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Increasing genetic yield and mitigating effects of key biotic
and abiotic constraints to wheat production in India through
international wheat resources and partnerships
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ABSTRACT

The surplus wheat production in India and the world in the 1990s have eroded in recent years due to stagnating
productivity and increasing demands. Production must increase at least 2% annually until 2020 to meet future
demands. Breeding wheat cultivars that have increased grain yield potential, enhanced water-use efficiency, heat
tolerance, end-use quality, and durable resistance to important diseases and pest could contribute to meet about

 half of future demand. The remaining half must come through better agronomic and soil management practices and
International partnerships allow the most efficient use of genetic diversity present in improved
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and genetic resources necessary to continue making genetic progress especially for resistance
and biotic stresses. Breeding and testing schemes that would accelerate the recovery of rare
should be explored and applied. The “International Wheat Improvement Network” operated
ership with many wheat improvement programs develops, distributes and tests improved
ly. New triple rust resistant wheat germplasm from CIMMYT has shown 15% higher yield
popular cultivar in the Northwestern and Northeastern Plain Zones of India, indicating that
could enhance productivity and mitigate threats from new races of rust pathogens.

pat, biotic and abiotic contraints, international partnership like ITAS

SHUTTLE BREEDING AND
INTERNATIONAL TESTING

One of the first things Dr. Norman E. Borlaug
realized when he initiated breeding in Mexico in the 1940s
was the long time required to breed new cultivars if he
continued with one generation per year. This prompted him
growing two crop seasons per year at two sites in Mexico,
Ciudad Obregon (28°N latitude, 39 masl altitude) and
Toluca (18°N latitude, 2600 masl altitude) that have very
distinct photoperiods, temperatures and rainfalls during
the crop seasons as well as distinct diseases. This “Shuttle
Breeding” not only reduced the breeding-cycle time by
half but also allowed development of widely adapted
wheat germplasm. A recent simulation study comparing
shuttle breeding with full selection in the field with other
rapid generation advancement through doubled haploids
or single-seed-descent has shown that the expected genetic
gains annually is much higher with the shuttle breeding
(J. Wang, unpublished).

Shuttle breeding continues to be a very powerful tool to
select for traits with simple or complex inheritance at relatively
low cost. CIMMYT has extended shuttle breeding between
Mexico and Kenya to enable selection of complex durable,
adult plant resistance to Ug9 race of stem rust pathogen that
threatens wheat production globally. This strategy is probably
the best option at present to enhance heat tolerance in wheat
materials adapted to northwestern India.

International multi-location testing is another tool
that not only allows distribution of relevant germplasm
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to partners in diverse environments but also determines
their expected long-term performance in a single year of
testing. It also allows exposing materials to a range of biotic
and biotic constraints. The best performers, i.e. those with
wide adaptation (Fig.1), are probably the best cultivars with
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Fig. 1. Performance of bread wheat genotype ‘“Weebill_1’ and
Local Checks, regressed over trial mean at 62 international
sites in 23rd ESWYT (Elite Spring Wheat Yield Trial)
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genotypes with higher yield potential as shown in Fig. 2. The
reason why single backcross shifts the progeny mean loward
the higher side of the curve is that it favors retaining most of
the desired additive genes from the backcross or recurrent
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Fig. 2. Grain yield potential, expressed as %cage of check cultivar
“Kambara’, of 4088 advanced lines derived from traditional
(simple and three-way crosses) versus 728 lines derived from

single-backcross breeding approach at Ciudad Obregon, Sonora
State, Mexico during 2004-2005 crop season.

parent while simultaneously allowing the incorporation
and selection of additional useful small-effect genes from
the donor parent. As shown in Fig. 2, the shift in mean
results in higher frequency of new breeding lines that have
superior yield potential than the check cultivar. Repeated
backcrossing is not desirable as it was devised Lo incorporate
a single, or few, major gene(s) with least disturbance to the
genetic make-up of the recurrent parent.

Following the study by Singh et al (1998b), which
showed that selection schemes had little or no effect on the
performance of progeny lines, but the choice of parents
determined the progeny response, a selected bulk-breeding
scheme was introduced in bread wheat improvement since
the mid-1990s. In all segregating generations until F5 or
F6, one spike from each of the selected plants is harvested
as bulk and a sample of seed is used in growing the next
generation. Individual plants or spikes are harvested in the
F5 or F6 generation. This scheme allows retaining a larger
sample of selected plants without increasing the cost and
was found to be highly efficient in terms of operational costs.
Moreover, retaining a large sample of plants in segregating
populations increases the probability of identifying rare
segregates that carry most desired genes. Cost saving in

segregating generations allows yield testing of a larger
number of advanced lines.

TESTING OF BREEDING MATERIALS UNDER
OPTIMAL AND SUBOPTIMAL IRRIGATION
CONDITIONS TO IDENTIFY FLEXIBLE
GENOTYPES

As water resources are becoming limited for
agricultural use either due to unavailability or increasing
cost of energy and labour, it is extremely important that

~ new wheat materials have genetic ability to give superior

s compared to the currently grown cultivars in a range
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of environments. Identification of recent wheat materials
such as Weebill _1 (Fig. 1) with superior performance under
a range of water regimes has made it possible to continue
making progress selecting such flexible cultivars, Until about
2002, yield evaluations in Mexico of materials targeted for
irrigated environments were conducted with five or six
supplementary irrigations however such trials are now done
with three or four supplementary irrigations. In addition
best performing entries from the first year yield trials are
also tested under one supplementary irrigation environment
during the second year. These evaluations have revealed
that only about a third of the advanced wheat lines maintain
yield potential relative to the checks under reduced irrigation
scenario. These lines are used extensively to make new cross
than those that fail to maintain yield potential under limited
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Synthetic wheats, derived by crossing Triticum
turgidum with Aegilops tauschii followed by embryo
rescue and chromosome doubling, are being used widely
in CIMMYT wheat improvement program to enhance
and introduce new genes especially for stress tolerance.
First generation synthetic derived wheats usually lacked
some key traits to become cultivar. However, the 2nd and
now the 3rd generation derivatives have started to show
promise. Two wheat cultivars with synthetic wheats as
parents are now released in China and Spain. An important
trait derived from synthetic wheat is the better root
characteristic that is probably associated with enhanced
drought tolerance of synthetic wheat derivalives (Singh
and Trethowan 2007).

SIMULTANEOUS SELECTION FOR GRAIN
YIELD POTENTIAL AND LARGE KERNELS

Various studies have shown that increases in yield
potential are mainly associated with increased biomass
(Singh et al. 1998b, Sayre et al. 1997). Yield components,
such as grain size and number or harvest index in more recent
germplasm, have made relatively little or no contribution
in explaining the increases in yield potential. This would
mean that selection for increased yield potential and higher
kernel weight can proceed simultaneously. Several of the
recent wheat germplasm developed at CIMMYT show
simultaneous increases in grain yield potential and kernel
weight. It is now common to find high yielding lines with
kernel weight of over 50 g/1000 kernels in the northwestern
Mexico compared with about 40 g for PBW343 and most
other wheat germplasm developed during the 1980s and
1990s. It is now a routine practice at CIMMYT (o sieve
grains of the selected bulk populations to retain plump
grains, 40 mg or higher in weight

DURABLE RESISTANCE TO THREE RUSTS

Improper use of race-specific resistance genes
often leads to the “Boom-and-bust” phenomenon, where
soon after a cultivar occupies significant area and its
resistance is overcome by a new virulent race of the rust
pathogen. Cultivar replacement is usually possible only
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Fig. 3. Concept of durable resistance to leaf and yellow rusts
in wheat: effect on number of slow rusting resistance genes in

reducing disease progress
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after a devastating epidemic. A major progress made in
spring wheal imp.r(wemenl at CIMMYT has bgen the
elucidation of the genetic basis of durable resistance
to leaf and yellow rusts and the development of high
yielding wheat germplasm that carries near-immune level
of resistance. As shown in Fig. 3, slow rusting genes that
individually have small to intermediate effects but when
combined act in additive manner. Combining 4 to 5 such
genes result in negligible, or near-immune, disease levels
at maturity. Well characterized slow rusting genes Lr34/
Yr18/Pm38and Lr46/Yr29/Pm39 have turned out to have
pleiotropic genetic effects. Several genomic locations are
now known indicating that high genetic diversity exists
for such resistance genes (Singh ef al. 2004). A large
portion of new CIMMYT germplasm now has adequate
to high levels of durable resistance and their release in
the future is expected to reduce threat of epidemics of
leaf and yellow rusts.

Emergence and continued spread of Ug89 race
of stem rust pathogen, Puccinia graminis tritici, has
been recognized as a major threat to destabilize wheat
production in many countries in its migration path
because most current cultivars are susceptible (Singh
et al. 2006). This precarious situalion has led to an
international response in identifving, developing and
replacing current susceptible cultivars with those resistant.
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Recent breeding and rigorous testing of existing whegat
materials at Njoro, Kenya has identified resistant whegyy
materials. Race-specific resistance genes 8122, §725 ang
S$r26 are the most promising resistance genes that give
effective resistance to Ug99 and its new variant that has
added virulence to resistance gene 5724. Some additiona|
undesignated resistance genes such as SrTmp, Sr1A.IR,
SrND643, SrSha7, SrSynt, etc. also contribute effective
levels of resistance and are present in improved whegt
materials. However, these genes are not expected tg
last long in areas expected to have high incidence ang
survival of stem rust if they are not used in combinations.
Molecular markers available for some of the above genes
can aid generating the combinations.

CIMMYT strategy once again is to rebuild the “§r2.
complex” known to confer durable adult plant resistance to
stem rust in high yielding wheats rather than depending on
race-specific resistance genes. Semidwarf wheat genotypes,
Pavon 76, Kiritati and Kingbird, were found to carry high
levels of adull plant resistance in three years of testing in Kenya.
Frequency of stem rust resistant wheat materials, including
those with adult plant resistance, in CIMMYT international
nurseries is increasing (Table 1). New wheat lines, including
some with resistance to stem rust, were evaluated at seven
sites in the Northwestern India for grain yield potential during
the 2006-2007 crop season. Mean grain yield performance of

Table 1 Stem rust resistance of entries included in 29*ESWYT and 41*IBWSN, and entries being
multiplied for probable inclusion in 30"ESWYT and 42“IBWSN.

29"ESWYT & 41 IBWSN Mult. 30*ESWYT & 42“TBWSN

Resistance category Number % Number %
Adult-plant:
R (5-10% severity) 0 0.0 9 24
R-MR (15-20% severity) 13 6.8 38 10.3
MR (30% severity) 37 19.5 64 174
MR-MS (40% severity) 14 74 72 19.6
MS (50-60% severity) 65 4.2 83 22.6
S (70-100% severity) 44 232 59 16.0
Race-specific: ‘
Sr25 1 0.5 26 7.1
Srimp 10 5.3 6 1‘6
SrSynt 3 1.6 2 0. 5
SrSha7 1 0.5 0 0.0
SIND643 0 0.0 3 0.8
SrlUnknown 2 1.1 6 ;
Total 190 368 4

Table 2 Mean grain yield performance for 10 best
seven sites in Northwestern India during 2006-200
yield results: R. Chatrath, DWR, Karnal)

performing entries included in the 2EBWYT grown at
7 crop season and their stem rust resistance (Source for

Entry
No. Cross Name
521 Waxwing™2/Kiritati
519 Babax/Lr42//Babax*2/3/Vivitsi
516 Pfau/Scr:.IBNAmadina/S/Waxwing
514 OasisfSkauz/M-"Bac:mura/3/2"Pastor

Mean grain yield

Stem rust
Kg/ha Rank Y% Check category'
5222 1 117 MR (APR]
5208 2 117 MR-MS (SrTm)
5074 3 114 MR-MS (APR)
5056 4 113 R-MR (8r25)

EE—



[Vol. 1(1&2) : 2007]

Journal of Wheat Research 17
513 B[2054!ISW39—5124‘2/Fasan/3f1"ilhi 5020 5
515 Kiritati/Weebill_1 :mg; .‘] . .
44 e 08! ) 112 S
: e T 4960 7 111 3
51 uma./Chto/El/Pfau/Bow//Vee#QM/ 4953 8 111 R MR (?)
507 Wl'lxmng"WTukuru 4952 9 111 MS '-
504 Milan/S87230//Babax 4930 10 L0 5 .
501 Check = PBW502 (6 sites), PBW343 (1 site) 4472 27 100 .M"i
LSD, P=0.05 410.1 -
Cy (%) 111
‘Stem rust categories are APR = Adult Plant Resistance,

entries with 10% or higher yields over the checks PEW502 or
PBW343 are given in Table 2. The top four performers with
13-17% higher yields are lines that have adequate resistance to

ENHANCING YIELD POTENTIAL OF EARLY
MATURING WHEATS TO ESCAPE POST-
FLOWERING HEAT STRESS

Ug99 race of stem rust. The top performing entry Waxwing*2/

Early maturity is an important trait to avoid excessive
heat at grain filling. As shown in Fig. 4a the Northeastern
Gangetic Plains, Central and Peninsular zones in India are
classified as current heat stressed environment and this
region is predicted to expand to Northwestern Gangetic
Plains covering most of it by 2050 (Fig. 4b). All currently
grown popular cultivars in heat stressed areas are earlier

maturing than cultivars popular in the Northwestern Gangetic
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o maturing lines and checks across research station of BHU, Varanasi and
07 crop season (Source for yield reults: A.K. Joshi, BHU, Varanasi).

Mean yield Stem rust
kg/ha %HUW234  category'
3510 100
3490 99
4080 116 MS
3980 113 R-MR (APR)
3940 112 MS
3910 111 MS
3890 111 MR
3840 109 MS
3810 109 M5
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. . .,
PfauSeri. 1 B//Amadina/3/Waxwing 3810 :2: ;
Weaver/Transec//Weaver/3/Weaver/4/Parula/2*Pastor 3730 m; .
Kiritati/Weebill 1 - I R‘i?l:) o Se;eﬁw} S

' = ‘ ‘MR = Resistant-Moderately Resistant (15-2U7 s

"Stem rusi categories are APH = Adult Plant Resistance, R-MR = Resistal e S

MR = Moderately resistant (30% final severity), MS = Moderately Susceplible (50-60% final severity) . an

(70-100% final severity).

Plains. A simultaneous improvement of heat tolerance and
vield potential of earlier maturing germplasm is the only
option to increase production in heat stresses environment.
Yield performance of ten new early maturing, high yielding
CIMMYT lines in Northeastern Gangetic Plains during
2006-2007 season (Table 3) shows that our simple breeding
strategy has resulted in the identification of new wheat
lines that show 10-15% higher yields over the popular
cultivars. Two of these higher yielding entries, Kiritati//
HUW234+ LR34/ Prinia and Waxwing*2/Vivitsi, are also
resistant to Ug99 race of stem rust pathogen. To achieve
further progress, a shuttle breeding between Mexico and heat
stressed sites in India must initiate as soon as possible.

IMPROVING END-USE QUALITY
CHARACTERISTICS

Increasing demands from industries, supermarkets
and consumers for better quality of bread, chapatti and
other products as well as higher prices for grain produced
from wheat varieties that possess desired end-use quality
characteristics has required breeding program at CIMMYT
to place increased emphasis to combine quality with high
yield potential. Parents of the crosses and advanced lines are
routinely classified for their end use quality characteristics.
At present about a quarter of the high yielding wheat
materials distributed through international nurseries also
carries excellent to adequate leavened bread and chapatti
quality. It is possible to make simultaneous progress for bath
high yield and quality by carefully choosing the parents that
carry right combinations of high and low molecular weight
glutenins and gliadins.

CONCLUSION

Genetic progress towards increasing yield potential
together with accumulating diverse genes for other important
traits is evident in new international spring wheat germplasm
relevant to enhancing productivity and mitigating the threat
of rust diseases. This has been possible through strang
global collaborations and partnerships. Sharing of wheat
germplasm and new partnerships with shared responsibilities
will be necessary in the future to continue making further
and faster progress.
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