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Abstract — To confirm resistance and genetic rules of Xikemai 6 against physiological races of wheat stripe rust, physiological races 
CYR31, CYR32 and CYR33, Su11-4 and V26 were inoculated in Xikemai 6 and Mingxian 169 and their hybrid progenies F1, F2 and 
F3 at adult plant stage on March 2015. The results showed that the resistance of Xikemai 6 against CYR31 was controlled by 2 pairs 
of dominant genes and a pair of recessive genes; the resistance against CYR32 was controlled by 3 pairs of dominant resistant genes 
(2 pairs of genes performed cumulative effect); the resistance against CYR33 was controlled by a pair of dominant genes and a pair 
of recessive genes; the resistance against Su11-4 was controlled by a pair of dominant genes and a pair of recessive genes 
independently or collaboratively; the resistance against V26 was controlled by a pair of dominant genes independently. Due to good 
performance of Xikemai 6 in test and production, as well as years of resistance identification and genetic analysis, Xikemai 6 was 
proved to be an excellent cultivar with good resistance against stripe rust, and the inheritance of its resistance was stable, so Xikemai 
6 could be used as a germplasm resource and resistance material with excellent comprehensive character. Molecular marker and 
localization could be further studied, to provide new resistance parents for disease-resistant breeding of wheat. 
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I. INTRODUCTION 
 
Wheat stripe rust is an air-borne wheat leaf disease 

caused by Pucciniastriiformisf. sp.Tritici (Pst), and it is one 
of the most destructive diseases in wheat production in 
China or even the world[1-2]. Since physiological races of 
Pst have high variability with climate changes for at least 
3-5 years or at most 10 years, the stripe rust resistance 
ability of resistance source and its progeny is easily 
overcome by new virulence races, resulting in loss of wheat 
resistance and stripe rust epidemic[3]. Due to generation 
and prevalence of new virulence races in China, various 
major wheat producing areas have basically experienced 
7-8 times of large-scale alternation of wheat cultivars. Since 
the 1990s, wheat cultivars with Fan 6 and derivatives as the 
resistance sources were promoted in large area in upper and 
middle reaches of the Yangtze River. In the mid1990s, the 
physiological race CYR32 gradually become epidemic, 
becoming a dominant population of Pst. Thereafter, wheat 
cultivars in production gradually lost their resistance, 
leading to stripe rust pandemic in 1996, 1999, 2001 and 
2002[4]. In north area of China, a large number of wheat 
cultivars, such as Lovrin blood relationship, Su blood 
relationship and Funo blood relationship, were infected 
with stripe rust. In 2002, the physiological race CYR32 
caused outbreak of wheat stripe rust in China, resulting in 
yield loss of 130 million t, and in some provinces even 
more than 10%-20% of wheat area failed to harvest[5-6]. 
As entering the 21st century, with the changes in climate 
and ecological conditions, new physiological races of wheat 
stripe rust emerged quickly, with fast epidemic rate, 
stronger pathogenicity and virulence. In early 2000, CYR33 
quickly became a dominant and epidemic race after its 
discovery and naming. In 2008-2009, new pathogenic type 
V26 of stripe rust was first found in Pixian County of 
Sichuan, which might infect wheat cultivars carrying 
resistance genes YR26 and YRCH42; the pathogenic type 
was then found in Tianshui of Gansu. Thus, the wheat 
cultivars with blood relationship with Guinong 19-22 series, 
92 R series and Chuanmai 42 were greatly threatened by 

pandemic of stripe rust[7-8]. Due to cooperative evolution 
of pathogens and hosts, large-scale planting of 
disease-resistant cultivars with the same gene will easily 
leads to emergence of new Pstraces, or even develops into 
epidemic of stripe rust. Most of scientific research units and 
breeders in China focus on short-term goal under pressure 
from various assessment indices, and purely pursuit species 
number and economic benefits. Therefore, resistance source 
and parent materials against stripe rust are single, without 
innovation of new resistance sources. So, exploring new 
resistance sources of wheat, digging new resistance genes 
and cultivating new cultivars with resistance against stripe 
rust is the problem urgently to be solved in current wheat 
breeding and production in China.  

All-stage resistance and adult-plant resistance are the 
two main types of resistance to wheat stripe rust. 
Adult-plant resistance is commonly quantitative trait, with 
race nonspecific resistance; the resistance is durable but 
incomplete, with little impact on yield. All-stage resistance 
is generally qualitively inherited, with race specific 
resistance; wheat presents resistance against diseases 
throughout the growth stage, but the resistance is easily 
overcome by new races, with great impact on yield[9]. 
Genetic analysis of stripe rust resistance of Mianmai 37 at 
adult plant stage confirmed that the resistance of Mianmai 
37 against CYR32 race at adult plant stage was controlled 
by a pair of dominant genes, and meantime influenced by 
two pairs of recessive genes[10]. Xiaoyan 6 was susceptible 
at seedling stage or adult plant stage at low temperature, but 
performed resistance at high temperature, and it belonged to 
all-stage high temperature resistance type[11]. Genetic 
analysis of high temperature resistance against stripe rust at 
adult plant stage showed that resistance of Xiaoyan 6 
belonged to quality trait inheritance, and all high 
temperature resistance genes were major resistance 
genes[12]. Thus, even the same cultivar will perform 
different resistance in different periods and ecological 
environment conditions, and it also proves the genetic 
complexity of wheat cultivars against stripe rust. In 
evaluation of stripe rust resistance of 134 wheat cultivars 
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(lines) in Sichuan, Xikemai 6 performed resistance against 
stripe rust throughout the growth stage[13], but the 
resistance inheritance of Xikemai 6 has not been reported 
yet. Genetic analysis of resistance of Xikemai 6 at adult 
plant stage was conducted to explore new stripe rust 
resistance genes and resistance parents, in order to provide 
a reference for disease resistance breeding of wheat.  

 
 

II. MATERIALS AND METHODS 
 
A. Materials  

 
Susceptible wheat cultivar Mingxian 169 was provided 

by wheat resource research department of Sichuan 
Academy of Agricultural Sciences; Xikemai 6 was provided 
by Wheat Research Institute of Southwest University of 
Science and Technology, which was the main cultivar 
released in wheat production in Sichuan Province[14]. In 
2010, through hybridization of Xikemai 2028×Mingxian 
169 and self-crossing, enough seeds in F1, F2 and F3 
generations were obtained. Physiological races of Pst, 
CYR31, CYR32, CYR33, Su11-4 and V26, were obtained 
from Institute of Plant Protection, Gansu Academy of 
Agricultural Sciences, which were preserved in dryer until 
use after isolation and expanding reproduction.  

 
B. Methods  

 
During 2012 and 2014, the resistance identification of 

Xikemai 6 was completed by Xia Xianquan, a research 
associate in Sichuan Institute of Plant Protection. In 
October 2014, Xikemai 6 and Mingxian 169 as well as their 
hybrids F2 and F3 were planted in experimental fields of 
Southwest University of Science and Technology. To 
facilitate operation and field investigation, seeds were sown 
individually in triangle way, 22 seeds each row, with row 
length of 1 m, row spacing of 30 cm, and seed spacing of 
10cm. The parent of each physiological race and F2 and F3 
were sown in the connected position; parent Xikemai 6 P1 
and Mingxian 169 P2 were planted in 2 rows, respectively; 
F2 was planted in 20 rows; 15 strains of F3 were planted, 10 
lines each strain; Mingxian 169 was planted parallel to test 
materials as trigger line, and the actual emergence seedlings 
were adopted as the survey plants. Inoculation was 
performed in March 2015 during wheat booting stage. 
Before inoculation, wheat leaves were sprayed with water 
just for once; test strains and talc were mixed uniformly at 
the ratio of 1:50, and inoculated on tested materials by 
dipping with cotton swabs; plastic film was covered after 
inoculation to avoid interaction. At 20 d post inoculation, 
survey was conducted when induced materials were fully 
diseased.  

 
C. Survey and statistics  

 
Field resistance survey was conducted in accordance 

with Field Appraisal Technical Specification of Wheat 
Stripe Rust Resistance in Sichuan Province. In differential 
hosts, reaction type 0: no visible symptoms, severity 0, 
immune; reaction type 0;: emergence of small faded spots, 
no spores, severity 1%-5%, immunity-high resistance; 
reaction type 1: emergence of small-sized necrotic spots or 
streaks, scattered spores, severity 10%-20%, high resistance; 

reaction type 2: emergence of necrotic spots and faded spots 
or streaks, small volume of sori, severity 30%-40%, 
moderate resistance; reaction type 3: occurrence of necrotic 
spots and faded spots or streaks, medium volume of sori, 
severity 50%-70%, moderate susceptibility; reaction type 4: 
occasional fading, large volume of sori, gradual wither of 
leaves, severity 80%-100%, high susceptibility. After full 
incidence of susceptible cultivar Mingxian 169, the 
infection status of various physiological races was surveyed 
according to national unified standard 0, 0;, 1,2, 3 and 4; the 
reaction types of physiological races to plants 0,0;, 1 and 2 
were resistant types, and reaction types of 3 and 4 were 
susceptible types[15].  

 
D. Data analysis  

 
Data analysis was performed using SPSS 20.0 

statistical analysis method complied by Chen Shengke[16]. 
The numbers of resistance, segregation and susceptible 
individual plants and strains (family) in parents, hybrid F2 
and F3 generations were statistically calculated according to 
analysis, and segregation ratio was calculated. Fitness test 
was performed using χ2 method (P≤0.05), to determine the 
most suitable segregation ratio.  

 
 

III. RESULTS AND ANALYSIS 
 
-A. Resistance identification of Xikemai 6 against stripe rust  

 
After wheat cultivar approval by Sichuan Province in 

2009, the original source species of Xikemai 6 was 
improved its purity by removing impurities for continuous 2 
years in 2010 and 2012. Artificial inoculation identification 
of Xikemai 6 was performed in consecutive 3 years from 
2012 to 2014. The results showed that Xikemai 6 presented 
high resistance or immunity to physiological races CYR32, 
CYR33, Su11-4, V26 and mixed strains, while Mingxian 
169 was susceptible to all strains. Field trait performance 
and statistical investigation of resistance identification 
showed that Xikemai 6 had good agronomic characters and 
high yield, and could be planted in large area, with social 
and economic benefits; grain had good character, with high 
protein content and good quality; it displayed high 
resistance or immunity to wheat stripe rust, being an 
excellent resistance source material for high yield resistance 
breeding of wheat (TABLEⅠ).  

 
B. Genetic analysis of resistance of Xikemai 6 to CYR31 

 
After inoculation with CYR31, 41 plants of Mingxian 

169 were completely susceptible, including 15 plants with 
infection type 3 and 26 plants with infection type 4; 39 
plants of Xikemai 6 were completely resistant, including 22 
plants with infection type 0 and 17 plants with infection 
type 0;. The hybrid of Xikemai 6 and Mingxian 169 
appeared resistance-susceptibility segregation in F2 
generation; among 409 plants in 20 rows, 390 plants were 
resistant type and 19 plants were susceptible type; χ2 test 
accorded with the genetic segregation ratio of 61R:3S. Two 
resistance-susceptibility segregation populations F3-1 and 
F3-3 were investigated in F3 generation; 205 plants in 10 
rows were investigated in F3-1, including 53 resistant plants 
and 152 susceptible plants; 215 plants in 10 rows were 
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investigated in F3-3, including 56 resistant plants and 159 
susceptible plants; χ2 test showed that they accorded with 
the genetic segregation ratio of 1R:3S. The results indicated 
that the resistance of Xikemai 6 against CYR31 was 
controlled by 2 pairs of dominant genes and a pair of 
recessive genes independently (TABLEⅡ).  

 
C. Genetic analysis of resistance of Xikemai 6 to CYR32 

 
After inoculation with CYR32, 42 plants of Xikemai 6 

were completely resistant, including 29 plants with 
infection type 0 and 13 plants with infection type 0;. Totally 
39 plants of Mingxian 169 were susceptible, including 26 
plants with infection type 3 and 13 plants with infection 
type 4. The hybrid combination of Xikemai 6 × Mingxian 
169 appeared resistance-susceptibility segregation in F2 
generation after inoculation of CYR32; among 398 plants in 
F2 generation, 353 plants were resistant type and 45 plants 
were susceptible type, accorded with the ratio of 57R:7S; χ2 
test accorded with the segregation ratio of 3 pairs of 
dominant genes (2 pairs performed cumulative effect). In 
F3-1 strains, 192 plants in 10 rows were completely resistant, 
without any susceptible plants, indicating the resistance 
gene of the strain was homozygous. In F3-2 strains, there 
were 158 resistant plants and 48 susceptible plants; and in 
F3-3 strains, there were 146 resistant plants and 52 
susceptible plants, which all accorded with the ratio of 
3R:1S; in other words, it accorded with the segregation 
ratio of a pair of dominant hybrid genes, indicating the 
parental genotype was a pair of dominant hybrid resistance 
genes. In F3-4 strains, there were 116 resistant plants and 94 
susceptible plants, accorded with the ratio of 9R:7S; it 
accorded with the segregation ratio of cumulative effect of 
2 pairs of genes, indicating the parental genotype was 2 
pairs of hybrid resistance genes, with cumulative effect 
among genes. Stripe rust resistance identification of hybrids 
of Xikemai 6 and Mingxian 169 in F2 and F3 generations 
showed that the resistance of Xikemai 6 against CYR32 
was controlled by 3 pairs of dominant resistance genes (2 
pairs of genes performed cumulative effect (TABLEⅡ).  

 
D. Genetic analysis of resistance of Xikemai 6 to CYR33 

 
After inoculation with CYR33, 38 plants of Mingxian 

169 were completely susceptible, with infection type 4; 41 
plants of Xikemai 3 performed resistance, including 22 
plants with infection type 0; and 19 plants with infection 
type 1. The hybrid combination of Xikemai 6 × Mingxian 
169 appeared resistance-susceptibility segregation in F2 
generation after inoculation of CYR33; among 415 plants in 
F2 generation, 348 plants were resistant type and 67 plants 
were susceptible type; χ2 test accorded with the segregation 
ratio of 13R:3S, indicating the resistance of Xikemai 6 
against CYR33 was controlled by a pair of dominant genes 
and a pair of recessive genes independently or 
collaboratively. In F3-1, F3-3, F3-4 strains, there were 152, 169 
and 142 resistant plants and 56, 49 and 55 susceptible plants, 
respectively, which all accorded with the segregation ratio 
of 3R:1S, indicating these lines contained a pair of 
dominant hybrid resistance genes. In F3-2 and F3-5 strains, 
there were 59 and 44 resistant plants and 153 and 148 
susceptible plants, respectively, which accorded with the 
segregation ratio of 1R:3S, indicating these lines contained 
a pair of recessive resistance genes. Survey data in F2 and 

F3 generations showed that the resistance of Xikemai 6 
against CYR33 was controlled by a pair of dominant genes 
and a pair of recessive genes (TABLEⅡ).  

 
E. Genetic analysis of resistance of Xikemai 6 to Su 11-4 

 
After inoculation with Su 11-4, Xikemai 6 performed 

resistance, including 23 plants with infection type 0; and 17 
plants with infection type 1; 41 plants of Mingxian 169 
were completely susceptible, including 13 plants with 
infection type 3 and 28 plants with infection type 4. When 
the hybrid combination of Xikemai 6 ×Mingxian 169 was 
inoculated with Su 11-4, there were 339 resistant plants and 
93 susceptible plants in F2 generation, accorded with the 
ratio of 13R:3S; χ2 test accorded with the segregation ratio 
of a pair of complete dominant genes and a pair of recessive 
genes. In F3-1, F3-4 and F3-5 lines of the hybrid combination, 
142, 158 and 153 plants displayed resistance while 54, 158 
and 153 plants exhibited susceptibility, respectively, which 
accorded with the ratio of 3R:1S, indicating they had a pair 
of hybrid resistance genes. In F3-2 and F3-3 lines, 48 and 62 
plants performed resistance while 150 and 155 plants 
performed susceptibility, respectively, which accorded with 
the ratio of 1R:3S, indicating the parental genotype 
contained a pair of recessive genes. In F3-6 line, 205 plants 
were all susceptible without any resistant plants, indicating 
the resistance gene loci of the strain was homozygous 
susceptible. For stripe rust resistance of strains in F2 and F3 
generations, the number of resistance genes against Su 11-4 
was equal to that against CRY33 in Xikemai 6, and the 
parental genotype contained a pair of complete dominant 
gene and a pair of recessive gene (TABLEⅡ). The 
consistency of their disease-resistant mechanism and 
disease resistance effect still needs further research.  

 
F. Genetic analysis of resistance of Xikemai 6 to V26 

 
After inoculation with the physiological race V26, 

Xikemai 6 performed resistance completely, including 18 
plants with infection type 0; and 21 plant with infection 
type 1; 41 plants of Mingxian 169 were completely 
susceptible, including 14 plants with infection type 3 and 27 
plants with infection type 4. When the hybrid combination 
of Xikemai 6 ×Mingxian 169 was inoculated with V26 
strains, there were 334 resistant plants and 98 susceptible 
plants in F2 generation, respectively; χ2 test accorded with 
the segregation ratio of 3R:1S, indicating the resistance of 
Xikemai 6 against V26 was controlled by a pair of 
dominant genes. In F3-1, F3-4 and F3-6 lines with 
resistance-susceptibility segregation, 110, 90 and 115 plants 
performed resistance while 100, 105 and 95 plants 
performed susceptibility, respectively, which accorded with 
the segregation ratio of 1R:1S. Among 15 inoculated lines 
in F3 generation, four lines performed complete resistance, 
eight lines performed resistance-susceptibility segregation, 
and three lines performed homozygous susceptibility, 
basically accorded with the segregation ratio of 1R:2RS:1S. 
The above survey showed that the resistance of Xikemai 6 
against V26 was controlled by a pair of dominant genes 
(TABLEⅡ).  
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IV. DISCUSSION AND CONCLUSION 
 
Genetic analysis of resistance of Xikemai 6 showed 

that the resistance against CYR31 was controlled by 2 pairs 
of dominant genes and a pair of recessive genes; the 
resistance against CYR32 was controlled by 3 pairs of 
dominant resistant genes (2 pairs of genes performed 
cumulative effect); the resistance against CYR33 was 
controlled by a pair of dominant genes and a pair of 
recessive genes; the resistance against Su11-4 was 
controlled by a pair of dominant genes and a pair of 
recessive genes independently or collaboratively, and 
whether these resistant genes are the same resistant genes 
against CYR33 on any chromosomes still need further gene 
and positioning analysis; the resistance against V26 was 
controlled by a pair of dominant genes independently. From 
the perspective of pedigree, there are a variety of parental 
materials of Xikemai 6, such as Marquis (Canada), Myra 
(Italy), Abo (Italy), Chuannong 65-4395, Chuannong 
65-4479, Shannong 205, Fan 6, 70-5858, Mianyang 11, 
Mianyang 15, Mianyang 88-304 (Mianyang 25), Mianyang 
86-5, Mianyang 95-325, 92R-135, etc. For parent 
performance, Marquis, Abo, Myra, Shandong 205, Fan 6 
and Mianyang 11 are famous cultivars, playing important 
roles in wheat production[14,17]. For product character, 
quality ingredient and agronomic trait, Marquis, Shannong 
205, 70-5858, Mianyang 25, Mianyang 15, Mianyang 11, 
Mianyang 86-5 (Mianyang 23) are excellent breeding 
materials, with good character and excellent comprehensive 
agronomic traits. For stripe rust resistance, Shandong 205, 
Abo, Fan 6, Mianyang 11 and 92R-135 are disease-resistant 
source parents used in different periods, and a large number 
of excellent wheat cultivars have been cultivated and 
released in production. Numerous excellent genes and 
disease-resistant genes in different periods are gathered in 
Xikemai 6 through convergent cross and multi-step cross, 
exhibiting high resistance against current physiological 
races of stripe rust. The hybrid progenies of 92 R series 
exhibit many bad properties such as purple awn, purple 
glume and hard shell. Xikemai 6 has overcome these 
weaknesses completely after years of cultivation. Thus, 
Xikemai 6 is not only an excellent wheat cultivar, but also a 
new resistance source parental material that can be fully 
used in disease-resistant breeding of wheat. Physiological 
and biochemical, photosynthesis and genetic analysis of 
Xikemai 6 is of very important significance to explore its 
intrinsic value.  

Han et al.[18] identified 86 wheat cultivars (lines) in 
Sichuan basin in 2009, 18.6% of which showed seedling 
resistance and 52.3% had adult plant resistance, and the 
overall resistance level against stripe rust was high. With 
the spearation of new pathogenic types of Pstin Pixian and 
Tianshui of Gansu, the resistance level of wheat cultivars 
(lines) against stripe rust in Sichuan basin declined. 
Through resistance identification of 23 major wheat 
cultivars and 44 lines in Sichuan wheat region, it was found 
that 22 materials performed adult plant resistance and 10 
materials had all-stage resistance, while more than 60% of 
major cultivars were susceptible to stripe rust[19]. Since the 
1990s, the physiological races CYR31, CYR32 and CYR 
33 in Sichuan gradually increased. Currently, CYR33 has 
become the first dominant race and CYR32 is the second 
epidemic race; the occurrence frequency of Su 11-4 and Su 
11-7 also gradually rises. Due to new pathogenic type V26 

of stripe rust, some wheat derivatives with Yr26, YrCH42 as 
resistance sources, such as Guinong series, 92R series and 
Chuanmai 42 series, are susceptible to stripe rust. Sichuan 
basin plays an important role in large area epidemic of 
wheat stripe rust in China, and the urediniospores can 
directly spread eastward to eastern China with airflow, 
posing great threat to wheat production in Sichuan or even 
the whole country. Because of convergent resistance source, 
it is urgent to create resistant parents and breed new 
resistant cultivars. Meanwhile, the disease-resistant 
breeding of wheat in China can be improved in the 
following measures: strengthening cooperation between 
scientific research units and breeds, mutual exchange of 
parent materials and resistance source materials, studying 
resistance sources and genes of resistant cultivars, 
expanding resistance sources of wheat against stripe rust, 
increasing the diversity of resistance genes of wheat 
cultivars, and improving resistance ability and duration 
against various physiological races, thereby defending the 
damage caused by stripe rust epidemic. Xikemai 6 collects 
resistance genes of multiple resistance source cultivars and 
materials in different periods, with excellent agronomic 
traits and quality trait as a breeding cultivar. Current 
resistance analysis shows that it performs strong resistance 
reaction against major epidemic physiological races in 
China. Therefore, Xikemai 6 is a central parent deserved 
extensive use, and identification, analysis and application of 
Xikemai 6 will be of great use value and long-term 
historical significance for wheat disease-resistant breeding 
and national food security.  

Centro Internacional de MejoramientodeMaizyTrigo 
(CIMMYT) started research and application of adult-plant 
resistance in the 1970s, a set of effective breeding methods 
have been formed and a large number of plants with 
adult-plant resistance have been cultivated. Using adult 
plant resistance against stripe rust can reduce the yield loss 
of wheat production, and adult plant resistance has been 
used as the main direction and selection index for wheat 
breeding in many countries around the world[20-22]. The 
adult plant resistance of Xikemai 6 against stripe rust was 
carried out genetic analysis, and the results showed that the 
resistance against current physiological races was 
controlled by one to three pairs of genes independently or 
collaboratively, indicating that Xikemai 6 was the cultivar 
and resistance source with adult plant resistance. Ren et al. 
also proved that Xikemai 6 had all-stage resistance and 
adult-plant resistance. Previous studies have shown that 
genetic analysis and molecular marker of germplasm 
resources of different resistance sources and gene 
positioning could determine whether resistance genes are 
used effectively, which has great significance for molecular 
breeding of disease-resistant wheat cultivars. Practice 
shows that pyramiding of 4-5 minor genes with relatively 
great effect can cultivate nearly immunized cultivars at 
adult stage[23]. From pedigree and parental analysis of 
Xikemai 6, whether it aggregates different resistant genes 
from varying parents into the same cultivar, and whether it 
is the cumulative effect of minor gene or is controlled by 
major gene is to be determined by linkage state of 
resistance gene through gene positioning and molecular 
marker of Xikemai 6. The result will lay a theoretical basis 
for a more important role of Xikemai 6 in wheat production 
and wheat disease-resistant breeding.  
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TABLEⅠ.RESISTANCE REACTION OF XIKEMAI 6 TO WHEAT STRIPE RUST AT ADULT PLANT STAGE 
Year Cultivar Infection type and severity

CYR31 CYR32 CYR33 Su11-4 V26 
2011-2012 
 

Xikemai 6   0, 0  0;, 4% 0;, 9% 0;, 1, 9% 0;,1, 12% 
Mingxian169   3, 89%  3, 85% 3-4, 90% 3-4, 95% 4,  100% 

2012-2013 
 

Xikemai 6   0;, 3%  0;, 15% 0;,1, 18% 0;, 1, 15% 0;,1, 20% 
Mingxian169  3, 90% 3-4, 90% 3-4, 95% 4, 100% 4, 100% 

2013-2014 
 

Xikemai 6   0, 0 0;, 10% 0;,1, 15% 0;,1, 20% 1-2, 20% 
Mingxian169   3, 85% 3, 85% 3-4, 90% 3-4, 95% 4, 100% 

 

RESISTANCE ANALYSIS OF XIKEMAI 6 TO STRIPE RUST RACES CYR31, CYR32, CYR33, Su11-4 AND V26 

Races of 
stripe 
rust 

Parents or 
combinations 

Generations  Infection types and surveyed 
number of plants or lines

Segregation 
ratio of 
resistance and 
susceptibility  

Expected 
ratio  

χ² 
value 

0 0; 1 2 3 4

CYR31 Xikemai 6 P1 22 17 0 0 0 0  
Mingxian169 P2 0 0 0 0 15 26  
Xikemai 
6×Mingxian169 

F2 171 129 57 33 11 8 390:19 61R:3S 0.006
F3-1 17 15 16 5 79 73 53:152 1R:3S 0.046
F3-3 20 13 9 14 88 71 56:159 1R:3S 0.083

CYR32 Xikemai 6 P1 29 13 0 0 0 0  
Mingxian169 P2 0 0 0 0 26 13  
Xikemai 
6×Mingxian169 

F2 155 123 40 35 21 24 353:45 57R:7S 0.024
F3-1 49 61 38 44 0 0 192  
F3-2   52 47 39 20 31 17 158:48   3R:1S 0.231
F3-3 46 41 27 32 29 23 146:52   3R:1S 0.242
F3-4 38 31 19 28 50 44 116:94   9R:7S 0.051

CYR33 Xikemai 6 P1 0 22 19 0 0 0  
Mingxian169 P2 0 0 0 0 0 38  
Xikemai 
6×Mingxian169 

F2 133 112 59 44 39 28 348:67 13R:3S 1.682
F3-1 49 56 37 10 27 29 152:56  3R:1S 0.314
F3-3 71 33 28 37 25 24 169:49 3R:1S 0.612
F3-4 50 41 26 25 35 20 142:55 3R:1S 0.746
F3-2 23 26 10 0 89 64 59:153 1R:3S 0.761
F3-5   30 14 0 0 70 78 44:148 1R:3S 0.340

Su11-4 Xikemai 6 P1 0 23 17 0 0 0  
Mingxian169 P2 0 0 0 0 13 28  
Xikemai 
6×Mingxian169 

F2 99 82 31 97 42 51 339:93  13R:3S 2.009
F3-1 47 58 37 0 22 32 142:54 3R:1S 0.551
F3-4 55 43 33 27 37 20 158:57 3R:1S 0.188
F3-5   60 39 25 29 28 22 153:50   3R:1S 0.002
F3-2 38 10 0 0 88 62  48:150 1R:3S 0.027
F3-3 27 35 0 0 71 84 62:155 1R:3S 1.292
F3-6   66 46 57 36 0 0 205  

V26  Xikemai 6 P1 0 18 21 0 0 0  
Mingxian169 P2 0 0 0 0 14 27  
Xikemai 
6×Mingxian169 

F2 108 115 65 46 61 37 334:98 3R:1S 1.114
F3-1 38 32 25 15 42 58 110:100 1R:1S 0.476
F3-4 43 36 11 0 66 39  90:105 1R:1S 1.154
F3-6   50 21 33 11 49 46 115:95 1R:1S 1.905
F3    4:8:3 1R:2RS:1S 0.200

Note: χ2
0.05,1 = 3.84, χ2

0.05,2 = 5.99.  

. 
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