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Eighty five wheat lines were evaluated for resistance to karnal bunt by artificial field inoculation during
the season 2015-2016 in three sowing dates. The range of infection for the first date was 0-37.9%, 057.7% for the second, and 0-50.5% for the third. Categories of the avg. of infection of the three dates
were as follows: seven lines were in the 0.1-2.5% infection category, 13 within 2.6-5.0%, 19 within 5.110.0%, 45 within 10.1-30%, and one line showed more than 30% infection. The line with the lowest
percentage of infection was NELOKI/4/MARCHOUCH*4/SAADA/3/2*FRET2/KUKUNA//FRET2/5/PBW343
*2/KUKUNA*2//FRTL/PIFED with 0.60%.
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INTRODUCTION
Karnal bunt caused by the fungus Tilletia indica Mitra [syn.
Neovossia indica (Mitra) Mundkur] occurs in nature in
bread wheat (Triticum aestivum; Mitra 1931), durum wheat
(T. turgidum), and triticale (X Triticosecale; Agarwal et al.,
1977). Infected grains generally are partially affected
(Mitra, 1935; Bedi et al., 1949; Chona et al., 1961). This
disease was first reported in India (Mitra, 1931), then, in
Mexico (Duran, 1972), Pakistan (Munjal, 1975), Nepal
(Singh et al., 1989), Brasil (Da Luz et al., 1993), the United
States (APHIS, 1996), South Africa (Crous et al., 2001),
and Afghanistan (CIMMYT, 2011). Control of Tilletia indica
is difficult since teliospores are resistant to physical and
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chemical factors (Krishna and Singh, 1982; Zhang et al.,
1984; Smilanick et al., 1985, 1988). Chemical control can
be accomplished by applying fungicides during flowering
(Fuentes-Dávila et al., 2005, 2016; Salazar-Huerta et al.,
1997); however, this measure is not feasible when
quarantines do not allow tolerance levels for seed
production (SARH, 1987). The use of resistant wheat
cultivars is the best control method for this disease, and it
also would reduce the possibilities of its introduction into
karnal bunt-free areas. Since the 1940’s several species of
Triticum have been evaluated for resistance to karnal bunt
(Bedi et al., 1949; Singh et al., 1986; 1988a, 1988b). Bread
wheat is the species most affected by the disease; under
artificial inoculation some lines may show more than 50%
infected grain (Fuentes-Dávila et al., 1992; 1993);
therefore, it is important to keep evaluating the new
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advanced lines and wheat cultivars. The objective of this work was to evaluate the reaction of elite bread wheat lines for
resistance to Tilletia indica under artificial inoculation in the field.
Experimental Procedures
Eighty five elite bread wheat lines were evaluated for resistance to karnal bunt (Tilletia indica) during the crop season fallautum 2015-2016 at the Norman E. Borlaug Experimental Station which belongs to the Mexican National Institute for
Livestock, Agriculture and Forestry Research (INIFAP). The station is located in block 910 in the Yaqui Valley, Sonora,
Mexico at 27º22´3.01” N and 109º55´40.22” W. Sowing dates were November 12, 19, and 26, 2015, using 8 g of seed for a
row 0.7 m long on a bed with two rows in a clay soil with pH 7.8. For the agronomic management, INIFAP´s technical
recommendations were followed (Figueroa-López et al., 2011). For the inoculations, inoculum was prepared by isolating
teliospores from infected grains, followed by centrifugation in a 0.5% sodium hypochlorite solution and plating on 2% wateragar Petri plates. After teliospore germination, fungal colonies were transferred and multiplied on potato-dextrose-agar.
Inoculations were carried out by injecting 1 mL of an allantoid sporidial suspension (10,000/mL) during the boot stage in five
heads from each line. High relative humidity in the experimental area was provided by an automatic mist spray-irrigation
system five times a day for 20 min each time. To avoid bird damage, an anti-bird net system was installed in the area used
for evaluation of the wheat lines. Harvest was done manually, and the counting of healthy and infected grains was done
visually to determine the percentage of infection. Evaluated lines originated from the collaborative project between the
Global Wheat Program of the International Maize and Wheat Improvement Center (CIMMYT) and INIFAP.
RESULTS
The range of the percentage of infection of the advanced lines in the first date was 0-37.9%, with an average of 10.2; 057.7% for the second, with an average of 12.2; and 0-50.5% for the third, with an average of 11.9. The percentage of
infection of lines in each date and the average infection of the three dates are shown in Figure 1. Three lines did not show
infected grain in the first date (FRANCOLIN#1/3/PBW343*2/KUKUNA*2//YANAC/4/KINGBIRD#1//INQALAB91*2/
TUKURU, SUP152*2/3/TRCH/SRTU//KACHU, and
BAVIS/8/BOW/VEE/5/ND/VG9144//KAL/BB/3/YACO/4/CHIL/6/
CASKOR/3/CROC_1/AE.SQUARROSA(224)//OPATA/7/PASTOR//MILAN/KAUZ/3/BAV92), 21 lines presented a resistant
reaction (0.1-5.0% infection) (Fuentes-Dávila and Rajaram, 1994), and the line FRET2/KUKUNA//FRET2/3/TNMU/5/
FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/6/ATTILA*2/PBW65//TNMU/7/FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//
KAUZ/5/TNMU/6/FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ presented a susceptible reaction with 37.9% infection.
In the second date BECARD#1*2/3/PBW343*2/KUKUNA//PBW343*2/KUKUNA did not show any infected grain, 17 lines
presented a resistant reaction (0.1-5.0% infection), and lines SUP152/7/TUKURU//BAV92/RAYON/6/NG8201/KAUZ/4/
SHA7//PRL/VEE#6/3/FASAN/5/MILAN/KAUZ,PBW343*2/KUKUNA//SRTU/3/PBW343*2/KHVAKI/4/WBLL1/KUKUNA//TAC
UPETOF2001, and WHEAR/SOKOLL/3/TRCH/SRTU//KACHU showed a susceptible reaction; the last line with 57.7%
infection. In the third date, four lines did not show any infected grains (SAUAL/MUTUS*2//PICAFLOR#1, BECARD#1*2/3/
PBW343*2/KUKUNA//PBW343*2/KUKUNA, NELOKI/4/MARCHOUCH*4/SAADA/3/2*FRET2/KUKUNA//FRET2/5/PBW343
*2/KUKUNA*2//FRTL/PIFED, and WAXWING/KIRITATI/6/PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YR/4/TRAP#
1/7/SERI.1B//KAUZ/HEVO/3/AMAD*2/4/KIRITATI/8/ATTILA*2/PBW65*2/4/BOW/NKT//CBRD/3/CBRD), 15 lines showed a
resistant reaction (0.1-5.0% infection), and lines C80.1/3*BATAVIA//2*WBLL1/3/PBW343*2/KUKUNA*2/8/SHA7//PRL/VEE
#6/3/FASAN/4/HAAS8446/2*FASAN/5/CBRD/KAUZ/6/MILAN/AMSEL/7/FRET2*2/KUKUNA,TRCH/SRTU//KACHU/3/
WAXWING/PARUS//WAXWING/KIRITATI/4/TRCH/SRTU//KACHU,
WBLL1/KUKUNA//TACUPETOF2001/3/UP2338*2/
VIVITSI/4/HUW234+LR34/PRINIA*2//KIRITATI and WHEAR/SOKOLL/3/TRCH/SRTU//KACHU showed a susceptible
reaction; the last one with 50.5% infection. Lines that showed the lowest average percentages of infection of the three dates
were: NELOKI/4/MARCHOUCH*4/SAADA/3/2*FRET2/KUKUNA//FRET2/5/PBW343*2/KUKUNA*2//FRTL/PIFD with 0.60%,
BAVIS/8/BOW/VEE/5/ND/VG9144//KAL/BB/3/YACO/4/CHIL/6/CASKOR/3/CROC_1/AE.SQUARROSA(224)//OPATA/7/PA
STOR//MILAN/KAUZ/3/BAV92 with 0.61%, BECARD#1*2/3/PBW343*2/KUKUNA//PBW343*2/KUKUNA with 1.27%,
SUP152*2/3/TRCH/SRTU//KACHU with 1.62%, WHEAR/KUKUNA/3/C80.1/3*BATAVIA//2*WBLL1*2/8/NG8201/KAUZ/4/
SHA7//PRL/VEE#6/3/FASAN/5/MILAN/KAUZ/6/ACHYUTA/7/PBW343*2/KUKUNA with 2.18%, MUNAL#1*2//SOKOLL/
WBLL1 with 2.23%, and SAUAL/MUTUS*2//PICAFLOR#1 with 2.39%. Lines with the highest average percentage of
infection of the three dates were: WBLL1/KUKUNA//TACUPETOF2001/3/UP2338*2/VIVITSI/4/HUW234+LR34/
PRINIA*2//KIRITATI with 28.56% and WHEAR/SOKOLL/3/TRCH/SRTU//KACHU with 39.31%.
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Figure 1. Infection (%) of 85 bread wheat elite lines artificially inoculated with Tilletia indica in the field in three sowing dates, during the crop season 20152016, at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico.
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Figure 2. Infection categories for 85 bread wheat elite lines artificially inoculated with Tilletia indica in the field in three sowing dates, during the crop
season 2015-2016, at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico. The percentage of infection of the susceptible
check is the average of the three highest percentages of infection recorded in this evaluation.

The distribution of lines within the average infection
categories was as follows: seven lines within the 0.1-2.5%,
13 within 2.6-5.0%, 19 within 5.1-10.0%, 45 within 10.130%, and one line with more than 30% infection (Figure.
2). The average of the three highest percentages of
infection of the susceptible check was 100%.
In northwest Mexico, bread wheat and durum wheat
cultivars are released for commercial cultivation based on

their resistance/tolerance to leaf, stripe rust and karnal
bunt, as well as their performance in grain yield and
quality. This region is important for the country, since out of
almost 600,000 ha of wheat grown (SIAP, 2017a), 69.8% is
produced in the region (SIAP, 2017b). Given the
predominant susceptibility of bread wheats to karnal bunt,
it is necessary that progenies of more interest as well as
advanced lines from the collaborative project between
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CIMMYT and INIFAP are evaluated each year, so that new
commercial cultivars with tolerance/resistance (FuentesDávila et al., 2014) to this disease and to the rusts can be
generated, that comply with the expectations of the
industry.
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