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Abstract� 

A preliminary study of wheat genetic diversity in the People's Republic of China is presented. 
Available evidence and basic data related to the ancestry of leading wheat cultivars and the area 
distribution of dominant cultivars in farmers' fields are summarized. These data are used to 
generate some preliminary hypotheses regarding wheat genetic diversity and post-reform patterns 
of varietal distribution. Evidence from secondary sources and the visual inspection of pedigrees 
from key lines suggests that the influence of domestic landraces in the gene pool of modem Chinese 
wheat cultivars may be less important than expected and that the influence of foreign germplasm 
may be correspondingly more important. Linkages between China's modem wheats and the 
ancestors of major lines grown in other parts of the world are explored, as are changes in spatial and 
temporal diversity. Unique Chinese wheat forms that may be important to national and global 
genetic diversity are discussed. 
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Indicators of Wheat Genetic Diversity
 
and Germplasm Use in the People's Republic of China
 

Ning Yang and Melinda Smale 

The Importance of Wheat
 
Genetic Diversity in the People's
 

Republic of China
 

Since the leaf blight epidemic which swept the 
U.S. com crop in 1970, worldwide public 
attention has focussed on the significance of 
genetic diversity in reducing vulnerability to 
disease in crop plants (NRC 1972). Plant 
breeders, however, have long recognized the 
role of diverse sources types of germplasm 
in improving crop yield, grain quality, and 
biotic and abiotic resistance. Over the course of 
this century, in attempting to keep pace with 
pathogen mutations, wheat scientists have 
worked to incorporate new genetic sources of 
resistance into their breeding lines. Diversity of 
wheat cultivars in farmers' fields is important 
not only for reducing the threat of disease 
epidemics and contributing to yield stability, 
but because local communities often value 
specific traits that may not be found among 
major commercial cultivars. 

CIMMYT's ongoing study of wheat genetic 
diversity seeks to (1) clarify the meaning of 
such diversity by identifying and comparing 
the indicators social and biological scientists 
use to measure it, (2) characterize the patterns 
of genetic variation among the major bread 

wheats grown in the developing world today, 
and (3) sketch historical patterns in the sources 
and use of genetic resources in scientific plant 
breeding. Our goal is to understand how 
international agricultural research can further 
enhance the wheat genetic diversity that is 
potentially valuable to present and future 
generations of farmers in the developing world. 
This Working Paper constitutes our first look at 
indicators of genetic diversity in The People's 
Republic of China, a region of particular 
interest to those who study wheat. 

Chinese farmers have been growing wheat for 
thousands of years. The crop is believed to 
have reached China from the Near East by the 
second millennium B.C. All Chinese wheats are 
essentially hexaploids (Harlan 1987).1 Key 
germplasm, such as Chinese Spring (which 
crosses well with the relatives of wheat), is 
believed to have originated in East Asia. The 
dwarfing genes in today's modem wheats2 are 
believed to have originated in the East Asian 
landraces Daruma and Akagomughi. Other 
lesser known, but potentially important, 
hexaploid wheat forms may be unique to 
China. In some respects, East Asia may be 
considered a secondary center of origin for 
wheat, although according to Harlan (1992), 
wheat centers of origin are "diffuse." 

1	 The cultivated bread and durum wheats are descendants of hybridized wild grass species. Durum wheat, a 
tetraploid, is a hybrid that occurred spontaneously between an as yet unidentified wild grass and primitive diploid 
wheat, einkorn. Bread wheat, a hexaploid, is the product of a later spontaneous hybridization between a tetraploid 
wheat and Triticum tauschii (Aegilops squarrosa). Hexaploids have 21 pairs of chromosomes; tetraploids have 14 pairs. 

2	 [n this paper, the term modern implies only that a wheat has been scientifically bred, as compared to a farmer's 
selection or landrace. A modern wheat can be either short or tall. The term landrace refers to a cultivated wheat form 
that has evolved over generations of selection by farmers. 
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China is also the world's largest wheat 
producer. Domestically, wheat is second only 
to rice in importance as a food grain.i Since 
1949, when the People's Republic of China was 
founded, the area sown to wheat has increased 
by more than 30% to over 30 million hectares, 
and average yields have risen from 0.7 to 3.5 t/ 
ha (China Agriculture Yearbooks). Since the 
mid-1980s, however, the dramatic rates of yield 
increase recorded for the 1960s and 1970s have 
levelled (Figure 1). 

Such a pattern is probably consistent with the 
stages of technical change that Byerlee (1992) 
described for Green Revolution and Post-Green 
Revolution agriculture. After the initial jump in 
productivity associated with the introduction 
of high-yielding varieties, continued 
enhancements in productivity derive from 
improved management methods and increased 
efficiency in the use of complementary inputs, 
such as fertilizer, combined with the more 
modest yield increases associated with 
continued varietal replacement. Some evidence 

4 0 FAO 

• Chinese Agricultural Yearbook 
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suggests that environmental stress-in the form 
of erosion, salinization, and soil exhaustion
has contributed to China's recent decline in the 
rate of yield increase for grain (especially rice) 
(Huang and Rozelle 1995). Because the use of 
chemical inputs, irrigation, and high-yielding 
varieties has continued to expand over this 
period, one hypothesis would be that the levels 
of certain inputs are sub-optimal for long-term 
exploitation of China's natural resource base. 

Slower rates of growth in wheat yields may 
explain, in part, why the Chinese national 
research system has openly viewed germplasm 
exchange more favorably in recent years. In a 
recent exploratory survey conducted by 
CIMMYT, two-thirds of the wheat breeders 
working in national agricultural research 
programs expressed concern that the lack of 
available genetic diversity may in the future 
limit scientific advances (Rejesus et al. 1996). 
Such concerns were expressed by all eight 
wheat breeders consulted in the People's 
Republic of China, most of whom work in the 

o4-I""""'I"""""""""""'''''''T''"T''''T''''''''I~-r-T-''''T''"T'''''''r-T''T""T''''''T''''T''T"'1''''''T""'''''"''T''""r-T''''T'""T''''''''I''""'T''-r-i'Ti 
1987 1993 ' 1951 1957 1963 1969 1975 1981 

Figure 1. Wheat yield in China 1951-1994. 
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provincial Academies of Agricultural Sciences 
in the major wheat-producing provinces 
(CIMMYT 1995). 

Initially, Chinese wheat breeders relied fairly 
heavily on a wealth of farmers' landraces, but 
they have also used, among a large number of 
imported materials, key foreign lines. Several 
foreign cultivars from Italy, Chile, the U.S., and 
Australia became the major progenitors of 
advanced Chinese lines. Some of these were 
extended directly to farmers in large areas of 
the country because they adapted well to 
production conditions Oin 1983; Dalrymple 
1986; Qiao et al. 1994). 

The breadth of agroclimatic environments in 
which wheat is produced and the relationship 
of agricultural research to the social, economic, 
political, and even cultural aspects of Chinese 
society are factors that have shaped wheat 
breeding, the use of germplasm, and the 
distribution of wheat varieties grown by 
Chinese farmers. For example, from 1949 until 
the late 1970s, the nation's isolation in world 
politics meant that it pursued a policy of self
sufficiency in products ranging from food to 
the atomic bomb. Exotic materials from Italy 
were used in the breeding program, but were 
obtained through Albania and Romania. The 
collectivization of Chinese agriculture in the 
1950s, during which individual farmers had 
little choice over which crop or variety to grow, 
lasted until the agricultural reform of 1978. Thus 
the pattern of varietal "adoption" before 1978 is 
not particularly meaningful, since it reflects 
more the recommendations of public policy
makers than the choices of individual farmers. 

In this document, we attempt to summarize the 
available evidence and basic data related to the 
ancestry of leading wheat cultivars and the 
area distribution of dominant cultivars in 
farmers' fields. We use these data to generate 

some preliminary hypotheses regarding wheat 
genetic diversity and post-reform patterns of 
varietal distribution in the People's RepUblic of 
China. Further work is required to develop 
quantitative estimates of the genetic diversity of 
Chinese wheats through genealogical or other 
types of analyses and to elaborate on the social, 
economic, and institutional framework within 
which wheat research and varietal adoption 
evolved. We begin by describing how biological 
and social scientists have measured genetic 
diversity in wheat and by identifying the 
indicators used in the text, as well as our data 
limitations. 

Indicators of Genetic Diversity 

There is a complex relationship between genes. 
and readily observable plant characteristics. 
Observable (Le., phenotypic) variation often 
reflects, but is distinct from, genetic diversity. In 
wheat, this is true for at least two reasons: 

• Many economically important, observable 
plant traits (e.g., yield, grain quality, some 

,� types of disease resistance-induding that 
which is termed "durable") are controlled by 
more than one gene; different gene interactions 
can thus produce similar phenotypes. 

• Environmental variations can cause genetically 
identical plants to appear different-and to 
express different sets of genes. Conversely, 
two genetically diverse plants may appear 
similar in an environment that inhibits the 
expression of their genetic differences. 

The potential for genetic diversity in wheat 
refers not only to the possible gene combinations 
in the cultivated, primitive, and wild wheat 
forms, but also to those of wheat's dose relatives 
(e.g., rye, barley) and to any other source of 
genes that could be introduced. Biotechnology 
may expand the classical boundaries of any 
species' genetic variability by introducing genes 
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originating in distant species or even genes between populations, races, or cultivars can be 
wholly synthesized in the laboratory. summarized and compared by multivariate 

analysis. Methods for detecting genetic 
Biological and social scientists have used a diversity at the molecular level include the use 
number of tools in attempting to measure of biochemical and molecular markers.4 

genetic diversity. Because each group tends to 
target different components, aspects, or Classical, or Mendelian, genetic analysis can 
dimensions of diversity, however, their also be used to evaluate variation in single, 
findings sometimes appear contradictory or known genes (qualitative traits) such as those 
inconsistent. Tools from molecular biology can conferring certain types of disease resistance. 
help to clarify some indicators and their Forms of multivariate analysis can be used to 
interrelationships, but the empirical analyze variation in traits whose expression is 
relationship between molecular and other governed by one or more gene loci. Pairwise 
indicators is often weak. c~efficients of parentage can be calculated 

from pedigree information and used as 
How biological and social scientists indicators of genetic diversity (Cox et al. 1986). 
measure genetic diversity3 Souza et al. (1994) have described the 
Today's scientific plant breeders work not only coefficient of parentage as an indicator of 
with visible variation in plant characteristics latent genetic diversity. Such coefficients 
through conventional genetic analysis, but also measure the probability that two cultivars are 
inCreasingly with parent-offspring studies, identical by descent for a character (observable 
pedigree analysis, and information from or unobservable) that varies genetically and is 
molecular biologists. Biological scientists can not expressed as a result of intensive selection 
measure many types of diversity in the context by plant breeders. 
of breeding program activities that range from 
the genebank and the laboratory to on-farm trials. Compared to plant breeders and molecular 

geneticists, social scientists measure genetic 
Molecular geneticists have techniques to diversity with tools that are somewhat rough 
classify lines, populations, and landraces; to and imprecise. The roughness of their 
establish genetic linkages with traits of measures reflects, in part, the focus of their 
agronomic and economic interest; and to detect concerns: genetic diversity as it is recognized 
the effect of genetic variations on those traits. by farmers and valued by various social 

Once genes and alleles related to the expression groups. In the more detailed case studies that 

of a trait can be identified, the allele frequencies comprise an important part of research on 

in a segregating population can be described by genetic diversity in farmers' fields, human 

a standard set of summary statistics, and the ecologists and anthropologists have attempted 

apportionment of genetic variation within and to understand and relate farmers' knowledge 

3� For a more detailed discussion, see Smale et al. (forthcoming). 
4� Despite its great power, the molecular study of plant genetic diversity is in its infancy and detailed investigations of 

gene variation in wheat are still few. Molecular biology has shed light on the actions of specific genes and portions of 
genomes, but scientists still know little about the interactions of identifiable genes and other DNA sequences. DNA 
analysis is perhaps best classified as analysis of latent diversity in that it is most powerful when combined with 
conventional plant breeding methods, in testing for the presence or absence of traits that have economic value, or in 
seeking new ways to incorporate useful diversity from other species. 
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systems and taxonomic classifications to those 
recognized by scientists. 

At the other extreme from these field-based 
studies are those based on secondary sources 
and published data. On the basis of distinctions 
such as cultivar names or classifications such as 
"modern" and "traditional," cultivar numbers 
or the percentage distribution of crop area by 
cultivar type (cultivar concentration) are used 
as measures of spatial diversity. Changes in 
these counts or area distributions over time 
provide measures of temporal diversity 
(Duvick 1984; Brennan and Byerlee 1991). 
Indicators drawn from genealogical analysis
such as numbers and origin of landraces and 
numbers of breeding generations since the first 
cross (pedigree complexity)-were used for the 
first time by Gollin and Evenson (1990) for rice. 

Indicators used in this 
study and data limitations 
In this study, we have developed indicators of 
spatial and temporal diversity from a 
combination of recent primary data and 
historical estimates found in secondary 
literature. Our data cover a brief period. In 
collaboration with the Chinese Academy of 
Agricultural Sciences (CAAS), CIMMYT is 
developing an extensive wheat-pedigree 
database that will enable the calculation of 
coefficients of parentage and the systematic 
construction of indicators of pedigree 
complexity. Because that database is not yet 
available, we have relied on secondary sources 
and visual inspection of pedigrees from key 
lines. We have consulted secondary sources for 
historical descriptions of germplasm exchange 
and the role of introductions, landraces, and 
wild relatives in Chinese wheat breeding. 

The Scope of Wheat� 
Production in China� 

Wheat production in China extends over an 
extensive and ecologically diverse area: from 
180 N latitude to approximately 500 29' N 
latitude, from below sea level to 4,100 m above 
sea level. A major portion of the annual rainfall 
is received during summer, with the total 
amount varying greatly from one region to 
another. In most of the wheat-producing areas, 
winter snow cover is limited and intermittent. 
In the northern provinces, dry, hot winds in the 
late growth stage limit the growing season, but 
in other areas growing-season duration is a 
function of the cropping sequence. As a 
consequence, early maturity is a prerequisite of 
most wheat cultivars. In addition, all the major. 
wheat diseases can be observed. Varied 
climatic, geologic, biotic, and abiotic stress 
conditions have created numerous challenges 
for Chinese wheat breeders. 

Wheat is grown in 29 of China's 30 provinces 
(only Hainan Province has no wheat), but over 
9i ."0, of the national wheat crop is produced in 
13 provinces, and 4 provinces (Henan, 
Shandong, Jiangsu, and Hebei) contribute over 
half the nation's total production (Table 1). 
Within this extensive wheat growing area, 
variations in weather and soil types influence 
varietal characteristics and cultural practices. 
The Chinese Academy of Agricultural Sciences 
(CAAS) has divided the country's wheat area 
into 10 major agro-ecological wheat production 
zones (Figure 2). Zone classifications are based 
on wheat type and varietal reactions to 
temperature, light, moisture, and growing 
season (He and Chen 1991).5 

; The classification of wheat type in official Chinese statistics is somewhat confUSing because it appears to be based on 
planting time: winter wheats are those planted in autumn or winter, and spring wheats are those sown in spring. 
Regions where spring-habit wheats are planted in the autumn are thus classified as winter wheat growing zones. 
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Breeding for disease resistance has always been Evolution of Varieties Grown 
and will continue to be a major goal of the in Farmers' Fields 
Chinese breeding program. The three rusts 
(stripe, leaf, and stem), powdery mildew, Major factors in the growth of Chinese wheat 
barley yellow dwarf virus (BYDV), scab, and production from 1949 to 1993 include genetic 
root rot are the most important diseases. Rusts improvement of cultivars, cropland 
cause losses primarily in the northern zones; improvement, and the increased use of 
scab is more prevalent in the southern zones. fertilizers, as well as recent improvements in 
There is, however, an emerging trend for the extension system, increases in multiple 
diseases to spread more extensively from their cropping, and changes in agronomic practices 
primary centers (Wang 1991). and policies (Jin 1983; Hanson et al. 1982). 

Table 1. Wheat area, production and yield In China, by province, 1993 

Area Production Mean yield 

Province (1000 ha) % (1000 t) % (tlha) 

Henan 4840.00 16.01 19220 18.07 3.97 
Shandong 4156.00 13.75 19360 18.20 4.66 
Hebei 2525.50 8.35 9021 8.48 3.57 
Sichuan 2338.10 7.73 7016 6.59 3.00 
Jiangsu 2281.70 7.55 9419 8.85 4.13 
Anhui 2084.90 6.90 7169 6.74 3.44 
Shaanxi 1643.50 5.44 4955 4.66 3.01 
Gansu 1403.60 4.64 3751 3.53 2.67 
Heilongjiang 1336.50 4.42 3400 3.20 2.54 
Hubei 1271.20 4.20 3867 3.63 3.04 
Inner Mongolia 1188.80 3.93 2985 2.81 2.51 
Xinjiang 1087.00 3.60 4161 3.91 3.83 
Shanxi 1023.50 3.39 3254 3.06 3.18 
Yunnan 611.00 2.02 1350 1.27 2.21 
Guizhou 551.90 1.83 1373 1.29 2.49 
Ningxia 313.30 1.04 864 0.81 2.76 
Zhejiang 248.50 0.82 694 0.65 2.79 
Qinghai 209.90 0.69 739 0.69 3.52 
Liaoning. 183.10 0.61 665 0.63 3.63 
Beijing 177.70 0.59 1048 0.99 5.90 
Hunan 177.00 0.59 278 0.26 1.57 

Tianjin 138.10 0.46 591 0.56 4.28 

Jilin 113.60 0.38 308 0.29 2.71 

Fujian 83.50 0.28 212 0.20 2.54 

Shanghai 75.80 0.25 286 0.27 3.77 

Jiangxi 74.00 0.24 95 0.09 1.28 

Tibet 43.60 0.14 196 0.18 4.50 

Guangdong 39.20 0.13 96 0.09 2.45 

Guangxi 14.10 0.05 17 0.02 1.21 

Hainan 0.00 0.00 0 0.00 0.00 

3.52All China 30234.60 100.00 106390 100.00 

Source: China Agriculture Yearbook (1993). 
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Li (1991) cites estimates indicating that the 
single most important contributor to wheat 
yield increases over the past few decades was 
genetic improvement. Huang and Rozelle 
(1995) also conclude that technical change was 
the most important contributor to grain yield 
increases from 1976 to 1989-although such 
change was measured as a trend variable and 
therefore captures many effects unrelated to 
systematic factors. It may be most accurate to 
conclude that genetic improvement appears to 
have played a major role in aggregate wheat 
yield increases in China over the past few 
decades.6 

The data in Table 2 suggest that farmers' 
landraces were the dominant cultivars during 
the years just after the founding of the People's 
Republic of China; by the late 1970s, however, 
selected and improved materials were most 
prevalent. Introductions represented the same 
minor percent of cultivar numbers in the late 
1970s as they did in the early 1950s, but the 
estimated numbers of cultivars grown at any 
one time in the 1970s represented only one-tenth 
of those found in the 1950s. Numbers of 
cultivars are only one measure of diversity, 
since any two cultivars can be similar with 

Figure 2. China's wheat production zones. 

In Huang and Rozelle's analysis, irrigation does not appear to have played a major role in grain yield increases since 
the 1970s. One reason may be that much of the irrigation infrastructure for grain production in China already e~isted 

before the 19705. 

7 
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respect to key characteristics, such as disease 
resistance, even though farmers (for landraces) 
or scientists (for crosses or selections) may refer 
to them by different names. Nevertheless, the 
difference between the estimated numbers 
planted in the 1950s and the 1970s is striking. 

A number of Chinese sources (e.g., Jin 1986; Li 
1991) have described varietal change in China 
in terms of three to five major periods since 
1949, each period being associated with a 
different genetic structure in wheat releases. 

1. In the early 1950s, farmers' landraces were 
replaced by selections from those landraces 
made by Chinese scientists. 

2.� During the mid- to late 1950s, selected 
landraces were replaced by improved 
materials developed in China and abroad. 

3. In the 1960s, new selections, introductions, 
and improved materials of Chinese origin 
were extended throughout the major wheat
producing zones. 

4. During the 1970s, a second wave of 
improved materials--chinese-bred, with 
high yield potential, resistance to rust, and 
early maturity-replaced the preceding 
cultivars. 

Table 2. Characteristics of Chinese cultivars in the 
19508 and 1970s 

Characteristic Early 19508 Late 19708 

Percent of cultivars 
Local 80 5 
Selected & improved 15 91 
Introduced 5 4 
All 100 100 

Number of cultivars 
planted at the same time 4000·5000 400-500 
1000-kernel weight (9) 30-35 35·40 
Plant height (em) 100·120 90-100 
Harvest index 0.33 0.42 

Source: Jin (1986). 

5.� In the. 1980s and 1990s, rather than a few 
dominant cultivars, a larger group of 
cultivars has been released, and each has 
occupied a smaller percentage of the total 
area. In addition, the periods between 
replacements has begun to shorten. The 
pattern and number of replacements has 
depended on the province and has been most 
clearly defined for the major wheat
producing provinces. 

This characterization refers primarily to 
patterns and sequences in the major wheat 
production areas. Tables 3-7 summarize the 
major features of the leading cultivars in each 
period, as defined by Jin. 

Wheat breeding had begun in several . 
universities, the National Agricultural Research 
Bureau, and some missionary agencies prior to 
the founding of the People's Republic of China. 
A few introductions and selections were 
recommended for commercial production, but 
most farmers used landraces. In the 1950s, the 
research system engaged in large-scale 
collection of landraces. In the major wheat 
production zones, either collected landraces 
with superior qualities or landrace selections 
replaced other landraces. Major landraces 
extended are described in Table 3. At their 
peaks, Youzi mai and Xuzhou 438 were planted 
on nearly 1 million ha, and Maza mai, 
Pingyuan 50, and Shangqiuhulutou were 
planted on between 0.3 and 1 million ha. Of the 
five dominant landraces, all were susceptible to 
some type of rust disease. In general, landraces 
are not resistant to rusts? In 1956, a stem rust 
epidemic swept the country, and another major 
cultivar replacement occurred. 

7� This has been stated for China, but it is also true for� 
India (see evidence reported in Smale et al.,� 
forthcoming).� 
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During the mid- to late 1950s, the cultivars of the cOl,lntry except for the northeastern 
released by the national research system and wheat zone. Nanda 2419 covered more than 4 
several introduced cultivars replaced the million ha in one year and occupied a large 
landraces that dominated in the early years of percentage of wheat area in China for more 
the decade. The most important of these in than 40 years. In 1983, Nanda 2419 still 
terms of area planted are listed in Table 4. Key covered an estimated 0.06 million ha Gin 1994). 
among these was Nanda 2419, a selection from 
Mentana. Nanda 2419 adapted well to growing Another key release was Bima 1, which played 
conditions in the middle and lower Yangtze an important role in wheat rust resistance, and 
River Valleys and was extended to most areas at one time covered more than 6 million ha. 

Table 3. Wheat releases most widely grown In China, early 1950. 

Origin 
Name Materiall (Province) Characteristics 

Youzi mai Landrace Henan Facultative, early maturing, resistant to stripe rust, susceptible 
to leaf and stem rust~ and to flag smut. 

Xuzhou 438 Landrace Jiangsu Winter-habit, drought tolerance, susceptible to flag smut 
sel. 1928 and to powdery mildew. 

Maza mai Landrace Shaanxi Facultative, early maturing, drought tolerance. 
Pingyuan 50 Landrace Henan Facultative, resistant to stripe rust. 
Shangqiuhulutou Landrace Henan Winter-habit; early-maturing; tolerant to cold, drought, salt, 

alkai, low soil fertility. 

Source: Jin (1983). 
a In the early 1950s, selections from farmers' landraces were released by the research system. 

Table 4. Wheat releases most widely grown in China, late 1950s 

Release 
Name Parentage datel Characteristics 

Sima 1 Maza mai/Quality 1947� Facultative, early maturity, short stem, resistance to 
stripe and loose smut. 

Nanda 2419 sel. Mentana 1939+� Spring, daylight insensitivity, resistant to loose smut 
and midge, susceptible to scab. 

Ganshu 96 sel. CI12203 1944� Spring, resistant to stripe rust and some stem rusts, 
daylight sensitivity. 

Liying 3 Quality/Jiangdongmen - Facultative, early maturity, resistant to stripe rust, 
less shattering. 

Nongda 183 TriumphlYanda 1817 1955� Winter, early maturity, cold and drought tolerance, 
resistance to stripe rust. 

Shannong 205 Zhongnong 28/Hechuanguangtou 1956� Facultative, 110 em, slightly susceptible to stripe rust 
and scab. 

Zhenong 17� 
Hezhuo 3 Lihua 138·8/Hulong 1954 Spring habit, daylight sensitivity, tolerance to stripe rust.� 

Source: Jin (1983).� 
a Approximate and may refer to date of cross or date of release to farmers.� 
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New races of wheat rust evolved, however, to 
which Bima 1 and Nanda 2419 became 
susceptible. Other key introductions planted 
widely or serving as parents for dominant 
cultivars during this period were Quality 
(Australia), Triumph (U.S.), and CI 12203 (U.S.) 
(for details on introductions, see Section 7). 

In the 1960s, the cultivars selected, introduced, 
or improved after 1949 were extended to every 
major wheat zone. The most important among 
them in terms of area planted are shown in 
Table 5; most covered from 0.3 to 0.7 million ha. 

These cultivars increased yield by an estimated 
10-20%, but none of them individually covered 
as much area as had Bima 1 or Nanda 2419. 
Important introduced parents included Early 
Premium (U.S.), as well as Abbondanza, Funo, 
and Tevere (Italy) (see Section 7). Bima 4 also 
figured heavily as a parent among these 
releases. 

During the 1970s, improved early-maturing 
cultivars with high yield potential and rust 
resistance replaced the preceding releases 
(Table 6). Taishan 1, the dominant cultivar 

Table 5. Wheat releases most widely grown in China, 1960s 

Release 
Name Parentage datea 

Jinan 2 Bima 4/Early Premium 1959 

Beijing 8 Bima 4/Early Premium 1963 

Niexiang 5 Nanda 2419/Quality + 1958 
Baihuo mai+Baimang mai 

Shijiangzhuang 54 Bima 4/Early Premium 1964 

Abo Abbondanza 

Afu Funo 

Yangmai 1 sel. Funo 

Jieli Tevere 

Wannian 2 sel. Mentana 

Maoafu sel. Funo 

Ganmai 8 Wuyi mai/Abbondanza 

Nongda 311 Triumph /Yanda 1817 

Source: Jin (1983). 

1956 

1956 

1965 

1955 

1958 

1968 

1964 

1963 

Characteristics 

Winter, wide adaptation, resistant to stripe rust, 
slightly susceptible to leaf and stem rusts. 

Facultative, earliness, immune from stripe and leaf 
rust, resistant to stem rust, wide adaptation. 

Spring, big spike and big grain, 50g/1000k, resistant 
to stripe rust, susceptible to leaf rust. 

Winter, wide adaptation. 

Spring, resistant to stripe rust, susceptible to leaf 
and stem rust, susceptible to scab. 

Spring, strong stem, resistant to stripe rust, 
susceptible to leaf and stem rust. 

Spring, resistant to stripe and leaf rust, susceptible 
to stem rust. 

Facultative, strong stem. daylight insensitivity, 
resistant to stripe rust, slightly susceptible to leaf 
rust, susceptible to scab. 

Facultative; resistant to scab, aphid, and midge; 
tolerant to wet. 

Spring, resistant to stripe rust, susceptible to leaf 
rust, scab. 

Facultative, semi-dwarf, strong stem, resistant to 
leaf rust, susceptible stem rust, resistant to cold. 

Winter, resistant to cold and drought, wide 
adaptation. resistant to stripe rust. 

a Approximate and may refer to date of cross or date of release to farmers. 
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during the 1970s, covered at its peak over 3 each. The parentage of these c'ultivars reveals 
million ha. All other cultivars were extended to the continuing importance of Early Premium, 
much smaller areas: from 0.3 to 0.7 million ha Funo, Abbondanza, and other Italian lines, but 

Table 6. Wheat releases most widely grown in China, 1970s 

Release 
Name Parentage date-

Taishan 1 54405/0rofen 1969 

Fengchan 3 Danmark 1/Xinong 6028 1966 

Bonong 7023 sel. Funo 1968 

Jinan 9 Xinshi 3/SU Earliness 1 1965 

Xuzhou 14 Early Premium/Nanda 2419 1962 

Fan 6 (See note b, below.) 1969 

Zhengyin 1 St 14721506 1965 

Nongda 139 Nongda 183Nirgilio// 1968 
Yanda 1817/30983 

Beijing 10 Huabei 672/Xinshi 14// SU 1965 
Earliness 1/Huabei 672 

Dongfanghong 3 sel. Nongda 45 1968 

Youbaomai Youzi mai/8aodasanbaipao 1964 

Taishan 4 HuixianhongiAbo 1968 

Taishan 5 HuixianhonglAbo//Orofen 1974 

Emai6 Irradiating Mentana with 1966 
Gamma rays 

Yangmai 3 Natural hybrid of Yangmai 1 1973 

Yaanzao X-1/Shannong 205 1962 

Changle 5 sel. Jinan 4 1969 

Jinmai 2148 Jinjiangcezi/Huadong 5// 1973 
Orofen/3/Rieti 11 

Kehan 6 Kezhen/Kehong 1972 
Kehan 7 Kezhen/Kehong 1973 
Kehan 8 Ke65 f3-196-7/Rulofen 1975 
Kefeng 1 Ke59wenF4·68/Ke59wenF3-67 1968 
Ganmai 8 WuyilAbo 1964 

Ourou Orofen 1962 

Source: Jin (1983). 

Characteristics 

Facultative, semidwarf, resistant to stripe rust, wide� 
adaptation.� 
Facultative, resists stripe rust, wide adaptation,� 
susceptible to leaf/stem rust, scab, powdery.� 
Spring, resistant to stripe and leaf rust, wide� 
adaptation.� 
Winter, resistant to stripe rust, susceptible to leaf and� 
stem rust.� 
Facultative, earliness, resistant to drought, resistant� 
to stripe and stem rust, susceptible to leaf rust.� 
Spring, earliness, semi-dwarf, resistant to stripe rust,� 
susceptible to powdery, scab, wide adaptation.� 
Spring, semi-dwarf, resistant to stripe and stem rust,� 
susceptible to leaf rust.� 
Winter, immune from stripe rust, susceptible to leaf rust.� 

Facultative, earliness, resistant to stripe rust, 
resistant to lodging. 
Winter, resistant to stripe rust and powdery, wide 
adaptation. 
Winter, resistant to lodging, resistant to stem rust, 
high yield potential. 
Winter, semid-warf, resistant to stripe rust, 
susceptible to stem and leaf rust. 
Facultative, semid-warf, earliness, resistant to 
lodging, susceptible to stripe and leaf rust. 
Facultative, high and stable yield, tolerant to wet, 
wide adaptation. 
Spring, earliness, resistant to stripe rust, susceptible 
to stem rust. 
Facultative, earliness, resistant to stripe rust, 
susceptible to leaf rust, powdery, and scab. 
Winter, resistant to stripe rust, susceptible to leaf 
rust, tolerant to low soil fertility. 
Spring, resistant to stem rust, susceptible to scab. 

Spring, resistant to stem rust.� 
Spring, resistant to stem and leaf rust.� 
Spring, resistant to stem and leaf rust.� 
Spring, semi-dwarf, f'esistant to stem rust.� 
Facultative, dwarf and strong, susceptible to� 
stripe and stem rust.� 
Spring, resistant to stem rust, susceptible to scab.� 

a Approximate and may refer to date of cross or date of release to farmers.� 
b IB01828/NP824/3/Wuyi mai//Chenduguangtou fenzhi mailZhongnong483 fenzhi mai/4/Zhongnong28B fenzhi mail� 
IB01828//NP284/Funo.� 
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new materials 'from the Former Soviet Union 
(FSU) (SU Earliness 1) and Chile (Orofen, 
Rulofen) also appear (see Section 7). 

Since the late 1970s, major economic, political, 
and technical changes have occurred in the 
People's Republic of China. These include rural 
economic reforms, which devolved production 
decisions from the collective to individual 
farmers. From 1958 to 1978, individual farmers 
had little choice of which crops and varieties 
they could grow. Politically, the central 
government now gives more autonomy to 
provincial and local governments. Since the 
recovery of the educational and research 
system in the late 1970s, the number of 
technical staff in all levels of breeding 
programs has increased dramatically, as has 
the quality of that staff. 

During the late 1980s and early 1990s, a new 
pattern in the spatial distribution of cultivars 
may have reflected these broader institutional 
changes: many cultivars shared the leading role 
in each production zone; in the past, one or a 
few cultivars had dominated the area across 
several zones (Table 7). The leading cultivars of 
the period were Jinan 13, Bainong 3217, 
Mianyang 11, and Yangmai 5; each covered 
from 1 to 1.5 million ha at its peak, but about a 
dozen releases covered from 0.7 to 1.0 million 
ha, and a larger number occupied between 0.3 
and 0.7 million ha. This pattern is distinct from 
that observed in the 1950s for Bima 1 or in the 
1970s for Taishan 1. The period between 
replacements also began to shorten. 

While the area planted to modem varieties 
increased sharply as a percentage of total 
wheat area, the concentration of area among 
individual modem varieties declined as farmers 
began to grow a larger number of different 
modem varieties. At the same time, however, . 
the number of landraces grown on very small 

areas decreased. As shown in Table 2, 
landraces comprised and estimated 80% of the 
cultivars grown by farmers in the early 1950s; 
that figure fell to only 5% by the late 1970s. 
Today, landraces are still cultivated by farmers 
only in remote regions or regions with 
extremely low soil fertility. 

According to Jin (1983), each varietal 
replacement was generally associated with a 
10-15% increase in production, a decrease in 
average plant height, and improved disease 
resistance. Estimates reported by Dalrymple 
(1986) suggest that from 1980 to 1984 alone, the 
proportion of Chinese wheat area planted to 
varieties with a height of less than 90 cm 
increased from 10 to 34% (see also Stone 1993). 
When taller improved wheats (up to 105 cm) 
are also included in the calculation, about 
three-quarters of ChInese wheat area appears 
to have been planted to improved cultivars by 
1984. Shorter stature was associated with 
increased resistance to lodging. From 1949 to 
1993, after each replacement in Shanxi 
Province, for example, the average plant height 
decreased by about 10 cm and 1000-kernel 
weight increased by 5 grams (Table 8). Other 
changes in cultivar characteristics have 
occurred over the past few decades, including 
greater production potential (Tables 2, 8). 

Disease was a major cause of cultivar 
replacements, especially as cultivars adopted 
over extensive areas lost their resistance to rust. 
As the cropping season changed and the 
multiple crop index increased, cultivars with 
shorter growing durations gradually replaced 
those with a longer growing durations. Early 
maturity can reduce and avoid some damage 
from diseases and insects. Spring-habit wheats 
are more likely to be early maturing, and as a 
result, the area planted to such wheats has 
extended considerably into the winter wheat 
zones. 
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Table 7. Wheat releases most widely grown in China, late 1980s to early 1990s 

Name Parentage 

Yangmai 5 (Nanda 2419rrriumph)/Funo// 
St 14721506 

Bainong 3217 Funo/Niexiang 5//Xiannong 39/3/64 
(4)43 sel./Yanda 24 

Jinan 13 White Orotenrraishan 4 
Mianyang 11 70-5858/Fan 6 
Een 1 (Lovrinl761 )F1/Sumai 3 

Jimai 26 Aiganzao/Lovrin 10//Jinfeng 1 

Jimai 30 NA 

Mianyang 15 78-3174/Shi 4414 
Lumai 14 74(11 )3IYan711521/Yan71148 
Luma! 15 (Ta 1 Yangmai 1 B1/757318)/ 

104·14 
Shaan 7859 Shanqian//AmalAbo/3/Xibulai// 

Fengchan 3/62(9)2-1 
Shannongfu 63 (Youbao mai/Orofen)F4 radiation 

Xian 8 Aiganzhao/St 1472-507 

Yanshi9 NA 

Yumai 7 Shanqian/Yanshi 4 
80-8 sel. Fan 6 

Boai 74-22 sel. Funo 
Fengkang 8 NA 
NAJimai 31 NA 
Jinmai 21 678-14 (Fengchan 2IBima l/Nanda 

2819)//Shanqian mai 
Lumai 1 Aifeng 3//Mengxian 201/Neuzucht 
Lumai 3 LorvinlAifeng 3 

Lumai 5 [(Aifeng 31/Mengxian 201/Neuzucht) 
F1VFu 66 

Lumai 7 Lovrin1O/(Virgilio/Rulofenl/Youbao) 

Lumai 12 [(Lovrin 1O/Youbao)F1 /(5270rofen 
IAifeng 3)F1]F3/Yexuan 1 

Mianyang 19 
Mianyang 20 Sel. Mianyang 11 

Wan 7107 sel. Funo 

Xiaoyan 6 St 24221464/Xlaoyan 96 

Xuzhou 21 Funong 3665/U.P.301 

Yangmai 4 (Nanda 2419/Triumph)F5 seI.1-3·2 
Isel.Funo 

Yumai 2 NA 
Yumai 1 NA 
Yumai 13 NA 
Yumai 18 Zhengzhou 761/Yanshi 

Release 
date· Characteristics 

1986 Spring, earliness, resistant to scab, stripe rust. 

1975 Facultative, earliness, semi-dwarf, resistant to stripe rust. 

1977 Facultative, semi-dwarf, resistant to stripe rust. 
1977 Spring, semid·warf, resistant to stripe and stem rust. 
1985 Facultative, earliness, immunity to stripe, stem rust, 

resistant to powdery, leaf rust. 
1977 Facultative, earliness, semi-dwarf, resistant to stripe 

and stem rust, resistant to lodging. 
1985 Facultative, earliness, semi·dwarf, resistant to stripe 

rust, high and stable yield. 
1978 NA 
1990 Resistant to stripe and leaf rust. 
1986 Facultative, earliness, semi-dwarf, resistant to stripe an 

and leaf rust. 
1985 Facultative, semi-dwarf, resistant to stripe and leaf rust, 

powdery, susceptible to scab. 
1978 Winter, earliness, susceptible to stripe rust, resistant to 

leaf rust. 
NA NA 

NA Facultative, dwarf, resistant to stripe, stem, leaf rusts 
and BYDV. 

1982 Earliness, broad adaptation, high and stable yield. 
1985 Spring, semi·dwarf, resistant to stripe rust, scab, 

susceptible to powdery. 
1977 Facultative, resistant to stripe rust, susceptible to leaf rust. 
1978 NA 
NA NA 
1978 Facultative, semi-dwarf, resistant to stripe rust, 

susceptible to leaf rust. 
1979 Facultative, semidwarf, resistant to stripe and leaf rust. 
1979 Winter, resistant to stripe, stem, leaf rusts and to 

powdery mildew. 
1980 Winter, semi-dwarf, resistant to stripe rust. 

1981 Winter, semi-dwarf, resistant to stripe rust, susceptible 
to leaf rust. 

1984 Winter, semi-dwarf, resistant to stripe rust, slightly 
susceptible to leaf rust. 

1978 Spring, semi-dwarf, resistant to stripe rust, susceptible 
to powdery and scab. 

1973 Spring, earliness, resistant to stripe rust, susceptible to 
leaf rust. 

1979 Facultative, earliness, semi-dwarf, resistant to stripe 
rust and scab. 

1986 Facultative, earliness, semi-dwarf, resistant to stem 
and leaf rust, susceptible to powdery. 

1977 Spring, earliness, resistant to stripe rust, susceptible to 
leaf rust. 

NA NA 
NA NA 
NA NA 
1982 Facultative, earliness, resistant to stripe rust, 

semi-dwarf, susceptible to powdery and scab. 

Sources: Zhou (1994); Qiao (1994); Li (1991); Sun (1990); Huang (1990); Agricultural Dept. of Shandong Provo (1990); 
He (1985); Jin (1986,1983); and others. 
• Release dates are approximate, referring in some cases to the date of the cross and In others to the data at which the 
seed became available to farmers; in some instances, information was not available (NA). 

13 



I)' 

Spatial and Temporal Indicators of observed in countries with more atomistic 
Genetic Diversity in Farmers' Fields farming coinmunities.8 

from 1982 to 1993 
The evidence presented above suggests that the 

Before the agricultural reforms that began in the spatial pattern in the distribution of wheat 
late 1970s, when decision-making in farm cultivars has changed as follows: in the late 1950s, 
production was devolved from the agricultural a few dominant modern wheats covered extensive 
collective to the individual farmer, it would have areas, and the largest proportion of the area was 
made little sense to speak of farmer adoption and occupied by numerous landraces, each of which 
varietal choice. When production plans were occupied its own local niche; in the 1980s and 
developed by central authorities and 1990s, a large number of modem wheats have 
implemented by collectives, the distribution each covered relatively small areas within a 
pattern of wheat varieties in China did not region, and a small number of landraces, each 
primarily represent the outcome of the adoption occupying its own niche, have been cultivated. 
decisions made by individual farmers. But as 
those farmers are increasingly involved in the As measured by the numbers Qf cultivars alone, 
choice of which wheat varieties to grow in any there is now more diversity among China's 
given season, patterns of adoption and diffusion modem wheats than there was in earlier decades. 
will more closely resemble those that have been Table 9 shows that from 1982 to 1993, as 

Table 8. Average plant height and weight of major eultivars grown in Shanxi Province, 1950s-1980s 

Mean height Mean weight� 
(em) (g/1000 kernels) Cultlvars� 

Pre-1950 115.61 21.61 Youzi mai, Huixianhong, Yucibai mai, Jiexiusiyuehuang, Maza mai 
1950s-1960s 108.00 25.83 Bima 1, Bima 4, Xinshi mai, Xishan 6028, Yanda 1817, Zhongsu 68, 

Minxian 169, Early Premium 
1960s-1970s 99.00 32.38 Beijing 8, Shijiazhuang 54, Fengchan 3, Afu, Nongda 183, Huabei 

672, Jinmai 5, Beijing 5 
After 1970s 85.72 35.65 Youbao, Taishan 1, Taishan4, Jinmai 8, Jinmai 10, Yun 78-1, 

Yun 78-14, Jinmai 13, Taiyuan 633, Jinmai 18,19, Nongda 139 

Source: Li (1991). 

Table 9. Number of wheat eultlvars by area planted, China, 1982-1990, 1993· 

Area (million ha) 1982 1983 1984 1985 1986 1987 1988 1989 1990 1993 

~ 0.007, < 0.067 11 17 17 14 20 15 26 28 20 20 
;:: 0.067, < 0.33 31 41 46 41 40 33 32 29 33 41 
~ 0.33, < 0.67 10 4 7 10 10 13 10 10 13 8 
~ 0.67, < 1.0 1 3 1 2 2 2 4 6 3 1 
;:: 1.0 1 4 3 '2 1 1 0 0 1 2 

Source: Compiled by Yuan Renjin, from Ministry of Agriculture (1982·1990,1993). 
a In the ten major wheat-producing provinces in 1993, excluding Xinjiang. 

8 The neoclassical economic models that we use to describe and predict technology adoption are based on the 
assumption that individual farmers choose the technology they use, subject to market prices and institutional 
constraints. In these models, individual farmers act atomisticaUy, in that no individual farmer's decision has an effect 
on another farmer, on prices, or on institutions. 

14 



individual farmers participated more in varietal Table 10 lists the names of the top five 
choice and as economic and political institutions cultivars, in terms of area planted, from 1982 to 
became less centralized, the number of modern 1990 and for 1993. Per year, their combined 
wheat cultivars planted annually in the smallest total area never exceeded 5.8 million ha, which 
size category appears to have increased, while is less, for example, than the peak area planted 
the number in the largest categories remains to a single cultivar, Bima 1, in the late 1950s. 
almost constant. Table 11 shows the percentage of wheat area 

Table 10. The five most widely grown cultlvars In China, 1982-1990, 1993

Cultlvar, In decreasing order of planted area Area, top five 
cultlvars 

Year 1 2 3 4 5 (million hal 

1982 Taishan 1 Boai7023 Jinan 13 Fengchan3 Shannongfu 63 4.49 
1983 Bainong 3217 Shannongfu 63 Jinan 13 Mianyang 11 Taishan1 5.78 
1984 Bainong 3217 Mianyang 11 Jinan 13 Shannongfu 63 Yumai 2 5.78 
1985 Bainong 3217 Jinan 13 Mianyang 11 Shannongfu 63 Yumai 2 4.95 
1986 Jinan 13 Bainong 3217 Yanshi9 Mianyang 11 Boai7023 3.99 
1987 Bainong 3217 Jinan 13 Yumai 7 Mianyang 15 Wan 7107 3.98 
1988 Bainong 3217 Jinan 13 Mianyang 15 Shaan 7859 Yangmai 5 3.78 
1989 Shaan 7859 Bainong 3217 Yangmai 5 Mianyang 15 Jinan 13 3.98 
1990 Yangmai 5 Een 1 Shaan 7859 Bainong 3217 Jimai 26 4.14 
1993 Lumai 14 Yangmai 5 Lumai 15 Mianyang 20 Lumai 1 4.10 

Source: Compiled by Yuan Renjin, from Ministry of Agriculture (1982-1990,1993).� 
Agricultural Department of Shandong Province (1990) and Agricultural Department of Jiangsu Province (1994).� 
a In the ten major wheat-producing provinces in China in 1993, excluding Xinjiang.� 

Table 11. Percent of wheat area planted to the top five cultlvars in ten major wheat-producing provinces of 
China, 1982-1990, 1993

Province 1982 1983 1984 1985 1986 1987 1988 1989 1990 1993 

Henan 48 52 56 62 49 62 48 6.2 50 33 
Shandong 73 77 67 62 53 55 56 50 45 58 
Jiangsu 60 55 57 57 56 54 56 55 61 64 
Hebei 56 50 41 39 37 44 49 57 54 46 
Anhui 52 46 46 39 39 36 49 45 52 34 
Sichuan 62 65 79 76 73 78 76 75 62 65 
Hubei 43 50 50 47 49 59 72 82 77 25 
Shanxi 56 57 45 43 42 48 46 43 38 55 
Gansu 5 19 20 14 9 12 15 14 10 14 
Shaanxi 41 36 36 43 63 33 30 32 19 43 

All wheat area, 
10 major provinces 21 26 25 22 17 18 17 17 18 17 
All wheat area, 
China 16 20 20 17 13 14 13 13 13 14 

Source: Compiled by Renjin Yuan from Ministry of Agriculture (1882-1990. 1993), the Agricultural Department of� 
Shandong Province (1990), and the Agricultural Department of Jiangsu Province (1994).� 
a Ten major wheat-producing provinces in 1993, excluding Xinjiang.� 
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planted to the top five cultivars (a measure of 
cultivar concentration) for each of the ten major 
wheat-producing provinces of China, during 
the period from 1982 to 1990 and for 1993. In 
many of the provinces, the top five cultivars 
occupied over half the wheat area in some 
years. By comparison, Gansu Province had a 
relatively low concentration of area in leading 
cultivars. No pattern of increasing cultivar 
concentration is apparent in Table 11, and 
when calculated on the basis of total wheat 
area in the ten provinces or in all China, the 
percentage of area planted to the top five 
cultivars appears fairly low. 

When the ten major wheat-producing 
provinces in China are taken as a group, 
cultivar concentration appears to have 
remained constant or decreased slightly over 
the 1982-1993 period (Figure 3). The percent of 
area planted to the top five cultivars in the 
largest wheat-producing province in China, 
Henan, compares favorably to that of the 
Indian Punjab and the Pakistan Punjab, the 
major wheat-producing districts of South Asia, 
for a slightly different time period (Figure 4). 
Wheat area in Henan Province and the 
Pakistan Punjab are roughly comparable; 
wheat area in the Indian Punjab is smaller.9 
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Spatial distributions of cultivars follow a cyclical 
pattern, however, which reflects the diffusion 
paths of major cultivars. The diffusion paths of 
the wheat cultivars with the largest cumulative 
extended area for the previous decade are shown 
in Figure 5. The areas planted to Jinan 13, 
Bainong 3217, and Mianyang 11 peaked in the 
first half of the 1980s. In the second half of the 
1980s, the area planted to two new cultivars 
(Yangmai 5 and Lumai 15) began to climb. 
Consider, however, that in the late 1950s, Bima 1 
(the dominant cultivar) covered about 20% of the 
China's wheat area, while the dominant cultivars 
in the 1980s covered less than 10% of that area. 

The replacement of old varieties with new is an 
indicator of temporal diversity (Duvick 1984). Such 
diversity is one way of reducing the probabi1i~ 

of a breakdown in genetic resistance to diseases 
like the wheat rusts. Rust pathogens continually 
mutate, and the age of a wheat cultivar and the 
extent of the area planted to it are related to the 
development and spread of the disease 
(Ballantyne et al. 1994). One measure of the rate 
of cultivar replacement is the average age of 
cultivars in farmers' fields, weighted by their 
planted area (Brennan and Byerlee 1992). Using 
varietal release and area data from wheat
producing regions around the world and over 
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Figure 3. Cultivar concentration in China, Figure 4. Cultlvar concentration in Pakistan, 
ten major wheat-producing provinces. India, and China. 

China and South Asia are the largest producers of wheat in the developing world. 
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time, Brennan and Byerlee (1992) calculated a 
weighted average age of about 7 years for either 
developing or developed countries, ranging in 
the 1980s from about 3.7 years in the Yaqui 
Valley of Mexico, to 10.9 years in the Punjab of 
Pakistan. 

Figure 6 suggests that among the top five 
cultivars in the ten major wheat-producing 
regions of China, the weighted average age 
ranged from 8 to 10 years in the 1980s, but fell to 
about 7 years in 1993. As with the spatial 
diversity measure, however, the pattern may be 
cyclical. The weighted average age among the 
top five cultivars may also either overstate or 
understate the weighted average age for all 
modem wheats grown in farmers' fields. For 
purposes of comparison, the mean weighted 
average age of wheat releases in the Pakistan 
Punjab (1978-1986) was 11 years, but in the 
Indian Punjab (1970-1986), it was only 5 years 
(Brennan and Byerlee 1992). 

Landrace Characteristics and� 
Genetic Contributions to Modem� 

Varieties� 

With 5000 years of wheat cultivation, extensive 
and varied production zones, and a long history 
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Figure 5. Diffusion paths of China's most 
popular wheats, 1982-1993. 

of natural and artificial selections, China may 
be considered landrace rich. When the 
People's Republic of China was founded in 
1949, about 4000 wheat cultivars (mostly 
landraces) were planted at anyone time 
(Table 2). These landraces have played a vital 
role in the nation's wheat breeding program. 
In 1955, a program was initiated to 
systematically collect catalog, and preserve 
wheat cultivars. Germplasm banks were 
established at both the provincial and 
national levels. Each year, about one fourth of 
the collection is grown to maintain seed 
viability. 

Unfortunately, many of China's landraces, 
mutants, and wild relatives are believed to 
have been lost, especially during the Cultural 
Revolution, when ideological concerns had 
political priority even in rural areas. For 
example, Chinese Spring, which has 
contributed so much to the cytogenetic and 
genetic understanding of the wheat plant, 
was a selection made from a land variety 
(from southwestern China) that can no longer 
be found in cultivation. Today, the national 
gene bank has a collection of 40,000 
accessions, of which 13,233 belong to Chinese 
landraces (Yang 1995). 

*12 

~ 11 
Q) «IOle: 
«I 
Q) 

Q) 
~ 

10 

~~ 

Q) >. 
>.0
<'t:l 

9 

~ 8 
01 

'Q) 
~ 7 Iii i , iii Iii 

9-l 

1982 84 86 88 90 92 94 

o Top five cultivars 

Figure 6. Temporal diversity of Chln••e 
wheats, ten major wheat-produc;l,rag 
provinces. 

17 



General characteristics of Chinese 
landraces and their use 
Generally speaking, Chinese landraces have the 
advantages of early maturity, more kernels per 
spikelet (as compared with scientifically bred 
modern wheats), and special adaptation to 
specific ecological conditions (Jin 1983). Early 
maturity was derived from both natural 
selection and continuous artificial selection by 
farmers, who sought to increase the production 
of multiple crops while avoiding the natural 
damage associated with late planting. The early 
maturity of Chinese landraces appears to be 
highly heritable, as demonstrated by Chinese 
and foreign breeding experiments. The 
characteristic of more kernels per spikelet has 
been used in breeding for higher yield. The fact 
that some Chinese wheat cultivars are easily 
crossed with rye or barley may follow from this 
feature, which has value both in breeding and 
in studies of heredity. 

Strong adaptation to harsh natural settings also 
has important implications. For instance, some 
landraces in northern China can survive 
severely cold winters without snow cover. In 
other regions, some landraces can mature 
normally despite long dry periods or lack of 
soil moisture. Some landraces tolerate the wet 
conditions of southern China. Some tolerate 
saline conditions in alkaline soils, and others 
tolerate acidic soils. Resistance to disease and 
insects is another key characteristic. In southern 
regions, some landraces have resistance to 
wheat scab (caused by Fusarium graminearum). 

In northern regions, some landraces have 
resistance to stem-maggot. 

Although the landraces carrying such 
characteristics have provided important genetic 

materials. for scientific wheat breeding, Chinese 
landraces generally have agronomic 
weaknesses as well. Most landraces are tall 
with weak straw. Most lodge easily. Most also 
shatter easily, and many lack resistance to 
prevailing races of rust. 

Today, landraces are most often used 
indirectly-through improved cultivars that 
contain landraces in their pedigrees. A lengthy 
breeding process is required to delink the 
desirable characteristics of landraces from their 
undesirable characteristics and to verify that 
the former have been transmitted to progeny. 
As Harlan has stated, "the plant breeder wants 
the genes not the linkages" (1992, p. 154). In 
most regions of China, modern wheat cultivars 
carry desirable landrace characteristics that 
were bred into them in earlier generations to 
help them adapt to local natural settings. 

Today, landraces are seldom used as direct 
parents in crosses.1O Nonetheless, some 
landraces (e.g., Chinese Spring) continue to 
enrich our understanding of wheat genetics. 
Discovered in Shanxi province in 1970s, Tai-gu 
male sterile wheat has been used as a tool for 
recurrent selection for more than 10 years. 

Major progenitors, their 
characteristics and descendants 
Major landrace progenitors of Chinese wheats, 
their characteristics, and number of 
descendants are summarized in Table 12 (Jin 
1983). Selected from a landrace of the Nanjing 
area of Jiangsu Province in the late 1920s or 
early 1930s, Jiangdongmen had the desirable 
characteristic of early maturity, as do all of its 
successful descendants. Up to 50 cultivars were 
derived from it, including the following major 

10� Personal interviews with Ma Hong, wheat pathologist, University of Saskatchewan; Mao Pei, wheat breeder, Hebei 
Agricultural Academy, China; Jiang Changjian, visiting scientist, CIMMYT; Hu Xueyi, postdoctoral scientist 
(CIMMYT) and a former wheat breeder, Henan Province. 
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ones: Liyin 3, Liyin 4 (1940s), Huadong 6 
(1950s), Aiganzao, Zhongshan 6, and Liaochun 
1. These cultivars were generally grown in the 
southern winter wheat zones (Le., where 
spring-habit wheats are sown in autumn) and 
northern spring wheat zones. 

Hechuanguangtou and Chenduguangtou are 
both landraces from Sichuan Province with a 
high number of kernels per spikelet. 
Hechuanguangtou's descendants include 
Shannong 205, Shuang 1, Shuwan 29, 
Zhuyeqing, and Yaanzao. Chenduguangtou's 
more than 54 progeny include the cultivars 
Datouhuang, Wuyi mai, Fan 6, and Fan 7. All 
major progeny share the distinctive feature of 
more kernels per spikelet, and all were grown 
in the southwestern winter wheat zones. Wuyi 
mai's derivatives, Ganmai 8 and Ganmai 23, 
were major cultivars in northwestern spring 
wheat zone. 

Maza mai is a landrace from the Guanzhong 
area, Shaanxi Province, with high yield and 
good adaptability. Maza mai's progeny number 
196, including Bima 1, Bima 4, Jinan 2, Beijing 
8, Shijiazhuang 54, Taishan 1, and 12057 Uimai 
1). Maza mails progeny were major cultivars in 
the winter wheat zone of the Yellow and Huai 
River Valleys. 

Selected from the landraces of Shanxi Province, 
Yanda 1817 is typical of the cold- and drought
tolerant landraces in the northern winter wheat 
zone. Its more than 53 descendants include 
Nongda 183, Nongda 311, Huabei 187, 
Shijiazhuang 407, Dongfanghong 3, Nongda 139, 
Beijing la, and Hanxiuan 10-the major cultivars 
in northern winter wheat zone. 

Originating in northern Henan Province, Youzi 
mai is a landrace with broad adaptation. In the 
1950s, it was a major cultivar extended in the 
middle and low Yellow River Valleys. Youzi mai's 
progeny number about 17, and include Youbao 
mai, Xishi xiaomai, Jinan 9, and Yannong 685, all 
of which were major cultivars. 

Kehua and Mangou 335A-531 are selections fn)m 
the landraces of the northeastern spring wheat 
zone. Their distinctive features are drought
resistance at the seeding stage and tolerance to 
waterlogging in later stages. Their descendants 
include Hezuohao, Dongnonghao, and Kezihao. 
Jinjiangchizi is a landrace from Fujian Province, 
and one of its progeny, Jinmai 2148, was a major 
cultivar in the southern winter wheat zone. 
Reyimuxia and Bakepuke are landraces from the 
Xinjiang area, and their progeny, Xindong 2 and 
Kashe, were major cultivars in the winter and 
spring wheat zones of Xinjiang Province. 

Table 12. Major landrace progenitors of modern Chinese wheats and their characteristics 

Name 

Jiangdongmen 
Hechuanguangtou 
Chenduguangtou 
Maza mai 
Yanda 1817 
Youzi mai 
Kehua, Mangou 335A-531 

Jingjiangcezi 
Reyimuxia, Bakepuke 

Source: Jin (1986). NA = not available. 

Province No. derived 
of origin cultivars 

Nanjing, Jiangsu 50 
Sichuan NA 
Sichuan 54 
Guanzhong,Shaanxi 196 
sel. Shanxi 
Henan 
Northeastern 

Fujian 
Xinjiang 

53 
17 
NA 

NA 
NA 

19 

Best features 

Early maturity 
Kernels/spikelet 
Kernels/spikelet 
Yield, adaptability 
Cold, drought tolerance 
Adaptability 
Drought-resistant at seedling stage; spring wheat 
zone; tolerant to water-logging in late stage. 
NA 
NA 



Other important wheat forms and genesll 

Other landraces, wild relatives, and genes 
found in various wheat forms have (1) special 
value to the understanding of wheat genetics 
and origins and (2) the potential for wide 
crosses. 12 Wide crosses are crucial to expanding 
the genetic diversity of wheat. 

Table 13 lists some examples of unique 
hexaploid wheat forms that have been 
discovered in China. Many of these are more 
primitive forms than Triticum spelta, one of the 
early progenitors of common bread wheat. 
Aegilops squarrosa is the wild grass donor of one 
of the three genomes of hexaploid wheat, and it 
has been discovered as a native species in 
northwestern China and as a weed in central 
China. The Sichuan White Wheat Complex, in 
particular, consists of several hexaploid forms 
believed to have originated independently in 
China through pollination of cultivated 
tetraploid wheat by Ae. squarrosa. 

Chinese germplasm possesses numerous 
special characteristics. Beginning in 1985, white 
grain landraces from the Yangtze Valley have 
also been screened for resistance to pre-harvest 
sprouting, and a number have been identified 
with this special characteristic. Since 1987, the 

Table 13. Some special Chinese wheat forms 

Province 

landraces have been utilized in breeding 
programs, and several highly resistant 
advanced lines have been developed in the 
Crop Research Institute of the Sichuan 
Academy of Agricultural Sciences. 

In 1972, a natural male-sterile mutant of 
T. aestivum L., Taigu male-sterile wheat, was 
found in Taigu County, Shanxi Province. 
Genetic analysis has revealed that male-sterility 
is controlled by the dominant Tal gene and that 
the Tal gene is located on the chromosome 405. 
This gene is now widely used in single cross, 
double cross, back cross, and step 
hybridization. Another important use of the Tal 
gene is in population recurrent selection, which 
was used previously only for cross-pollinating 
crops such as maize. By means of this male 
sterile wheat, breeders have developed a series 
of elite materials which are tolerant to both 
biotic and abiotic stresses and have high yield 
potential. 

Wheat's ability to cross with its relatives is 
controlled by the recessive kr gene. China may 
be the center of origin for these genes. One 
reason that Chinese Spring is often used in 
wide cross work is that it possesses three 
recessive kr genes: krllocated on chromosome 

Name of origin Special trait 

Xinjiang Rice Wheat Winjiang Similar to Polish hexaploids. 
Tibetan Semi-wild Wheat Tibet Rachis easily broken; more primitive than T. spelta. 
Yunnan Hulled Wheat Yunnan Rachis easily broken; similar to T. spelta. 
Aegilops squarrosa Xinjiang The 0 genome donor of bread wheat. 
Sichuan White Wheat Complex Sichuan Believed to have originated independently in China thourgh 

pollination of cultivated tetraploids by Ae. squarrosa. 

Source: Presentation by Wuyun Yang, CIMMYT (1995). See Yang (1995). 

11 Much of this section draws on personal interviews with Wuyun Yang. See Yang (1995). 
12 A cross between two plants that do not hybridize without the use of special techniques, such as a cross between two 

genera (e.g., wheat and rye) or between a cultivated crop species and its wild relatives (e.g., bread wheat and the 
Triticum grass species). 
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5B; kr2 located on chromosome SA; and kr3 
located on chromosome 5D. In scientific 
research throughout the world, Chinese Spring 
has been used as bridge material to make wide 
crosses with wheat relatives. In recent years, a 
material called J-11, which appears to cross 
more effectively with rye than does Chinese 
Spring, was selected from a Sichuan landrace 
by Chinese scientists. Genetic analysis revealed 
that J-11 possesses a fourth kr gene, located on 
chromosome 1A. 

Studies of landrace accessions from six Chinese 
provinces reveal an effective crossing ability 
relative to accessions from other regions of the 
world. Table 14 summarizes the percentage 
distribution of accessions by level of crossing 
ability for each province, for China, and for 
other countries as a group. Type 1 accessions 
show very low crossing ability (less than 5%) 
with rye. Type 2 accessions cross with rye in 
5% or more of the trials. Type 3 accessions have 
crossing abilities similar to Chinese Spring, and 

Type 4 accessions have abilities higher than 
Chinese Spring and similar to those of J-11. The 
findings show that the percentage of Chinese 
accessions demonstrating Type 2-4 levels of 
crossing ability is higher than that of the 
accessions from other nations. Most accessions 
evaluated from other nations demonstrated 
Type 1 crossing ability. 

Use of Exotic Germplasm in China 

Major introduced cultivars 
Fourteen major progenitors of Chinese wheats 
were released from 1949 to the 1980s. Jinn (1983) 
calls these progenitors centroparents. They 
included Chinese landraces, several improved 
Chinese lines, and introduced cultivars from 
Italy, Chile, and the U.S. (Table 15). 

Qiao et al. (1994) analyzed the characteristics 
and pedigrees of major cultivars grown in Zone 
II (the winter wheat region of the Yellow and 
Huai River Valleys) during the 1980s (Table 16). 



Table 16. Genealogical profile of the top ten cultlvarsln Zone II, China, 1980s and early 1990s 

Cultlvar Pedigree 

Peak 
area 

million ha 

Yr. of 
peak 
area 

Original parenti, 
Chinese 'andrace 

Introduced 
before 1950s 

Foreign parenti 

1950. 1960. early 1970. 

Sainong 3217 FunolNiexiang5/1 
Xiannong 39 F2I3/ 
Xinong 64 (4) 43/ 
Yanda Fl 

1.60 1983 Mazamai 

Guanzhonglaomai 

Quality 
(Australia) 
Villa Glori 
(Italy) 

Heine Hvede 
(Denmark) 
Funo 
(Italy) 

Jiyuan xiaofoshou 

Huixianhong 

Mentana 
(Italy) 

Suwon 86 
(Korea) 

Ji 5418 
(Jimai 30) 

78·3147/Shi 4414 1.2 1991 Mazamai Quality 
(Australia) 

Heine Hvede 
(Denmark) 

Orofen 
(Chile) 

Abpopa 
(FSU) 

Vii/a Glori 
(Italy) 

early Premium 
(U.S.) 

Shaan 7859 7858/6811 (2) 0.952 1989 Mazamai Quality 
(Australia) 

Heine Hvede 
(Denmark) 

Sibley 81 
(U.S.) 

Shanqian mai 
(FSU) 

Guanzhonglaomai Abbondanza 
(Italy) 

Jiyuanxlafoshou Mara 
(Italy) 

Lumai 14 74 (11)3/Yan7115211 
Yan 71148 

0.926 1991 Mazamai Triumph 
(U.S.) 

Xiaoyinshu 
(Japan) 

Orofen 
(Chile) 

Lorvin 13· 
(Romania) 

Pinyao xiaobaimai 

Youzi mai 

Villa Glori 
(Italy) 

Oguan 1 
(FSU) 

Virgilio 
(Italy) 

Rulofen 
(Chile) 

Gaoyuan dali 

een 1 Lorvin 10n6111Sumai 3 0.891 1990 Mazamai Quality 
(AUSTRALIA) 

Heine Hvede 
(KOREA) 

St24221464 
(ITALY) 

Lovrin 10 
(ROMANIA) 

Guanzhonglaomai Villa Glori 

Xian 8 Aiganzao/S11472·507 0.719 1991 Maza mai Quality 
(AUSTRALIA) 

Suwon 86 
(KOREA) 

S114721506 
(ITALY) 

Guanzhonglaomai Villa Glori 
(ITALY) 

Jiyuan xiaofoshou 

Jimai 26 Aiganzao/Lovrin 101/ 
Jinfeng 1 

0.671 1990 Maza mai Quality 
(AUSTRALIA) 

Suwon 86 
(KOREA) 

Lovrin 10 
(ROMANIA) 

Guanzhonglaomai Villa Glori 
(ITALY) 

Shannong 
215953 

AimongniulFu 66 1.2 1991 Maza mai Quality 
(AUSTRALIA) 

Heine Hvede 
(DENMARK) 

Neuzucht 
(GERMANY) 

(Lumai 5.8.11) Guanzhonglaomai Vii/a Gloria 
(ITALY) 

Abbondanza 
(ITALY) 

Jiyuan xiaofoshou Suwon 86 
(KOREA) 

Jinan 13 White Orofenll 
HuixianhongllAbo 1.21 1986 Huixianhong Abbondanza 

(ITALY) 
Orofen 
(CHILE) 

Yangmai 5 9-16/3/24191 
Triumph//S. Funo/4/s. 12.8 1991 Triumph 

(U.S.) 
Funo 
(ITALY) 

S114721506 
(ITALY) 

St 14721506 Mentana 
(ITALY) 

Source: Oiao et al. (1994). 
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Their geneological profile shows the early 
generations in their pedigrees to be based on 
key Chinese landraces such as Maza mai and 
Youzi maL Foreign parents introduced before 
the 1950s included Quality (Australia), 
Mentana (Italy), Villa Glori (Italy), Early 
Premium (US.), and Triumph (US.). In the 
19505, important foreign parents included 
Suwon 86 (Korea), Abbondanza (Italy), and 
Funo (Italy). The Chilean parents Orofen, and 
Rulofen (of Italian parentage), as well as other 
Italian lines, were bred into their pedigrees in 
the 1960s. In the early 1970s, selections from the 
Romanian cross Lovrin, as well as some 
materials from the Former Soviet Union and 
Germany, were introduced into their pedigrees. 

Cooperation with foreign institutions, such as 
Cornell University and the Rockefeller 
Foundation, as well as various foreign 
missionary organizations, began during the 
19205 and 1930s and resulted in the 
introduction of modern plant breeding science 
(Hsu 1982). When the People's Republic of 
China was founded, there were over 100 
agricultural experiment stations at the national 
and provincial levels, 25 national agricultural 
colleges, and 9 agricultural schools. As a whole, 
there was no extension service, and 
educational-experimental efforts were too 
small to affect productivity. But some of the 
foreign cultivars introduced from the U.S., 
Australia, and Europe during this period 
provided the basis for later cultivar 
improvement. Major foreign cultivars that were 
introduced before 1949 and that played an 
important role in plant breeding after the 
founding of the People's Republic of China 
included Quality, Noongar, and Fawn 
(Australia); Villa Glori, Mentana, and Ardito 
(Italy); and Triumph and Early Premium (U.S.). 

Quality, called Biyu mai, was introduced in 
1923 and extended to a large area in both 
winter and spring wheat zones during the 
1950s. Quality had broad adaptation, drought 
tolerance, and resistance to leaf and stripe rust. 
Two of Quality's descendants, Liyin and Bima, 
were both among the early improved cultivars 
that were widely grown and that became major 
parents in the national breeding program. 
Noongar (Shannian 2) was extended in 
northern spring wheat zones in 1950s and, at 
the time, was highly resistant to stripe and leaf 
rust. Fawn (Chuanfu mai), which was resistant 
to stripe rust and loose smut, was introduced in 
1938 and extended in Sichuan Province. Fawn 
and. Quality are the parents of the famous 
cultivar Wuyi mai, whose descendants were 
the major cultivars planted in the southweste~ 

winter wheat zone and the northwestern spring 
wheat zone. 

.Either directly planted or as parents used in 
breeding, Italian cultivars have played an 
important role in China's wheat production. 
Many cultivars originating in Italy were well 
adapted to the southern winter wheat zone and 
some other areas. Ardito, Mentana, and Villa 
Glori resulted from the famous work of 
Strampelli (about 1930), in which he crossed 
Wihelmina with the early maturing Italian 
landrace Rieti, and then top-crossed the F1 with 
Akagomughi, a short-strawed Japanese 
variety.13 

Reiti was resistant to disease and had good 
grain quality. Wilhelmina, the progeny of a 
backcross of the Dutch landrace Zeeuwse Witte 
to one of the earliest English cultivars, 
Squarehead, was high-yielding. Ardito 
(Ailiduo, also named Zhongda 2509) was 
introduced very early in China and was 

13� Ardito and Mentana have been of great importance in wheat breeding not only in China and throughout the 
Mediterranean region, but also in South America and the Former Soviet Union (Lupton 1987). 
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planted in Yunnan, Guizhou, Sichuan, Fujian, 
Anhui, and Jiangsu Provinces. Ardito was 
short, daylight-insensitive, and highly resistant 
to stripe rust and loose smut. Villa Glori 
(Zhongnong 28), introduced in the late 1930s 
and grown in Sichuan, Guizhou, and Yunnan 
Provinces, was also daylight-insensitive and 
highly resistant to stripe rust and loose smut. 
Mentana (Nanda 2419) was planted throughout 
the country after 1949 (except in the 
northeastern spring wheat zone) and was still 
grown in 1983. 

The major Chinese progeny of these early 
Italian-improved wheats include Yaanzao and 
Zhuyeqing (from Ardito); Xinong 6028 and 
Shannong 205 (from Villa Glori); and Niexiang 
5, Xuzhou 14, and Emai 6 (from Mentana). Each 
of the introductions noted above-and some of 
the Italian cultivars introduced in the period 
from 1950 through 1970 (mentioned below)
were planted directly, and some of them 
occupied very large areas. 

Before 1949, the U.S. spring wheat cultivars CI 
12203 (Gansu 96) and Merit were extended in 
China's spring wheat production zones. 
Another U.s. spring wheat, Pilot (Bailuotou), 
was extended in Heilongjiang Province in the 
1950s. A series of Minnesota spring wheats 
(Songhuajiang 2, 3, 4, and 5) were extended in 
Heilongjiang, Jilin, and Inner Mongolia 
Provinces iIi the 1950s. All of the U.S. spring 
wheat introductions played an important role 
in the control of stem rust, and their progeny 
include Dongnong 101, Keqiang, Kezhuang, 
Liaochun 1, and Liaochun 2. Pilot, for example, 
was a selection from Hope (Zeven and Zeven
Hissink 1976) and likely carried the Sr2 
complex for stem rust resistance. 

Important U.S. winter wheats which were 
probably ihtroduced before 1949 but were 
extended during the 1950s include Early 
Premium (Zaoyang mai), Triumph (Shengli 
mai), and Cheyenne/Early Blackhull (Qianjiao 
mai). Widely grown descendants of Early 
Premium include Beijing 8, Dongfanghong 3, 
Jinan 2, Jinan 4, Jinan 9, Shijiangzhuang 54, 
Changle 5, Xuzhou 14, and their derivatives 
Beijing 10, Nongda 139, and 12057. Major 
cultivars descended from Triumph include 
Nongda 183, Nongda 311, Huabei 187, and 
Shijiangzhuang 407. Cheyenne and Blackhull 
were selections from winter wheats brought to 
the Kansas Experiment Station from the Crimea 
and were probably selections from (or are 
related to) Turkey, the major progenitor of all 
U.S. winter wheats (Flora 1988; Zeven and 
Zeven-Hissink 1976). Triumph was a hard red 
winter wheat from Oklahoma; it was also a 
farmer's selection.14 

Cultivars from Italy and the U.S. also played an 
important role in China's wheat breeding 
programs from 1950 through 1970. Chile and 
Eastern Europe became major sources of 
breeding material during this period as well. 
After 1949, many of these lines were 
introduced through the FSU and Eastern 
European socialist countries. Tevere (Jieli), 
Giuliari (Aiganhong), and Funo (Afu) were 
major Italian improved wheats descended from 
or related to Ardito (Lupton 1987); Giuliari is a 
descendant of Tevere. All three were 
introduced in the 1950s and extended widely in 
China. All were relatively short, rust resistant, 
and daylight-insensitive. 

The important Chinese selections from (and 
progeny of) Funo include Boai 7023, Wumai 1, 

14� Blackhull was one of the top five wheat varieties grown in the U.s. from the 1920s through the mid-1940s, and 
Cheyenne was planted on over 3 million hectares in the U.S. from 1944 to 1974. Triumph was one of the top five 
wheat varieties grown in the U.S. from the 1950s and 1960s. Triumph had a key characteristic that was not exploited 
by U.s. wheat breeders until the 1940s: it was relatively short (Dalrymple 1988). 
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Yangmai 1/ Yangmai 2/ Yangmai 3/ 
Sichuanyouyimai, Sumai 1/ and Sumai 3. The 
Italian cultivar Abbondanza (Abo) was 
extended in most of China/s wheat zones; 
introduced in the 1950s, Abbondanza 
descended from Mentana and Villa Glori 
(Zeven and Hissink-Zeven 1976). 
Abbondanza's Chinese progeny include 
Taishan 4/ Ganmai 8/ Doudi 1/ and Tianxuan 
15. St 1472/506 (Zhengyin 1/ originally from 
Italy) was extended in Gansu, Henan, and 
Jiangsu provinces in 1960s, and its descendant 
Ningmai 3 was widely grown. 

Orofen (Ourou) was an important Chilean 
introduction that had wide adaptation in 
China. Released in Chile in 1958, it was 
introduced to China through Albania. In the 
1950s, it was extended in the northern spring 
wheat zone, the Xingjiang winter and spring 
wheat zone, the southwestern winter wheat 
zone, and the southern winter wheat zone. In 
the 1960s, Orofen was used as a parent in 
breeding a number of major cultivars, 
including Taishan 1 and Jinmai 2148; the 
winter wheat cultivars 12057/ Xuzhou 17/ 
Zhongshan 6/ and Fengmai 13; and the spring 
wheat cultivars Xinshuguang 1/ Jinghong 5/ 
Qingchun 5/ and Jinchun 2. Orofen is also a 
descendant of Mentana (Zeven and Hissink
Zeven 1976)/ with Mexican wheat parentage 
through Yaqui 48/ one of the earliest wheats 
bred by Norman Borlaug. Orofen carries Hope 
resistance to stem rust inherited through 
Thatcher, as well as other rust resistance 
complexes inherited through Frontana. 

In general, FSU introductions did not adapt 
well to Chinese growing conditions. Some 
were used as parents in breeding lines for the 
northern winter wheat zone because of certain 
desirable characteristics (e.g., big spike, big 
kernel, drought tolerance), and some adapted 
well in Xinjiang and Ganshu Provinces 

(including Wukelan 0246/ new Wukelan 83/ 
Aodesa 3/ Aodesa 16/ and Xiaoe 186). Sulian 
Zaoshu 1/ of FSU origin, is a parent for a 
number of important cultivars, including 
Xuzhou 15, Taishan 1/ and Beijing 10. 

With the improvement in Chinese foreign 
relations during the 1970s, scientific exchange 
increased. Since the early 1970s, 1B/1R 
derivatives-such as Lovrin 10 (Romania), 
Kavkaz, and Neuzucht-have been used in 
breeding as sources of rust resistance. The 
Mexican (CIMMYT) wheats Yecora F70, 
Alondra "5/" Veery, and Tanori F71 were 
introduced and used in breeding during this 
period. According to Dalrymple (1986)/ the use 
of Mexican (CIMMYT) semi-dwarf wheats in 
direct sowing and in the breeding program 
began in China during the 1970s, when large 
quantities of CIMMYT seeds (of varieties 
Potam, Tanori, Saric, Inia, and Jori) were 
purchased and planted in the southern and 
northeastern provinces. Many of these varieties 
sprouted before harvest, and others were 
susceptible to scab and stripe rust, which are 
present in China but not in the irrigated wheat
growing zone of northwestern Mexico. The 
varieties were later-maturing than indigenous 
varieties, less drought tolerant, and when sown 
in the fall, lacked cold tolerance. Chinese 
breeders crossed the CIMMYT materials with 
their own lines, and reported progeny from the 
crosses included winter and spring wheats 
extended in southwestern and southern China 
(Zones IV and V)/ which are relatively minor 
wheat-producing zones. 

Since the early Green Revolution wheat 
varieties, the ancestral pool of the most popular 
CIMMYT lines has broadened, and the 
breeding strategy of pyramiding multiple 
sources of resistance genes from diverse genetic 
backgrounds has improved the prospects for 
more durable rust resistance (Singh and 
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Rajaram 1995).15 Gradually, CIMMYT materials 
appear to be playing a more important role in 
the Chinese breeding program: 

During the 1980s and 1990s, with the 
continuation of economic and political reforms 
in China, germplasm exchange has become less 
a matter of diplomatic affairs and more a 
routine scientific activity. Established in 1978, 
the Chinese Plant Germplasm Institute began a 
new stage of germplasm collection and 
research: it is in charge of introducing cultivars 
and has established a system of introduction, 
quarantine, preservation, and germplasm 
utilization. In recent years, approximately 4000 
accessions of common wheat cultivars have 
been introduced from more than 30 countries, 
including Yugoslavia, England, France, 
Romania, Argentina, and the U.S. 

Semi-dwarf materials 
Since much wheat in China is grown under 
irrigated conditions,16 the development of 
semi-dwarf cultivars has long attracted wheat 
breeders' attention. Chinese wheat scientists 
began to breed for short stature in the 1950s. In 
1957, wheat breeders in Shaanxi Province 
crossed Suweon 86 with Xinong 6028 and other 
cultivars to obtain the first group of dwarf and 
semi-dwarf cultivars in China. These could not 
be directly sown in farmers' fields because of 
their poor plant shape, small spikelets, rust 
susceptibility, and early withering. As parents, 
they were used extensively in breeding 
programs throughout the country. Since 1970s, 
a large number of semi-dwarf cultivars with 
high yield potential have been extended; these 

include Nongda 139, Beijing 10, Taishan 1, 

Taishan 4, Fan 6, Boai 7023, Jinan 13, Lumai 14, 
Lumai IS, Ningmai 3, Bainong 3217, and 
Mianyang 11. 

Semi-dwarf cultivars now cover most of the 
winter wheat areas in China. Among varieties 
actually cultivated, those with plant heights of 
70-90 cm are classified as semi-dwarf, although 
most of these varieties range from 80 to 90 cm. 
Varieties shorter than 70 cm are classified as 
dwarf 17 

Table 17 shows the major parents of 170 
Chinese semi-dwarf cultivars, and Table 18 
shows the major parents of 70 dwarf 
accessions, according to the Chinese Plant 
Germplasm Institute (1982). Examination of 
Tables 17 and 18 shows that, of the nine major 
parents, at least four are Italian or Chilean 
cultivars descended from Akagomughi, the 
Japanese short-strawed variety that carries the 
Rht8 and Rht9 dwarfing genes. According to 

Table 17. Major parents of 170 Chinese semi-dwarf 
accessions (70-80 em)-

Number of Percent of 170 
Cultlvar progeny accessions 

Xiannong 39 25 14.71 
Triumph 20 11.76 

Funo 17 10.00 
Xinong 6028 13 7.65 

Oroten 12 7.06 

Abbondanza 8 4.71 

Early Premium 7 4.12 

Nanda 2419 7 4.12 

St24221464 6 3.53 

Source: Institute of Crop Germplasm Resources (1982). 
a Varieties used in semi·dwarf breeding must meet a 
higher standard (Le., 70·80 cm as opposed to 70·90 em 
for the category as a whole). 

15� Evidence on ClMMYT wheat varieties is reported in Smale (1995) and Smale et at. (forthcoming). 
16� According to FAG Agrostat data for the People's Republic of China, 52% of cultivated area was irrigated in 1993. 

ClMMYT (1989) estimated that 31% of the wheat area was irrigated in the mid-1980s, with an 8% growth rate from 
the 1961-1965 period to the 1981-1985 period. 

17 The formal classification of breeding lines is more restrictive. According to Chinese Plant Germplasm Institute (1982), 
of 2,391 accessions bred from the 19505 to the 19805, 170 (7%) are 70-80 cm tall (semi·dwarf), and 70 (3%) are shorter 
than 70 cm (dwarf). 
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evidence reported in Dalrymple (1986), 
Abbondanza (descended from Mentana-see 
Section 6) was considered a semi-tall in China, 
and Ardito was shorter. As noted in Section 6, 
Triumph was relatively short among U.S. 
cultivars. Early Premium does not appear to 
have been a major parent of Chinese dwarf 
cultivars. 

The two Chinese-bred major parents found in 
Tables 17 and 18 are Xiannong 39 and Xinong 
6028. Xiannong 39 was the first dwarf cultivar 
bred in China, from Xinong 6028 and Suweon 
86. Suweon 86 is a sister of Suweon 85 and a 
relative of Norin 10, the source of the Rhtl and 
Rht2 dwarfing genes through the landrace 
Daruma (which originated in Japan or Korea). 
Norin 10 is one of the parents of the CIMMYT 
semi-dwarf wheats (Dalrymple 1986). Xinong 
6028's parents are Jinyang 60 and Villa Glori 
(Italy), the latter having descended from. 
Akagomughi. Jinyang 60, also named Xibei 60, 
is a landrace selection from Shaanxi Province; it 
is not a dwarf plant. Tables 17 and 18 thus 
suggest that most of the dwarf genes in 
Chinese cultivars are derived from foreign 
germplasm. 

In addition to several of the foreign sources of 
dwarfing genes reported above, Jia has 
reported the importance of Hui Xian Hong and 

Table 18. Major parents of 70 Chinese dwarf 
accessions (shorter than 70 em) 

Number of Percent of 70 
Cultlvar progeny accessions 

Xiannong 39 20 28.57 
Funo 9 12.86 
Nanda 2419 8 11.43 
Orofen 6 8.57 
Triumph 5 7.14 
Xinong 6028 5 7.14 
Abbondanza 5 7.14 
St2422/464 5 7.14 

Source: Institute of Crop Germplasm Resources (1982). 

You Bao maL You Bao is an improved cultivar 
from Shandong Province. Youzi mai and 
Baodasanbaipao are believed to be its parents. 
However, test results have indicated that 
neither of these parents contributed You Bao 
mai's dwarfing genes Gia 1992). The origin of 
Hui Xian Hong is unclear. It was reported to be 
a landrace from Hui County, Henan Province, 
or an introduction from Japan, resembling 
Norin 14, a relative of Norin 10 (Dalrymple 
1986; Jia 1992). Another more recent domestic 
source of dwarfism has been identified as a 
natural mutant of either Aiganzao (a Chinese 
line from the cross of Suweon 86 and Villa 
Glori) or Abbondanza. With further selection 
and breeding, Aibian 1 was obtained from the 
mutant. Aibian 1 is only 24- to 30-cm tall, and 
with stable heredity, it has been used and 
studied in many breeding programs. 

Conclusions 

Two factors appear to account for Chinese 
breeders' heavy reliance on domestic 
germplasm. The first is the long history of 
wheat cultivation by Chinese farmers. East Asia, 
including China, may be one of the secondary 
centers of origin for wheat-although wheat 
has, according to Harlan, "diffuse" origins. A 
second factor is the isolation imposed on China 
by its government for more than two decades 
after the establishment of the People's Republic 
of China in 1949. Still, this analysis has shown 
that the influence of Chinese landraces in the 
gene pool of modem Chinese cultivars may be 
less important than expected and that the 
influence of foreign germplasm may be 
correspondingly more important. 

The evidence reported here suggests that 
Chinese landraces have served as key ancestors 
in the nation's early phases of modern plant 
breeding, and also that there may have been a 
resurgence of interest in their special 
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characteristics in recent years. Foreign parents 
(particularly several Italian and U.s. lines), 
however, appear to have dominated the 
pedigrees of major cultivars grown throughout 
the past few decades. 

The key Italian lines are descendants of a 
famous cross (made about 1930) by Strampelli 
between Akagomughi, a short-strawed 
Japanese variety (reportedly given to 
Strampelli by an Italian florist) and the FI from 
the cross of the Italian landrace Rieti and the 
Dutch variety Wilhelmina (Dalrymple 1986; 
Lupton 1987). Wilhelmina is a result of the 
cross between a major English progenitor of 
many European wheats, Squarehead, and a 
Dutch landrace, Zeeuwse Witte (Lupton 1987). 

Also, the dwarfing genes carried by China's 
dwarf and semi-dwarf varieties originated with 
Daruma. Chinese breeders introduced 
Daruma's genes more recently and directly 
than Akagomughi's through crosses with 
Suweon 86 of Korea. Thus, the ancestry of 
China's modern wheats traces to Europe and 
back again to East Asia. Although evidence is 
inconclusive, there may be other, indigenous, 
Chinese sources of dwarfing genes. 

Through the Italian lines, and later through the 
Mexican lines, the ancestry of China's modern 
wheats is inextricably linked to the ancestry of 
the major lines grown in other parts of the 
developing world today. Through the U.S. and 
Mexican lines, the ancestry of China's wheats is 
also linked to those of North America, and 
through them, the Crimea, even though many 
of the lines introduced more recently from the 
FSU did not adapted well to China's growing 
conditions. 

Despite these linkages, some of the evidence 
reported by Yang (1995) and Dalrymple (1986) 
suggests that China is the source of numerous 

unique wheat forms that may be of importance 
to genetic diversity domestically and globally 
in the coming years. As a result of recent 

. political reforms, germplasm exchange has 
become more routine, and the use of Chinese 
germplasm by other national and international 
breeding programs, as well as the use by 
Chinese breeders of new sources of foreign 
germplasm, has likely expanded. 

The ancestry of lines is an important 
determinant of genetic diversity in breeding 
material. The diversity of germplasm in 
farmers' fields is determined both by the 
ancestry of cultivars actually grown and by the 
pattern (spatial and temporal) of cultivation. 
Before the-agricultural reforms of the last few 
decades, the pattern of cultivation in farmers' 
fields was not determined by the factors that 
neoclassical economists typically describe as 
influencing varietal adoption or individual 
farmers' choices given market conditions. 
Diffusion patterns were to a large extent 
planned through a government hierarchy and 
administered through collectives. 

We have reported some major features of the 
varietal replacements that occurred from the 
1950s through the 1970s in major wheat
producing zones. For three decades, the pattern 
appears to be that a few major modem 
cultivars covered a large proportion of the area 
planted to modern wheat, cutting across 
geographical zones. Following the political and 
economic reforms that began in 1978, however, 
decision-making devolved from the national 
government to the provinces, from the 
provinces to the county, and within localities, 
to individual farmers. The evidence reported 
here suggests that during the 1980s and 1990s, 
as compared to earlier periods, a larger number 
of modern cultivars has each occupied a 
smaller proportion of the area planted to 
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modem wheat, and the set of cultivars grown 
has varied more by region than in earlier 
periods. 

Thus, the spatial pattern of cultivars grown in 
China has gradually changed as follows: 

• Previously, numerous landraces were 
planted locally, along with afew dominant 
modern wheats, most of which were introduced 
rather than nationally bred. 

• Presently, few landraces are planted locally, 
and many different modern wheats-most of 
which are nationally bred-are each planted 
in small areas. 

This pattern is similar to that found in India 
and the U.S., although all the wheats in the U.S. 
were initially introduced by farmers, and in 
many parts of India, a few modem cultivars 
still dominate vast areas (Smale 1995). Our 
comparisons of spatial diversity (the percentage 
of area planted to the top five cultivars) and of 
temporal diversity (the age of cultivars grown in 
farmers' fields, weighted by their percentage of 

area) pro~ide some indication that the pattern 
of concentration and varietal replacement in 
China is favorable when compared to that of 
South Asia (India and Pakistan), the other 
major wheat-producing area of the developing 
world. Over the few years for which we have 
data (1982-1990, 1993), the analysis suggests 
that, given the variety in China's immense 
wheat production zones, modem cultivars are 
relatively diverse, both in number and with 
respect to the area they cover. 

That is not to say that the extent of 
concentration in ancestry among modem 
wheats is not cause for concern. The evidence 
reported here suggests that Italian cultivars 
and their derivatives, and related Chilean 
cultivars, covered very large portions of 
Chinese wheat area at one time. Expanding the 
ancestral pool of the modem wheats grown in 
China, and preserving the remaining unique 
wheat landraces and wheat forms that may still 
grow there naturally, are significant policy 
concerns for Chinese and global agricultural 
research. 
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