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Wheat is the staple food and main source of calories in
Indian diet and has been under cultivation in the Indian
subcontinent since Harrapan civilization. It is a cosmopolitan
grain consumed by nearly 2.5 billion people in more than 90
countries and provides ~20% of the total calories in the human
diet (Anonymous, 2020). The ever-increasing population,
rapid urbanization, reduction in cultivable area, increased
domestic consumption, demands well-planned efforts to face
the future challenges of food security of India. Worldwide
wheat production is threatened by various biotic and abiotic
stresses. Among wheat diseases, three rusts (yellow, brown and
black) are major threats due to the rapid appearance of new
races (pathotypes) of rust pathogens with additional virulence
for the major and widely deployed resistance genes. Yellow
(stripe) rust which occurs in comparatively cooler areas can
cause yield losses often ranging from 10 to 70% on susceptible
varieties (Chen, 2005), whereas, brown (leaf) rust which is
most widely occurring in wheat-growing areas can cause yield
losses up to 50 per cent (Bhardwaj et al., 2016). Black (stem)
rust although mostly occurs at maturity stage can cause yield
losses up to 100 per cent in case of an early start of disease in

warmer areas (Prasad et al., 2016).

There are two prevalent ways to control wheat rusts:
chemical control and genetic resistance. Wheat rust
management using in-built host resistance is preferred
keeping in view of economic and environmental concerns

faced by farmers of this major cereal crop (Kumar et al.,

2021). Further, continued use of fungicides often results in
the development of resistance in rust pathogens to fungicides
(Oliver, 2014). The rust diseases have been brought under
control primarily by growing resistant varieties. Based
on the knowledge of definite host pathogen-interaction,
resistance breeding in wheat has become very precise
and focused (Bhardwaj, 2013). Although, a large number
of resistance genes against three wheat rust diseases have
been identified in wheat germplasm (McIntosh et al., 2017;
Mclntosh ¢t al., 2020), a majority have been defeated by
various new and highly virulent pathotypes (Anonymous,
2021). The rapid appearance of new races of rust pathogens
with virulence for the many widely deployed rust resistance
genes in wheat has led to increased focus on diversification
and pyramiding resistance genes in wheat. Recently, the
appearance of new highly virulent pathotypes of Puccinia
strigformis tritici (Psf) such as 110S119 and 2385119 (Gangwar
et al., 2019) and their subsequent spread in entire Northern
India has threatened the wheat production and income
security of Indian farmers. Most of the rust resistance genes
in present day wheat cultivars do not condition resistance
when present singly (Khan ez al., 2017; Kaur et al., 2016).
An adequate level of genetic resistance to all the current
rust pathotypes is a major breeding objective in our wheat
breeding programmes. Seedling resistance or ‘all stage
resistance’ (ASR), is typically expressed at all growth stages,
conferred by a single ‘major effect’ gene often associated

with a hypersensitive response and is often race specific
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(Riaz et al., 2016). Therefore, the present study was carried
out to identify all stage resistance (ASR) against three rust

diseases in advanced bread wheat lines.

A total of 320 advanced bread wheat lines including some
CIMMYT selections were subjected to seedling resistance
test (SRT) under controlled environmental conditions
(glasshouse) against most prevalent and virulent pathotypes
of P. stritformis tritici (Psi) (yellow rust), P. triticina (Ptr) (brown
rust) and P, graminis tritici (Pet) (black rust) at ICAR-ITWBR,
Regional Station, Flowerdale, Shimla, India. Rust susceptible
checks such as Agra Local, A-9-30-1, LWH and five check
varieties (HD3086, DBW 187, DBW90, WH1142 and
DBW303) were also used along with test genotypes in each
evaluation. The advanced wheat lines were developed using
resistant donors which are widely effective and under-utilized
through concerted efforts of breeders and pathologists at
ICAR-ITWBR, Karnal and its Regional Station, Shimla, India.

Three Pst pathotypes 110S119, 238S119 and 475103 (T)
separately; a mixture of five P, triticina pathotypes viz, 77-1,
77-5,77:9,12-5 and 104-2, and a mixture of five Pgtpathotypes
viz,11, 40A, 21A-2, 117-6 and 122 were used in the SRT
study during October-December, 2020. These pathotypes
are being maintained at the ICAR-IIWBR, Regional Station
Flowerdale, Shimla. Seedlings were grown in aluminum
trays which are sufficient enough to accommodate 18 test
lines along with a susceptible check. These trays were filled
with a mixture of fine loam and farmyard manure (3:1) and
maintained in a rust-free greenhouse at 20 °C. Inoculations
were performed on one-week old seedlings using uredospores
suspended in a light weight, non-phytotoxic mineral oil
(Saltrol) using an atomizer. Inoculated seedlings were put
in dew chambers with humidity > 80%, and incubated in
the dark for 48 hours at 10-12 °C; 18-20 °C; and 20-22 °C

for yellow, brown and black rusts, respectively. Thereafter,
seedlings were moved to the temperature-controlled
glasshouse at 15-20 °C, 20-22 °C and 22-25 °C for yellow,
brown and black rusts, respectively, following incubation.
Rust scoring was done 14-16 days after inoculation using
0 to 4 scale (Stakman ez al., 1962). Scores less than 2 were
categorized as resistant (R), 2 as moderately resistant (MR),
2+ to 3 as moderately susceptible (MS) and 3*and above
as susceptible. An individual line was categorized broadly
resistant when it showed resistant reaction against all the rust

pathotypes used in the present study.

Analysis of host pathogen-interaction revealed that
experimental wheat material in SRT was subjected to
sufficient level of disease pressure as evident by 3* score
on all the susceptible checks in each set of inoculations.
Based upon host-pathogen interaction using multiple
rust pathotypes, the wheat lines were characterized for
usefulness in the breeding pipeline. Table 1 shows the
number of resistant lines to one or the other rust diseases
and the percentage of total genotypes. Out of 320 lines,
265 were resistant to one or more rust diseases. Among the
remaining 55 genotypes, none was completely susceptible
to all the pathotypes. Among the resistant material, 31
genotypes including some sister lines were completely
resistant to all the 13 pathotypes of three rust pathogens
(Table 1 & 2). The maximum number of resistant lines
were scored against black rust (80 lines). A proportionately
higher number (99 lines) were resistant to both brown and
black rust diseases. Seventeen lines were resistant against
both yellow and black rusts, whereas, seven lines were
resistant against both yellow and brown rusts. Only nine
genotypes were resistant against yellow rust, whereas 22

genotypes were resistant to brown rust.

Table 1: Number and proportion of genotypes showing resistance to one or more rust disease.

Resistance to Number of genotypes Percentage
Yellow rust only 9 2.81
Brown rust only 22 6.87
Black rust only 80 25.0
Yellow and brown rust 7 2.19
Yellow and black rust 17 5.31
Brown and black rust 99 30.94
Yellow, brown and black rust 31 9.69
Partial resistance/moderate susceptibility to one or more pathotype 55 17.19
Total 320 100

Details of pedigree information and rust scores of 31

genotypes which were found resistant against all the
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three rust diseases are provided in Table 2. Important

major rust-resistant genes such as Y770, Yr15, Yr24,
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Lr24/8r24, Lr42, Sr22, $r26, and Sr37 and minor of the parental genotypes and are likely inherited in
pleiotropic gene Lr34/85r55/Yr18 were carried by some  the resistant progenies.

Table 2: Pedigree information and SRT scores of wheat genotypes with complete resistance against all
the three rust diseases

Genotype Pedigree* Pst Ptr Pgt
110S119 2385119 T Mix Mix
RWP1001  PBW703 (Yr70+Yr75)/DBW95 0; 0; 0; 5 2-
RWP1003  HSB2949(Y775+Yr24)/PBW 703 (Yr10+Yr15) 0; 0; 0; 0; 2=
RWPI1165 HD2967/PBW698 (Yr10+Yr15) 05 0; 0; ¥ 2
RWP1166 HD2967/PBW698 (Yr70+Yr15) 0; 3 0; 3 0;
RWP1178  RAJ3765/DPW621-50 0; 0; 0; ;- 3
RWP1186  PBW703 (Yr70+Yr15)/RV50 (RAt13) 0; 0; 0; ;1 0;
RWP1187  PBW703 (Yr70+Yr75)/DBW95 0; 0, 0; ;1 2=
RWPI1191  PBW698 (Yr70+Yr15)/HD3070 0; 0; 0; - 2=
RWP1197  HSB2949 (Yr15+Yr24)/PBW703 (Yr10+Yr1) 0, 0, 0; = 05
RWPI216  19-20 EPC402 (Sr26) ; ; 0; 1,2% 2=
RWP1306  52nd IBWSN 1004 - - 0; 1 9-
RWPI1308  52nd IBWSN 1033 5 5 05 1 5
RWPI1358 14 STEMRRSN 6018 (Sr22) 3 0; 0; 5 0;
RWPI1375  HD2967*2/PBW703 (Yr10+Yr15) 05 0; 0; 5 2-
RWPI1385 HD2967*2/PBW703 (Yr710+Yr15) 0; 0; 0; = 2=
RWPI386 HD2967*2/PBW703 (Yr70+Yr15) 05 0; 0; - 3
RWPI1387 HD2967*2/PBW703 (Yr10+Yr15) 0; 0; 0; 3 ;
RWP1388 HD3086/PBW703 (Yr70+Yr15) 0; 0; 0; 5 >
RWPI1389 HD3086/PBW703 (Yr10+Y7r15) 0; 0; 0; ; 2-
RWP1393 DBWI112/PBW703 (Yr10+Yr75) 0; 05 0; 5 5
RWPI396 DPW621-50/PBW698 (Yr10+Yr15) 0; 0; 0; ¥ 2-
RWP1397 DPWG621-50/PBW698 (Yr70+Yr15) 0; - 0; 3 2=
RWP1405 HD2967/PBW698 (Yr10+Yr15) 05 5 2 - 1,2
RWP1406 HD2967/PBW703 (Yr10+Yr15) 0; 05 05 5 2=
RWP1408 HD2967/PBW703 (Yr10+Y7r15) 05 0; 0; 5 2
RWP1419 DBWI14/NIAW34//ELLISON i ; 0; ; ;
RWP1420 RAJ37645/DPW621-50 2 32 0; ; 05
RWP1425 DBW39/FLW26 (Lr42+Yr27) 05 0; 0; 3 5
RWP1426 DBW39/FLW26 (Lr42+Yr27) 0; 0, 0; 3 R
RWP1429  HSB-4 (Yr75)/HI1563 (Lr24/Sr24) 0; 0; 0; ;1 0;
RWP1443 DBWI112/PBW703 (Yr10+Yr75) 0; 0, 0, = 2=
Susceptible checks
Agra Local 3* 3* 3* 3 3t
LWH 3+ 3+ 3+ 3+ 3+
A9-30-1 3* 3* 3* 3* 3*
Check var.
HD3086 33* 0; 0; 2,3 2"
DBW187 3* 3* 3" 31 2*
DBW90 3* 33* 3* 3* 3*
WH1142 3* 3 0; 3* ;1,2
DBW303 3t 3* 05 2,3 2-

*Resistance gene mentioned in the pedigree were reported in the donor parents.
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When resistance against three rusts were analyzed singly
or in combination, the number of completely resistant
lines were 99 (30.9%), 159 (49.7%) and 227 (70.93%) for
yellow, brown and black rust, respectively. The most of
the genotypes mentioned in Table 2 carry some known
widely effective Yrgeneslike Y770, Yr15, Yr24 singly or in
combination. In addition to yellow rust resistance, these
lines are resistant to prominent pathotypes of brown and
black rusts. Resistance in these lines is likely imparted
by a combination of partial resistance genes and some
unknown widely effective rust resistance gene/(s) in the
background. There is consensus that all types of resistance
including partial must be utilized in the development
of a breeding strategy to produce cultivars with stable
rust resistance (Dyck and Kerber, 1985). These lines
are the outcome of selection in segregation generations
for yield traits, field-level resistance encompassing adult
plant resistance (APR) and ASR. The resistance against
yellow rust pathotypes was found in comparatively
less number of lines. The resistance proportion against
yellow rust is significantly lower (30.9 %) in seedling
or ASR as compared to APR where all the 320 were
selected for the resistance (score 20MS or less) against
yellow rust at Karnal field in the previous generation. It
is evident that occurrence of APR is more widespread
and the field resistance at adult plant stage is due to both
ASR and APR genes. All the 320 genotypes are under
further evaluation and selection during rabi season 2020-
21 for the agro-morphological traits, adaptability under
different sowing conditions, yield and component traits,
field resistance to three rusts and other major biotic and
abiotic stresses. Due to spread of new and highly virulent
races of Pstparticularly, 2385119 (44.1% of Pstsamples) in
the large geographical areas of Northern India (Prasad et
al., 2020) and Nepal (Gangwar et al., 2021), the number
of yellow rust resistant wheat cultivars and materials in
breeding lines are expected to decrease. We anticipate
that some of the material scored as resistant in 2019-20
may be rendered susceptible to one or the other rust
diseases, particularly new pathotypes of yellow rust
pathogen. The findings of this experiment suggest that a
breeding strategy with screening segregating lines under
artificial rust epiphytotic conditions in the breeding field
and SRT of advance generation lines for selecting wheat
genotypes with resistance against multiple rust pathogen

is effective. APR genes individually provide low levels
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of resistance and combinations of three or more genes
are essential to express commercially adequate levels of
resistance (Bariana et al., 2017). Marker aided selection in
the early generations (F, and F,) for rust resistance genes
viz., Yr10, Yr15, Lr24/Sr24 was carried out to confirm
their presence in some of the progenitors of the lines
listed in Table 2. The life of effective race-specific ASR
genes can be prolonged by using gene combinations as
an alternative approach that is being implemented at
CIMMYT, to deploy varieties that possess APR based
on combinations of minor slow rusting genes (Singh et
al., 2014; Rana et al., 2021). Since new pathotypes of rust
pathogens are evolving and continuously overcoming
the resistance in many popular cultivars, development of
new cultivars with durable resistance is need of the hour.
Wheat breeders need to focus on accumulating resistance
QTLs with additive effect, particularly in combinations
with qualitative resistance genes with broad-spectrum

resistance.
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