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Summary. Near isogenic/substitution lines of stem rust 
resistance genes in different backgrounds of 'Marquis', 
'Chinese Spring' and W 2691 and certain varieties with 
known genes for stem rust resistance were tested against 
each of 19 Indian cultures of stem rust races/biotypes (14, 
15, 17, 21, 21A-l, 24, 34, 40, 40A, 42, 42B, 117, l17A, 
l17A-1, 122, 184, 194, 222 and 295). Sr 24 ('Sear's 
3D/Ag'), Sr 24 (TR 380-27 4/3 Ag 14-White seeded re- 
combinant with 'Agent' type resistance), Sr 25 ('Sear's 
7D/Ag'), Sr 26 ('Eagle'), Sr 26 (Knott's 6A/Ag transloca- 
tion), Sr 27 (WRT 238-5), Combination line (Sr Ttl + Sr 
9b) were observed to be completely effective against all 
the 19 cultures tested. In addition, a number of lines, such 
as TAF2d (Sr Agl), Line W(Sr Tt2) and Combination III 
(Sr Ttl + Sr 9e), were found to be effective against at 
least three of the most prevalent races (21, 40A and 
117A-l) and a virulent race 122 in Indian natural popula- 
tion. Lines carrying genes other than Sr 2, Sr 9a, Sr 9f 
('Chinese Spring') and Sr 15 ('Norka'), and Line E were 
found to be resistant to one or more cultures of stem rust. 

The background effect upon the expression of a gene 
was observed by comparing the range of infection on 
single gene host lines in either different backgrounds 
and/or in cultivars with known genes for stem rust resis- 
tance against the 12 cultures of stem rust races found in 
India. 
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pathogen. It is well known that diversity can be intro- 
duced into a crop community at a number of levels and in 
a number of ways. One of the well known methods for 
extending the field life of  varieties, the development of 
'multigene' and 'multlline' cultivars, also requires informa- 
tion on the effectiveness of known genes for resistance 
against local virulences. Further, differential interactions 
between isogenic host lines and a series of  rust cultures 
serve as a useful step in establishing the genetic constitu- 
tion for resistance in potential wheat parents having one 
or two genes for resistance. These interactions also serve 
as a test of allelism by establishing the identity of  the 
resistance genes in the appropriate strains. 

Sawhney et al. 1977 studied for the first time the 
virulence pattern of Indian leaf rust races on near iso- 
genic lines having individual genes of leaf rust resistance, 
and some varieties with known specific genes for leaf rust 
resistance. In a second attempt, the effectiveness of some 
of the stem rust resistance genes was determined against 
a number of Indian cultures of stem rust races (Patra et al. 
1976). The tests were, however, incomplete with regard 
to both the variability for resistance genes and the patho- 
gen races currently available in the country. The present 
communication deals with the interactions produced in 
near isogenic lines with individual stem rust resistance 
genes in different backgrounds and a number of cultivars 
as sources of known genes for stem rust resistance when 
tested with currently maintained Indian cultures of stem 
rust races and biotypes. 

Introduction 

Knowledge of genetic variations for virulence and for 
resistance effective to local flora of the rust pathogen is 
the basis for the planned utilisation of diverse resistance 
in the development of wheat cultivars resistant to the 

Material and Methods 

Near isogenic/substitution lines of stem rust resistance genes in 
different backgrounds of 'Marquis', 'Chinese Spring' and W 2691 
and certain varieties with known genes for stem rust resistance 
were inoculated. Seed of the isogenic and substitution lines and 
the other cultivars used in the study was initially obtained from 
the University of Sydney, Australia. Some of these lines with 
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'Marquis' as background were also obtained from the University 
of Minnesota (U.S.A.). All the material studied is being main- 
tained at the Division of Genetics, Indian Agricultural Research 
Institute, New Dehli. 

Pathogen Cultures 

Nineteen Indian cultures of stem rust races/biotypes (14, 15, 17, 
21, 21A-1, 24, 34, 40, 40A, 42, 42B, 117, l17A, l17A-1, 122, 
184, 194, 222 and 295) were used. The races are being main- 
rained as single spore cultures at the Regional Research Station of 
the Indian Agricultural Research Institute, Simla. 

Seedling Test 

Standard procedures (Stakman et al. 1944) for the inoculation of 
seedlings were followed and the reactions were classified after 
15-20 days according to the scale devised by Stakman et al. (1944). 
The tests were conducted in the greenhouses at the Regional Sta- 
tion of Indian Agricultural Research Institute, Simla, at a temper- 
ature not exceeding 22~ Some of the reactions were conf'trmed 
in the temperature controlled Laboratory at the Division of Ge- 
netics, I.A.R.I., New Dehli, at temperatures ranging from 12 ~ 
22~ where sufficient additional light was provided for the devel- 
opment of healthy infection. 

Resul ts  and Discuss ion  

The wheat stem rust organism exists as a multiplicity of strains 
differentiated on a set of differentials. The use of suitable single 
gene lines and/or varieties with known genes for resistance has 
been suggested so as to be able to distinguish them relative to viru- 
lence pattern (Sawhney and Goel 1980). Furthermore, the detec- 
tion of new genetic variations in the pathogen, the identification 
of variability in resistance effective against new virulences, and in- 
corporation of different resistances in the cultivars from time to 
time, are the other important goals in the study. 

Range of Variability in the lndian Population of Stem 
Rust 

Annual surveys are conducted to keep informed of  
the current status o f  rust races in nature and also to ob- 
tain information regarding evolution shifts or  shifts in 
race flora. Sample analysis conducted mainly on inter- 
national differentials from the crop season of  1970-71 
onwards has revealed that  only 12 races/biotypes of  stem 
rust (15, 17, 21, 21A- l ,  34, 40, 40A, 42, 42B, 117, 
1 1 7 A - l ,  and 122) occur naturally in India (Table 1). Ra- 
ces 2 1 , 4 0 A  and 117A-1 constitute 90% of  the total  field 
isolates whereas the other  races have been found in only 
minor frequencies (Singh et al. 1977, 1978, 1979). 

Since the 1970's,  race 21 has assumed the top  posit ion 
in order o f  predominance in the northern parts o f  the 
country.  This race is reported to  have a shorter incubation 
period and bet ter  sporulation (Sharma and Prasada 1975). 

Table 1. Summary of Indian cultures of stem rust races identified 
from 1970-71 to 1979-80 

Sampling year Races identified Reference 

1970-71 15, 21, 21A-l, 34, 40, 42, Singh et al. (1978) 
42B, 117,122 

1971-72 21, 21A-1, 34, 40, 42, Singh et al. (1978) 
42B, 122 

1972-73 15, 21, 34, 42B, 117,122 Singh et al. (1978) 
1973-74 21, 34, 117 Singh et al. (1978) 
1974-75 21, 34, 40A a Singh et al. (1977) 
1975-76 21, 17, 34, 40A Singh et al. (1977) 
1976-77 17, 21, 117A-1 a, 122 Singh et al. (1979) 
1977-78 21, 40, 40A, 117, 117A-1 Singh et al. (1979) 
1978-79 17, 21, 34, 40A, l17A, (unpublished) 

l17A-1,122 
1979-80 15, 17, 21,40A, 42B, (unpublished) 

l17A-1,122 

a Picked up for the first time during year indicated 

Genes Sr 5(St 5-Ra), Sr 8(1Sr 8-Ra), Sr 9b(Sr 9b-Mq), Sr 
9e( 'Vernstein ') ,  Sr 11 (ISr 11-Ra), Sr Tt2 (Line W), Sr Ag~ 
(TAF2d)  and a number o f  other genes that  were found 
resistant to  all the races are effective against Indian cul- 
ture o f  race 21. Sr 5, Sr 6, Sr 8, Sr 9b and Sr 11 are the 
most common stem rust resistance genes observed in cul- 
tivars from the Indian breeding programmes (Sawhney 
unpublished data). 

Culture 117A-1 was detected for the first time in 
1976-77 in samples from the extensively cultivated va- 
rieties 'Bijga Yellow' and NI 5439 from Karnataka (South 
India). Since then,  it has spread considerably, posing a 
threat to the cultivation o f  wheat in that  area (Sharma et 
al. 1979). In addit ion to the genes observed completely 
resistant to all races, it can be seen from data in Table 2 
that culture l17A-1 is avirulent on a number of  lines 
carrying genes (Sr l(Sr 1-Mq), Sr 5(1 Sr 5-Ra), Sr 6(1 Sr 
6-Ra), Sr 7a(CS/KF-4B), Sr 9b(Sr 9b-Mq), Sr 12 (CS/Tha 
- 3B), Sr 13 ( 'Khapstein-Mq'),  Sr 14 ( 'Khapstein-Mq') 
Sr 22 ('Mq-Stewart'-Monococcum). Sr 23 ( 'Exchange') ,  
Sr 28 ( 'Kota ' ; ) ,  Sr 29 ( 'Etiole de Choisy') ,  Sr Agi (TAF2d) ,  
Sr Tt2 (Line W) and 'Marquis' .) 

Culture 40A was first collected during 1973-74 on a 
Durum wheat variety, HD 4513, from Wellington (South 
India), an area considered as the foci of  stem rust infec- 
t ion in the country.  Wheat cultivars such as HD 2009, 
'Choti  Lerma' ,  WL 208 and 'Zafrana ' ,  considered to be 
resistant to all the cultures o f  stem rust races, were found 
susceptible to this culture (Sharma et al. 1975). In 
addit ion to the highly effective genetic resistance against 
all the races, this culture has been observed to be also 
avirulent on Sr 21 ( 'Einkorn ' ) ,  Sr 22 ('Mq-Stewart'-Mono- 
coccum) Sr Tt 1 (CI 12632 and 'Timvera') ,  Sr Agi (TAF2d)  
and Sr Tt2 (Line W). The Indian culture o f  race 40 is of  
particular interest in a search for more resistance in T. 
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Table 2. Summary showing the effectiveness of different Sr genes when tested against 19 cultures of Indian stem rust races 
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Near isogenic line/variety Races for which effective 

Hope/10. Marquis (St 9d or Sr 1) 
I Sr 5-Ra 
I Sr 6-Ra 
CS *7/Kenya Farmer (St 7a) 
I Sr 7b-Ra 
I Sr 8-Ra 
Kenya 117/10 Marquis (Sr 9b) 
CS .7/Thatcher 2B (St 9g) 
Sr 9e (Vernstein) 
Egypt Na 95/4* Marquis (Sr 10) 
ISr ll-Ra 
CS .5/Thatcher 3B (Sr 12 + Sr 16) 
Khapstein/10. Marquis (St 13) 
Khapstein/10* Marquis (Sr 14) 
I Sr 16-Ra 
I Sr 17-Ra 
Sr 21 (Einkorn- T. monococcum) 
Sr 22 Marquis/'Stewart'/T. monococcum 
Sr 23 (Exchange) 
Sr 24 - Scar's 3D/Ag 
Sr 24 - TR 380-27* 4/3 Ag 14 
Sr 25 - Sear's 7D/Ag translocation 
Sr 26 (Eagle) 
Sr 26 Knott's/Ag translocation 
Sr 27 (Wheat-Rye translocation-238-5) 
Sr 28 (Kota;) 
Sr 29 (Etiole de Choisy) 
Sr 30 (Festiguay) 
Sr Ttt (CI 12632) 
Sr Tt 2 (Line W) 

14,117A, 117A-1 
14, 17, 21, 21A-1, 24, 42, 42B, 117, l17A, 117A-1,184,194,295 
14, 15, 17, 117A-l, 184 
15, 17, 117, l17A, 117A-1 
14, l17A 
21, l17A, 122 
14, 17, 21, 42B, 117, l17A, l17A-I, 122, 184,194,295 
21A-l, 194,222, 295 
14, 17, 21, 21A-l, 24, 34, 42, 42B, 122, 194,222,295 
14,42, 117A, 222 
14.15, 17, 21, 24, 34,40,42, 194,222 
17, 117A-l, 194,222 
14, 15, l17A, l17A-1,194, 222 
14, l17A, 117A-1 
194 
15, 34 
21, 21A-l, 34, 40, 40A, 184,194,222 
14, 24, 34, 40A, 42, 42B, 117A, l17A-1,184,194,222 
42B, l17A-1 
14, 15, 17, 21, 21A-l, 24, 34, 40, 40A, 42, 42B, 117, l17A, l17A-1,122, 184,194,222,295 
14, 15, 17, 21, 21A-l, 24, 34, 40, 40A, 42, 42B, 117, 117A, 117A-1,122,184,194,222,295 
14, 15, 17, 21, 21A-1, 24, 34, 40,40A, 42,42B, 117, l17A, l17A-1,122,184,194,222, 295 
14, 15, 17, 21, 21A-l, 24, 34, 40,40A, 42, 42B, 117, l17A, l17A-1,122, 184,194,222,295 
14, 15, 17, 21, 21A-l, 24, 34, 40, 40A, 42, 42B, 117, l17A, l17A-1,122, 184,194,222,295 
14, 15, 17, 21, 21A-l, 24, 34, 40,40A, 42,42B, 117, l17A, l17A-1,122, 184,194,222, 295 
14, 24, 42, 42B, 117, l17A, 117A-l, 122, 184,295 
42, 42B, l17A-1,194 
14, 15, 21A-l, 24, 42, 42B, 117, l17A, 122, 184,194,295 
14, 34, 40A, 42, 42B, 117, l17A, 122,184,194,222,295 
14, 15, 17, 21, 21A-l, 24, 34,40A, 42,42B, 117, l17A-1,122, 184,194,295 

Sr 2 ('CS'/'Hope 3B'), Sr 9a (I Sr 9a-Ra), Sr 9f ('Chinese Spring'), Sr 15 ('Norka') have been found ineffective against all the cultures tested 

timopheevi because it is virulent on both Sr Ttl  and Sr 
Tt2, two of  the potential genes for resistance designated 
in T. timopheevi (Sawhney and Goel 1979). 

Race 122 is an extremely virulent race first isolated 
during 1952. It infects most o f  the exotics, indigenous 
and improved high yielding dwarf cultivars o f  wheat 
(Joshi et al. 1974). However, in addition to completely 
resistance genes, lines carrying Sr 9b (St 9b-Mci) , Sr 28 
( 'Kota';),  Sr 30 ('Webster' and 'Festiguay'), Sr Ag~ 
(TAF2d), Sr Ttl  (CI 12632 and 'Timvera'), Sr Tt2 (Line 
W) were observed resistant when inoculated with Indian 
culture o f  race 122. 

A logical strategy for breeding resistance to stem rust 
for the country as a whole would be to incorporate genes 
for resistance effective at least to the most prevalent and 
virulent cultures (21, 40A, 117A-l,  and 122). Perusal of  
the data presented in Table 6 indicates that in addition to 
the genes resistant to all the current Indian stem rust 
races, TAF2d (St Agi), Line W (St Tt2), Combination III 
(Sr Ttl  + Sr 9e), and another combination line (Sr Ttl  + 
Sr 9b) are of  special interest. A number o f  other genes 

effective to individual cultures could be useful in provid- 
ing additional or overlapping resistance, thus ensuring 
durability for resistance. 

Range o f  Infection on Lines With Stem Rust  Resistance 
Genes Against Indian Cultures o f  Stem Rust  Races 

Table 2 presents a series o f  host lines with known individ- 
ual resistance genes and the Indian cultures o f  stem rust 
races against which these were observed to be effective. 
Since 'Marquis' was found to be resistant to races 14, 
l17A and l17A-1, the resistance o f  isogenic lines with 
'Marquis' as genetic background could be due to the car- 
tier variety rather than the effect of  specific gene. Sr 24 
(3D/Ag), Sr 24 (TR 380-27 4/3 Ag 14), Sr 25 (7D/Ag), 
Sr 26 ('Eagle'), Sr 26 (6A/Ag translocation), and Sr 27 
(WRT 238-5) were observed completely resistant to all 
19 cultures used in the study. Lines carrying genes other 
than Sr 2, Sr 9a-Ra, Sr 9f  ('Chinese Spring') and Sr 15 
( 'Norka')  were effectively resistant to one or more races. 
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Table 3. Infection types produced on near isogenic/substitufion lines with 'Chinese Spring' background when tested with 12 Indian 

cultures of  stem rust races (Puccinia graminis tritici) 

Background variety/ Donor variety 
isogenic/substitution line 

Races 

15 17 21 21A-1 34 40 40A 42 42B 117 117A-1 122 

Chinese Spring (Sr 9f) - 4 4 4 4 4 4 4 4 4 4 4 4 
CS/Hope 3B (St 2) Hope 4 4 4 4 4 3 4 4 4 4 3 4 
I Sr 5-Ra Thatcher 4 0; 0; 1 0; -1 4 3 4 0; 0; -2 0; 0; 4 
1 St" 6-Ra Red Egyptian 0; -2  0: 3-4 3 3 3 4 3 3-4 3 0; -1 4 
CS]KF-4B (St 7a) Kenya Farmer 3 + 0; 3 3 4 3 4 3 3 0; 0; 4 
CS/Hope 4B (St 7b) Hope 3 4 4 3 3 3 4 3 4 3 3 4 
I Sr 7b-Ra Hope 3 4 4 3 3 4 4 3 3 3 3 4 
I Sr 8-Ra (W 3384) Red Egyptian 4 3 0; -2 3 4 3 4 4 3 3 3 3- 
I Sr 9-Ra Red Egyptian 3 4 4 3 3 3 4 4 4 4 4 4 
CS/RE-2B (St 9a) Red Egyptian 4 4 4 3 4 4 4 4 4 4 4 4 
CS[KF-2B (St 9b) Kenya Farmer 3 0 ; -2  + 3- 3 4 3 4 4 0 ; -2  0; 2 3- 3- 
CS/Tha-2B (St 9g) Thatcher 4 3 3 0; -2 3 4 4 3 3 4 3 3 
I Sr ll-Ra (W 3015) Timstein 0; 0; 0 ; -1  4 0; 1 0; 3 0; 3 4 4 4 
CS *5/Tha 3B (Sr 12 + Sr 16) Thatcher 3 0; 4 3 3 3 4 3 3 3 0; 4 
I Sr 16-Ra Thatcher 4 4 3 3 3 4 4 3 4 3 4 3 
CS*6/Hope 7B (St 17) Hope 0; 3 4 4 0; 2 4 4 4 4 3 4 4 
Sr 24 3D/Ag Agropyron elongatum 0; 0; 0; -1 0; 0; -1 0; -2 0; -1 0; 0; 0; -1 0; -2 0; -1 
Sr 24 (TR 380-27 4/3 Ag/14) Agropyron elongatum 0; 0; 0; 0; 0; -1 0; -1 0; -2 0; 0; 0; 0; 0; 
Sr 25 (7D/Ag) Agropyron elongatum 0; 0; --2 0; -1 0; 0; 0; -1 0; -1 0; 0; 0; 0; -2  0;-1 
Sr 27 (WRT 238-5) Imperial rye 0; 0 ; -2  0; 0; 2 0; 0; 1 0; 0; 0; 0; 0; 0; 
Sr Agi (TAF2d) Agtopyron 0; 0; 0; -1 0; 4 3 0; -2  0; -1 0; 3; 0; 0; -1 

IT 0;, 1, 2, 2 + resistance; IT 2-3, 3- low infection; IT 3, 3 +, 3-4, 4 susceptible 

Table 4. Infection type produced on near isogenic lines with 'Marquis' background when tested with 12 Indian stem rust races (Puccinia 
graminis tritici). 

Background variety/ Donor variety 
near isogenic line 

Races 

15 17 21 21A-1 34 40 40A 42 42B 117 117A-1 122 

Marquis - 4 4 4 4 4 4 4 4 4 4 0; - 2 § 4 
Sr 1-Mq Hope 3 3-4 4 4 4 4 4 3 4 4 0 ; - 2  4 
Sr 7a-Mq Kenya l17A 0 ; - 2 "  0; 3 4 4 3 4 3 0 ; - 2  § 0; 0; 2-3 
Sr 9a-Mq Red Egyptian 4 4 4 3 3 3 4 4 3 4 - 4 
Sr 9b-Mq Kenya l17A 3 0 ; - 2 "  0 ; - 2  § 3 4 3 3 3 0 ; - 2  0; 0 ; - 2 "  0 ; - 2  
Sr 10-Mq Egypt Na 95 3 4 4 4 4 3 4 0; - 2  + 3 4 - 4 
Sr 13-Mq Khapstein 0 ; - 2 *  3 3 3 3 3 3 3 4 4 0; 4 
Sr 14-Mq Khapstein 4 4 4 3 3 3 4 3 3 4 0; 4 
Sr 22-Mq T. monococcum 4 3 3 3 0; - 1  3 0 ; - 2  0; 0 ; - 2  2-3 0 ; - 2  3 

See Table 3 for explanation of  infection types 
- = Reactions not available 

Table 5. Infection types produced on near isogenic lines with W 2691 background when tested with 12 Indian stem rust races (Puccinia 
graminis tritici) 

Background variety/ Races 
near isogenic line 

15 17 21 21A-1 34 40 40A 42 42B 117 117A-1 122 

W 2691 3 4 4 4 4 3 4 3 4 4 4 4 
Line E 4 4 4 4 4 4 4 4 4 4 4 4 
L i n e F / N H L S r  10 3 4 4 4 4 3 4 0 ; - 2  § 3 4 4 4 
Bob's Sr 14 3 3 4 4 4 3 4 4 4 4 4 4 

See Table 3 for explanation of  infection types 
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Table 6. Infection types produced on varieties with known specific genes when tested with 12 Indian stem rust races (Puccinia grarninis tritici) 

Stocks Races 

15 17 21 21A-I 34 40 40A 42 42B 117 117A-1 122 

Vernstein(Sr9e) 3 0 ; - 2  0 ; - 1  0 ; - 1  0 ; - 1  4 4 0 ; - 1  0 ; - 2  4 4 0 ; - 2  
T h e w ( S r l 5 + S r l O )  0; 2 4 4 4 3 4 4 0 ; - 2  4 4 3 4 
Norka (St 15) 3 4 3 4 3 4 3- - 4 - 4 4 
R e n o w n ( S r l 7 + S r l + S r 2 + S r 7 b )  0; 4 4 4 0; 4 3 3 4 4 3 4 
Spica (Sr 17 + Sr 7b) 0: 4 4 4 0; 4 3 4 3 3" 0; -2* 3-4 
Einkorn (Sr 21) 4 4 0; 2 0 ; - 2  0; -1 0; 1 0 ; - 1  3 4 3 4 4 
Exchange (Sr 23) 4 3 4 4 4 4 4 3 0; 4 0; 4 
Eagle (St 26) 0; -1  0; -1  0; -1  0; -1  0; -1  0 ; - 2  0 ; - 1  0; 0; 0; - 2  0; 0; - 2  
Kota; (St 28) 4 3 4 4 3 4 3 0; 0; 0; 0; 0; 
Etiole de Choisy (,5~" 29 + Sr 23) 3 3 3 3 - 4 - 0; - 2  0; - 2  4 0; 4 
Webster (Sr 30) 0; 3 3 0; -2* 4 4 3 0; - 2  0; 0; 3 0; - 2  
Festiguay (Sr 30) 0; -1  3 3 0; -1  3 3 3 0; - 2  0; - 2  0; - 2  3 0; - 2  
CI 12632 (Sr T t l )  4 4 4 4 0; 4 0 ; - 2  0 ; - 2  + 0 ; - 2 *  0; 3 0 ; - 2 *  
Timvera (Sr Ttt ) 4 4 4 3 0; 3 0; 0; -1  0; - 2  0; 0; - 1  0; 
Combination III (Sr Ttt + Sr 9e) 0; - 2  0; -1  0; 0; 0; 3 0; 0; 0; 0; 0; 0; 
S r T t  I + S r 9 b  0 ; - 1  0 ; - 1  0; 0; 0; 0 ; - 1  0; 0; 0 ; - 1  0; 0; 0; 
L i n e W ( S r T t  2) 0 ; - 2  0 ; - 1  1-2 0; 0 ; - 2  § 4 0 ; - 1  0; 0; 0; 0; 1-2 
TAF2d (St Agi) 0; 0; 0; -1  0; 4 3 0; - 2  0; -1  0; 3 0; 0; -1  

See Tab le  3 for e x p l a n a t i o n  o f  i n f e c t i o n  types  

- = R e a c t i o n s  n o t  avai lable  

Table  7. C o m p a r i s o n  o f  i n f e c t i o n  t y p e s  on  g roup  of  l ines  w i t h  d i f f e ren t  b a c k g r o u n d s  ca r ry ing  a c o m m o n  gene  for  res i s tance  w h e n  

t e s t ed  w i t h  12 cu l tu res  o f  Ind ian  s t em rus t  races  (Puccinia graminis  tri t ici)  

Races 

15 17 21 21A-1 34 40 40A 42 42B 117 I17A-I 122 

I Sr 6-Ra 0; - 2  
McMurachy (St 6) 0; - 2  

Sr 7a-K l lTa/Mq 0; 2* 
Sr 7a-CS/KF 4B 3 § 

Sr 8-Ra (W 3384) 4 
Mentana (St 8) 3 

Sr 9b-CS/KF 2B 3 
Sr 9b-Mq 3 

Sr 10Mq 3 
Line F NHL (St 10) 3 

Sr l l -Ra  (W 3015) 0; 
Yalta (So" 11 + Yt I + Yt z) 0; 2 

Sr 14-Mq 4 
Bob's Sr 14 (W 2691) 3 

CS/Hope 7B (St 17) 0; 
Renown (Sr l 7 + Sr l + Sr 2 + Sr 7b) 0; 

Spica (Sr 17 +St 7b) 0; 

0; 3-4 3 3 3 4 3 3-4 3 0. -1  4 
0; 3 4 4 3- 4 4 0; 3 0; -1  3 

0; 3 4 4 3 4 3 0; - 2  + 0; 0; 2-3 
0; 3 3 4 3 4 3 3 0; 0; 4 

3 0; - 2  3 4 3 4 4 3 3 3 3- 
3 0; - 2  3 3 3 4 4 2-3 3 3 3- 

0 ; - 2  3- 3 4 3 4 4 0 ; - 2  0 ; - 2  3- 3- 
0 ; - 2  + 0 ; - 2  + 3 4 3 3 3 0 ; - 2  0; 0 ; - 2  + 0 ; - 2  + 

4 4 4 4 3 4 O; - 2 *  3 4 - 4 
4 4 4 4 3 4 O; -2+ 3 4 4 4 

0; 0; - I  4 0; -1  o; 3 o; 3 4 4 4 
0 ; - 2  0 ; - 1  4 0 ; - 1  0 ; - 1  4 0 ; - 1  3-4 4 4 4 

4 4 3 3 3 4 3 3 4 0; 4 
3 4 4 4 3 4 4 4 4 4 4 

4 4 4 O; - 2  4 4 4 4 3 4 4 
4 4 4 O; 4 3 3 4 4 3 4 

4 4 4 O; 4 3 4 3 3- O; -2+ 3-4 

r eac t ion  n o t  avai lable  
See Tab le  3 for  e x p l a n a t i o n  o f  i n f e c t i o n  types  

The range of  infection produced on various host lines 
with known individual genes for stem rust resistance 
available in 'Chinese Spring', 'Marquis', or W 2691 back- 
grounds and certain varieties used as source o f  resistance 
against 12 cultures of  stem rust sampled during the last 
10 years is presented in Table 3-6. Lines carrying Sr 2, 
Sr 7b, Sr 9a, Sr 9f, Sr 15, Sr 16, and Line E show 
susceptibility. Effectiveness of  Line Sr 14-Mq to race 
l17A-1 is probably again due to the resistance o f  'Mar- 
quis', its recurrent parent. Lines with other genes have 

conferred resistance to one or more races. The infection 
reaction on Sr Ttl  and Sr 9b when present singly or in 
combination reveals that only the combination gives resis- 
tance to races 15, 21A-l,  and 40 (the increased protection 
o f  genes when present together could be explained on the 
basis of  complementary or additive gene interaction). 
Combination III, a line carrying both Sr Ttl  and Sr 9e 
has also shown high degree o f  resistance to the 18 rust 
cultures except to race 40. 

It is also recognized that the expression of  a gene could 
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be dependent  on its genetic background either due to 
additive effect or modifiers. For  studying this phenomenon,  
single gene host lines in different backgrounds and/or  
cultivars were carefully analysed as their  reaction against 

12 races (Table 7). Comparing reactions produced on Sr 
6-Ra in 'Chinese Spring' background and cv. 
'McMurachy'  (St 6) shows that  the Indian culture of  42B 
is avirulent on 'McMurachy'  to which Sr 6-Ra is ineffect- 
ive. Likewise, cv. 'Mentana'  (St 8) shows low infection to 
a number o f  Indian cultures particularly 42B to which Sr 
8-Ra, with a 'Chinese Spring' background, is ineffective. 
These results indicate the possibility of  both  'McMurachy' 
and 'Mentana'  carrying addit ional factor(s) effective to 
Indian cultures o f  stem rust. However, identical infection 
types on Sr 11-Ra and cv. 'Yal ta '  (Sr 11 + Sr Y t l  + Sr Yt2) 
would suggest that two additional genes for resistance in 
'Yalta '  are not  matched by  Indian cultures of  stem rust. 
Sr 6 is temperature sensitive and completely ineffective at 
24~ (Watson 1977) while 'McMurachy' has proved more 
temperature stable (Mclntosh, R.A., personal communica- 
tion). Cultivars 'McMurachy' and 'Yalta '  are used in Au- 
stralia as supplementary differentials since the genes Sr 6 
and Sr 8 are bet ter  recognised when present in cultivars 
'McMurachy'  and 'Yalta ' ,  respectively. Near isogenic line 
carrying Sr 17 and cvs. 'Renown'  and 'Spica' ,  bo th  carry- 
ing Sr 17, have an identical infection pattern except that  
'Spica'  gives low infection against race 117 and its biotype 
l17A-1,  indicating the possibility of  'Spica '  carrying 
additional factor(s) resistant to Indian culture of  race 117 
and its b io type.  

Sr 7a, with a 'Marquis' background,  has a wider resis- 
tance, including that against Indian cultures o f  races 15, 
42B and 122 in comparison to Sr 7a with a 'Chinese 
Spring' background. On the other hand a comparison of 
infection range on Sr 9b-Mq and CS/KF-2B (Sr 9b, 'Chi- 
nese Spring' background) is fairly close except that  Sr 
9b-Mq has a slightly lower infection for a few races. An 
additional resistance in Sr 7a-Mq is probably due to inter- 
action with modifiers in the genetic make-up. The differ- 
ence in resistance against b io type 117A-1 in Sr 14-Mq and 
Bob's Sr 14 in W 2691 background is possibly again due 
to 'Marquis' i tself being resistant. 

The information reported here should be of  immense 
use in the planned introduct ion of  diversity for resistance 
genes and the development of  multigene cultivars to 
provide greater diversity and consequently bet ter  durabil- 
i ty o f  resistance for varieties of  the future. 

tions and the staff of I.A.R.I., Regional Station (Plant Pathology), 
Simla for the supply of initial inoculum of races used in the 
study. 
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