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GENETIC RESOURCES FOR DISEASE RESISTANCE IN
WILD DIPLOID TRITICUM AND AEGILOPS SPECIES

S.M. Tomar and M Kochumadhavan

Division of Genetics,
Indian Agricultural Research Institute,
New Delhi 110 012

One hundred and twenty accessions of wild diploid species of Triticum and
Aegilops were screened for resistance to stem rust (Puccinia graminis tritici),
leaf rust (Puccinia recondita), stripe rust (P. striiformis) and powdery mildew
(Erysiphe graminis tritici) under natural and artificial epiphytotic conditions in adult
plant stage at Wellington and New Delhi. Twelve accessions belonging to T.
monococcum and Ae. squarrosa were tested for resistance to karnal bunt
(Neovossia indica). Einkon wheats, T. boeoticum, T. monococcum and T. sinskajae
exhibited spectacular resistance to leaf rust and powdery mildew. Many accessions
of Ae. speltoides showed resistance to stem rust also. Resistance to all the
rusts and powdery mildew was observed among species such as Ae. comosa,
Ae. markgrafi, Ae. uniaristata, Ae. mutica and Ae. umbellulata. Twelve diverse
wheat stocks carrying specific genes derived from diploid wild species were also
evalvated for rusts. The study revealed that the genes, LS, Lr28, Lr32 and
Lr36 conferred a high level of resistance to leaf rust while Sr32 conditioned
adult plant resistance to stem rust.

Key Words : Triticum, Aegilops, wild species, adult plant, stem, leaf & stripe
rusts, specific genes.

The improvement of any crop lies in exploring and exploiting the rich
gene pools available in plant's wild relatives. In India, wheat is attacked by
several diseases, but rusts (Puccinia spp.), powdery mildew and karnal bunt
arc some of the important diseases of concern. Since the resistance in cultivars
breaks down in a short span due to the evolution of new races in the pathogen,
the need for additional sources of resistance against diseases arises to counter
them. In the search of additional variation the progenitors of hexaploid wheat
and other diploid Triticum and Aegilops species are becoming increasingly
important. In the present study, evaluation of wild wheats was carried out
to identify new and diverse genetic resources against rusts, powdery mildew
and karnal bunt. A number of specific genes for rust resistance that have
been transferred from diploid wheats are available in common wheat back-
ground. These genes conferring resistance to different rusts were also evaluated
for rust resistance against Indian rust races flora and powdery mildew collected
from the Nilgiris.
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MATERIALS AND METHODS

The collection of wild diploid wheats available at the Indian Agricultural
Research Institute, New Delhi was partly received from USDA and IPSR
Cambridge, UK. The diploid wheats included the immediate progenitors of
common wheat (Triticum aestivum L., 2n = 6x = 42, genome AABBDD), the
species belonging to sitopsis group and other genomes such as U, M, C, T
and Un. These species were evaluated for rusts and powdery mildew in adult
plant stage at Wellington (South India), a’hot spot’ for foliar diseases of wheat
under natural epiphytotic conditions over a period of six seasons. The material
was also screened under artificial epiphytotic conditions at Delhi for three
scasons. All the accessions grown in pots were artificially inoculated with
most virulent races, 40-1, 117-1 of stem rust (Puccinia graminis Pers f. sp. tritici
Eriks & Henn.) and 77-1 77A, 77-2 and 104 B of leaf rust (P. striiformis West.)
and powdery mildew (Erysiphe graminis tritici M. Marchal) was also recorded
at Wellington. Rust reactions were recorded by combining the severity (percent
infection) and response (type of infection) at adult plant stage while powdery
mildew was scored on 0 to 4 scale. A few accessions belonging to A and D
genomes were artificially inoculated in boot with Delhi isolate of karnal bunt
(Neovossia indica (Mitra) Mundkar) using hypodermic syringe (Ajula et. al.,
1982). The infection percentage among inoculated ear heads was calculated.
The infected grains were also graded according to severity of karnal bunt
infection on 04 scale. The data is not presented in the table because the
species tested exhibited more or less similar infection type and pattern, but
results are discussed in the text.

RESULTS AND DISCUSSION

Results are presented in Tables 1 and 2. Among the progenitors of the
common wheat (T. aestivum), einkorn wheats, T. boeoticum ssp. aegilopoides
exhibited spectacular resistance to leaf rust, stripe rust and powdery mildew
at adult plant stage, while spp. thoudar was resistant to all the three rusts
and powdery mildew. The accessions of T. monococcum also exhibited resistance
to lecaf rust, but resistance to stripe rust was of moderate magnitude. The
accessions G1872, G2508, Pl427446, P1427447 amd PI427481 of T. boeticum and
SWAN 181 of T. monococcum were also resistant to stem rust. The strains of
T. urartu in general were recorded susceptible to stem rust and stripe rust
and moderately susceptible to leaf rust. However, the accession TMUO1 showed
immunity to stem rust while G2035 and G3249 exhibited low reaction to stripe
rust. Cultivated einkorn wheat T. sinskajae was found to carry resistance genes
for all the three rusts and powdery midew. This species is morphologically
similar to T. monococcum but free threshing. The accessions of T. boeoticum
have been shown a high level of resistance in other geographical areas also
(Zohary et al., 1969; Gill et. al., 1983).
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Three specific genes conferring resistance to stem rust, namely, Sr 21
(McIntosh unpublished), Sr 22 (Kerber and Dyck, 1973) and Sr 35 (McIntosh
et. al., 1984) have been transferred from T. monococcum to common wheat.
However the genes, Sr 21 and Sr 22 were found ineffective to stem rust at
adult plant stage (Table 2). Overall the einkorn wheats offer an excellent
source of genes for resistance to leaf rust and stripe tust. Most of the accessions
belonging to A genome except G2035 and G3249 of T. Urartu and G1483 of
T. monococcum have shown resistance to powdery mildew fungus occurring
in the Nilgiris. Only six accessions viz., SWAN 181 and G1481 of T. monococcum
TMUOT and G1953 of T. urartu and G2398 and PI427481 of T. boeoticum were
inoculated with karnal bunt. All these accessions showed 0 to 5 per cent
infection indicating that einkorn wheats are highly resistant to karnal bunt.
A large number of accessions are to be tested to draw a more meaningful
conclusions.

Table 2. Adult plant response of specific genes against stem rust, leaf rust
and stripe rust

Stocks Gene(s) Range of reaction to Powdery
present mildew
stemrust  leafrust stripe rust
Transfer L9 - 605-90S 0 305-40S 3
CS/Add. A6U7813-2 Lr9 50-S70S 0 30S-50S 3
RL5406 / Thatcher*6 Lr21 Sr 33 20MS-30MS 20MR-30MS 60S-70S 4
RL5404/Thatcher*6 Lr22a 80S-90S 20MR-40MS  5MR-10MR 4
CS2A/2M 3/8 Lr28 805-90S 0 5MS-10MS 1
R1.5497-1 Lr32 50S-70S 0 60S-70S 3
C78.10/Condor Lr 36 405-60S 10R-20MR 205-40S 3
Einkorn-T.monococcum  Sr21 30S-50S 10MS-30MS  TS-5S 1
A;Iarquis/Stewart/ Sr22 30S-40S 10MS-30MS  40S-60S 3
T. monococcum
W3531 Sr32 10MR-20MR TMS-5MS 105-30S 2
W3725 Sr32 10MR-20MR TS-55 10S-20S 2
Compair Sr34Yr8 70 S-90S 10MS-30X 10S5-15S

Hexaploid derivative ~ S135* - - - -
*Seed not available: - not tested

Among the sitopsis group, Ae. speltoides showed a high level of resistance
to stem rust, leaf rust and powdery mildew. Only a few strains exhibited
resistance to stripe rust. The accessions of Ae. bicornis and Ae. sharonesis were
found resistant to stem rust and powdery mildew except the accession EC162412
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of Ae. bicornis which showed resistance to stripe rust also. An accession of
Ae. aucheri, similar to Ae. speltoides showed immunity to all the three rusts
under heavy natural infection. In general, the species belonging to sitopsis
group possess genes for resistance to stem rust and leaf rust, but resistance
to stripe rust is inadequate. The accessions of Ae. searsii were found highly
susceptible to stripe rust only. Most of the accessions belonging to S genome
showed resistance to powdery mildew fungus prevailing in the Nilgiris. These
species were not tested for karnal bunt resistance. The gene Lr28 is highly
effective against the Indian leaf rust races while Sr32 and Lr36 conferred
moderate degree of resistance to stem rust and leaf rust respectively (Table
2). The major gene pool represented by the sitopsis section remains largely
untapped for disease resistance. These results of screening of the genes
alongwith the unidentified resistance indicated that the specific resistance (s)
are very effective against Indian rust race flora. Dhaliwal et. al., (1986) evaluated
a large collection of wild wheats and identified many accessions to have genes
for resistance to different diseases. A high frequency of resistance to powdery
mildew and leaf rust occured among the Aegilops species (Gill et. al., 1985).

Most of the Ae. squarrosa accessions tested at Wellington or at Delhi
showed susceptibility to stem rust, but a few accessions have exhibited high
level of resistance to leaf rust and only two accessions were found resistant
to stripe rust. Kihara et. al. (1965) in a study concluded that Ae. squarrosa
possess numerous forms with resistance to both stem and leaf rusts occuring
in Japan. Kerber and Dyck (1978) determined a high frequency (44%) of forms
resistant to leaf rust than to stem rust in a study of 85 accessions of Ae.
squarrosa. The variant strangulata used by them for leaf rust resistance was
found free to leaf rust and stripe rust races prevailing in the Nilgiris. Only
three accessions of Ae. squarrosa var. strangulata: EC 164800, EC 331775 and
EC162403 possess high to moderate degree of resistance to powdery mildew
fungus. Eight accessions were inoculated with the Delhi isolate of karnal bunt
disease and they were found to carry a high degree of resistance. Resistance
to karnal bunt has earlier been identified among wild wheats and Aegilops
species (Dhaliwal et. al.,, 1986; Warham et. al., 1986). Multani et. al. (1988)
screencd synthetic amphiploids involving susceptible T. durum with T.
monococcum, T. boeoticum and Ae. squarrosa. In their study all the synthetic
amphiploids except one were free from Karnal bunt disease indicating that
wild progenitors of common wheat, T. monococcum, T. boeoticurn and Ae.
squarrosa carry genes for karnal bunt resistant and the resistance is expressed
in the presence of T. durum compliment.

Only three accessions of Ae. umbellulata were tested for rusts and powdery
mildew. All the three strains were found to carry resistance genes for leaf
rust, stripe rust and powdery mildew. However, these accessions were observed
to be susceptible to stem rust.
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All the seven accessions of Ae. comosa showed adult plant resistance to
stem rust while two of them were found susceptible to leaf rust. Low infection
of stripe rust was recorded on: Ae. comosa G and EC162406. Although both
the genes, S5r34 and Yr8 deriving resistance from Ae. comosa are ineffective,
the Tesistance available among otber accessions may be very useful, if utilized.

Four accessions of Ae. markgrafii (syn. Ae. caudata L.) were screened at
adult plant stage against four races of leaf rust and two races of stem rust
for two seasons at Delhi only. Except the accession PI542197, all were found
to possess resistance to stem rust and leaf rust. Only two accessions of Ae.
mutica (syn. T. tripsacoides Jaub. & Spach.) showed a high degree of resistance
to stem rust and leaf rust in adult plant stage at Delhi. The only accession
of Ae. unigristata tested, was observed susceptible to leaf rust, but possess a
high degree of adult plant resistance to stem rust, stripe rust and powdery
mildew.

Overall, the study revealed that the wild diploid wheats possess multiple
resistance to diseases. Most of the specics except Ae. squarrosa are potentially
useful and may prove to be an excellent and diverse source of discase
resistance. Interspecific and intergeneric hybridization in the triticeae
(Muzecb-Kazi, 1993) could be attempted for improvement of wheat and to
enhance bio-diversity for searching new genetic recombinations. Work on the
transfer of disease resistance and other desirable attributes from wild species
into common wheat is under progress.
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