and Stem Rust on a Worldwide Basis. In press. 

Wheat Special Report No. 18. Bell, M.A, and R.A Fischer. 1993. Guide to Soil Measure
ments for Agronomic and Physiological Research in Small Grain Cereals. 40 pages. 

Wheat Special Report No. 19. Woolston, J.E. 1993. Wheat, Barley, and Triticale Cultivars: 
A List of Publications in Which National Cereal Breeders Have Noted the Cooperation or 
Germplasm They Received from CIMMYT. 68 pages. 

Wheat Special Report No. 20. Balota, M., I. Amani, M.P. Reynolds, and E. Acevedo. 
1993. An Evaluation of Membrane Thermostability and Canopy Temperature Depression as 
Screening Traits for Heat Tolerance in Wheat. 26 pages. 

Informe Especial de Trigo No. 21a. Moreno, J.I., y L. Gilchrist S. 1994. Rona 0 tizon de la 
espiga del trigo. 25 pages. 

Wheat Special Report No. 21b. Moreno, J.I., and L. Gilchrist S. 1994. Fusarium head 
blight of wheat. 25 pages. 

Wheat Special Report No. 22. Stefany, P. 1993. Vernalization Requirement and Response 
to Day Length in Guiding Development in Wheat. 39 pages. 

Wheat Special Report No. 23a (short version). Dhillon, S.S., and I. Ortiz-Monasterio R. 
1993. Effects of Date of Sowing on the Yield and Yield Components of Spring Wheat and 
Their Relationships with Solar Radiation and Temperature at Ludhiana (Punjab), India. 33 
pages. 
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Wheat Special Report No. 23b (long version). Dhillon, S.S., and I. Ortiz-Monasterio R. 
1993. Effects of Date of Sowing on the Yield and Yield Components of Spring Wheat and 
Their Relationships with Solar Radiation and Temperature at Ludhiana (Punjab), India. 83 
pages. 

Wheat Special Report No. 24. Saari, E.E., and G.P. Hettel, eds. 1994. Guide to the 
CINIMYT Wheat Crop Protection Subprogram. 132 pages. 

Wheat Special Report No. 25. Reynolds, M.P., E. Acevedo, K.D. Sayre, and RA. Fischer. 
1993. Adaptation of Wheat to the Canopy Environment: Physiological Evidence that Selec
tion for Vigor or Random Selection May Reduce the Frequency of High Yielding Geno
types. 17 pages. 

Wheat Special Report No. 26. Reynolds, M.P., K.D. Sayre, and H.E. Vivar. 1993. Inter
cropping Cereals with N-Fixing Legume Species: A Method for Conserving Soil Resources 
in Low-Input Systems. 14 pages. 

Wheat Special Report No. 27. Yang Zhuping. 1994. Breeding for Resistance to Fusarium 
Head Blight of Wheat in the Mid- to Lower Yantze River Valley of China. 16 pages. 

Wheat Special Report No. 28. Rees, D., L. Ruis Ibarra, E. Acevedo, A. Mujeeb-Kazi, and 
R.L. Villareal. 1994. Photosynthetic Characteristics of Synthetic Bread Wheats. 40 pages. 

Wheat Special Report No. 29. Rajaram, S., and G.P. Hettel, eds. 1994. Wheat Breeding at 
CIMMYT: Commemorating 50 Years of Research in Mexico for Global Wheat Improve
ment. 162 pages. 

Wheat Special Report No. 30. Delgado, M.I., M.P. Reynolds, A. Larque-Saavedra, and T. 
Nava S. 1994. Genetic Diversity for Photosynthesis in Wheat under Heat-Stressed Field 
Environments and Its Relation to Productivity. 17 pages. 

Wheat Special Report No. 31. Reynolds, M.P., O.A.A. Ageeb, J. Cesar-Albrecht, G. 
Costa-Rodrigues, E.H. Ghanem, RR Hanchinal, C. Mann, L. Okuyama, L.B. Olugbemi, G. 
Ortiz-Ferrara, S. Rajaram, M.A. Razzaque, J.P. Tandon, and RA. Fischer. 1994. The Inter
national Heat Stress Genotype Experiment: Results from 1990-1992. In press. 

Wheat Special Report No. 32. Bell, M.A., and RA. Fischer. 1994. Guide to Plant and 
Crop Sampling: Measurements and Observations for Agronomic and Physiological Re
search in Small Grain Cereals. 66 pages, 

Wheat Special Report No. 33. Bell, M., R. Raab, and A. Violic. 1994. Setting Research 
Priorities for Agronomic Research: A Case Study for Wheat in Chalco, Mexico. 20 pages. 
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Wheat Special Report No. 34. Bell, M.A. 1994. Four Years of On-Farm Research Results 
at Chalco, Mexico. 35 pages. 

Wheat Special Report No. 35. Bell, M.A., H.A. Muhtar, lA. Stewart, and F. Gonzalez. 
1994. Assessment and Development of an Agricultural Research Station: Physical and 
Personnel Needs. 16 pages. 

Wheat Special Report No. 36. Dubin, H.J., and H.P. Bimb. 1994. Studies of Soilborne 
Diseases and Foliar Blights of Wheat at the National Wheat Research Experiment Station, 
Bhairahawa, Nepal. 30 pages. 

Wheat Special Report No. 37. Skovmand, B. 1995. Wheat Cultivar Abbreviations. Paper 
and diskette versions. In press. Note: Listed as Special Report No.4 in some previous lists. 

Wheat Special Report No. 38. CIMMYT. 1995. CIMMYTINARS Consultancy on MEl 
Bread Wheat Breeding. 25 pages. 

Wheat Special Report No. 39. DeLacy, I.H., B. Skovmand, P.N. Fox, S. Rajaram, and M. 
Van Ginkel. Spring Wheat Lines Tested in the CIMMYT International Bread Wheat Yield 
Nurseries (ISWYN), 1964-1994. In press. 
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