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Determination of BTH-induced wheat resistance to Puccinia striiformis

HAN Qing-Mei, LIU Wei, WEI Guo-Rong, HUANG Li-Li, KANG Zhen-Sheng

(State Key Laboratory of Crop Stress Biology in Arid Areas; College of Plant Protection,
Northwest A&F University, Yangling 712100, China)

Abstract  Stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst), is one of the most damaging wheat plant diseases across the
globe. Exploration of resistant cultivars is one of the most economic and preferred control methods of stripe rust diseases. Wheat
resistance to stripe rust fungi could easily be lost due to rapid virulent variations in Ps¢ races. Benzothiadiazole (BTH), a novel and
powerful elicitor, could induce systemic acquired resistance (SAR) in plants. So far no report has focused on BTH-induced wheat
resistance to stripe rust fungi at maturity growth stage. Hence in this study, wheat cultivars of “Huixianhong” seedlings and “97148”
mature plants were pre-treated with BTH and inoculated with Pst race CYR23. Disease index and control efficiencies evaluations
indicated improvements in wheat resistance to Pst and induction of SAR by BTH. In “Huixianhong” wheat seedlings, resistance to
Pst significantly increased and stripe rust disease index reduced by 29.69~49.77. Meanwhile stripe rust disease control efficiency in
“Huixianhong” wheat seedlings after BTH treatment reached 90%. Optimum concentration and time interval of BTH pre-treatment
tests also showed that 0.3 mmol-L™ of BTH concentration and 6~7 days intervals between BTH treatment and Pst inoculation were
the best. Furthermore, BTH-induced wheat resistance to Pst was noted to last at least 15 days after Pst inoculation. Mature “97148”
wheat cultivar sprayed with different concentrations (0.1~1.0 mmol-L™") of BTH showed nominal fluctuations in disease index, but
with much stronger wheat resistance to Pst. Meanwhile grain yield of 0.3 mmol-L™ BTH-treated plants reached 675.32 kg-667m ™2,
which was 19.3% higher than the control. The results also indicated that BTH sprayed at different wheat growth stages (e.g., tillering,
pre-jointing and tillering/pre-jointing) had no influence on the efficiency of BTH-induced wheat resistance to Pst. Compared to the
control, however, BTH treatment impacted disease index of Pst and grain yield of wheat at each different growth stage. Due to

stronger seedling assays, BTH-induced wheat resistance to Ps¢ in mature plants lasted at least 60 days. In conclusion therefore, the
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study demonstrated that BTH induced wheat resistance to stripe rust fungi at both seedling and maturity stages. This finding was
significant in controlling stripe rust disease of wheat and other field crops.

Key words Wheat, Puccinia striiformis, Benzothiadiazole, Induced resistance, Growth stage, Disease index, Control effect
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Table 1 Effects of different concentrations BTH on stripe rust resistance of “Huixianhong” wheat seedling

BTH
Concentration of BTH (mmol-L™") Type of reaction Percentage of disease (%) Average severity (%) Disease index  Control effect (%)
0 (CK) 3-4 78.85a 68.60a 54.09a —
0.1 2-3 59.19b 41.22b 24.40b 54.89
0.2 1-2 52.54¢ 14.52d 7.63¢ 85.90
0.3 1-2 31.72¢ 13.62d 4.32c 92.01
0.4 1-2 34.07de 14.13d 4.81c 91.10
0.6 2-3 39.88d 16.28d 6.49¢ 88.00
1.2 2-3 48.33¢c 21.02¢ 10.16¢ 81.22

(P<0. 05) Values followed by different letters are significantly different at 0.05 level. The same below.
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Table 2  Effects of different interval time between BTH induction and challenge inoculation of P. striiformis in stripe rust resistance
of “Huixianhong” wheat seedling

Type of reaction Percentage of disease (%) Average severity (%) Disease index Control effect (%)
Interval time
(d CK BTH BTH BTH CK BTH BTH
BTH treatment BTH treatment BTH treatment BTH treatment BTH treatment

2 3-4 3 76.23 38.69 83.15 29.69 63.39 11.49 81.88

3 3-4 2-3 83.30 38.88 62.35 29.65 51.94 11.53 77.80

4 3-4 2-3 83.00 32.67 60.51 16.45 50.22 5.37 89.30

5 3-4 1-2 79.48 35.42 62.83 12.08 49.94 4.28 91.43

6 3-4 1-2 81.08 30.73 65.28 11.68 52.93 3.59 93.22

7 3-4 1-2 78.23 29.85 75.19 12.63 58.82 3.77 93.59

10 3-4 2 96.33 37.93 84.15 21.11 81.06 8.01 90.12

15 3-4 1-2 89.00 31.80 63.46 15.25 56.48 4.85 91.41
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Table 3  Effects of different BTH concentrations on disease index, 1000-grain weight and grain yield of different leaf position of
“97148” wheat

Disease index

BTH 5 6 May6" 5 12 MayI2® 5 18 Mayl8" 5 24 May24"
BTH . L Yield-
; 1000-grain ~ Grain yield . .
concentration weight (2) (kg:667m™) increasing
(mmol-L™") Arrow  Top first ~ Arrow  Top first Arrow Top first Arrow Top first gntis £ rate (%)
leaf leaf leaf leaf leaf leaf leaf leaf
0 (CK) 1.193a 1.987a 4.481a 4.417a 21.461a 16.933a 57.452a 40.641a 40.09b 565.89b —
0.1 0.591ab 0.685ab 1.909b 1.556b 11.042b 10.437b 41.295b 24.400b 41.69a 662.16a 17.0
0.3 0.109b 0.254b 0.926b 0.930b 12.659b 9.418b 46.159ab  23.932b 42.21a 675.32a 19.3
0.5 0.105b 0.187b 0.925b 0.907b 10.502b 8.189b 45.408ab  21.780b 41.93a 639.07a 12.9
0.7 0.018b 0.057b 0.556b 0.958b 9.963b 9.651b 37.845b 20.617b 42.12a 653.40a 15.5
1.0 0.026b 0.046b 0.414b 0.828b 9.338b 9.298b 43.554ab 27.263b 41.75a 672.25a 18.8
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Table 4 Effects of BTH treatment at different growth stages on disease index of different leaf, 1000-grain weight and
grain yield of wheat “97148”

Disease index

5 6 May6™ 5 12 MaylI2"™ 5 18 May18" 5 24 May24" )
1000-grain ~ Grain yield Yield-
Treated time C(;?trol wei h% © (kg6 6;]m’2) increasing
Arrow  Top first ~ Arrow  Top first ~ Arrow  Top first ~ Arrow  Top first ¢ o/e ct gntie & rate (%)
leaf leaf leaf leaf leaf leaf leaf leaf %)
Control 2.238a 2.396a 3.803a  3.074a 26.06a 17.75a 60.867a  50.402a — 39.97b 555.50b —
Tillering  0.002b 0.018b 0.447b  0.500b 5.808b  4.024b 42.205b 28.693b 43.07 41.33a 630.18ab 13.4
X 0.028ab  0.057b 0.915b  0.773ab 7.985b  5.88b 39.066b  26.497b 47.43 42.08a 649.03a 16.8
Former elongation
+
Tillering and ~ 0.009  0.013b  0.218b  0.402b 4205b 4.54b  38.832b 25.195b  50.01 41.73a 649.46a 16.9
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