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Table 1 Effects of B.subtilis and T.harzianum on the processing and appearance quality of rice %

&) A hb ¥R FERAR AR TR RaSpus TR

Year Variety Treatment  Brown rice rate Milled rice rate  Head milled rice rate Chalkiness rate Chalkiness degree
2022 FEHRE9108 CK 84.0+1.1a 73.4%1.2a 69.6+0.6a 9.0+0.1a 7.240.2a
BS 83.8+0.1a 74.3+£0.7a 69.8+1.9a 8.9+0.0b 7.0+0.1a
TH 84.3+1.2a 75.1£0.6a 71.4+0.5a 8.3+0.1c 6.4+0.2b
WERG 5 5 CK 83.7+0.7a 73.1+0.7a 69.9+0.4a 9.0+0.1a 7.1%0.1a
BS 84.4+0.7a 72.8+0.8a 69.1+1.3a 8.3+0.0b 6.9+0.3a
TH 83.9+0.3a 73.4+0.2a 70.1+0.8a 8.2+0.2b 6.0+0.2b
2023 FERE9108 CK 83.5+1.3a 74.3+0.4b 69.6+0.8b 9.2+0.1a 7.120.0a
BS 84.8+0.5a 75.1+0.5a 70.0+0.8ab 8.7+0.1b 6.5+0.3b
TH 84.9+0.7a 75.9+0.3a 71.0+£0.4a 8.5+0.1c 6.3£0.1b
HERG S 5 CK 84.4+0.9a 73.9+0.4a 70.2+0.3a 8.6+0.1a 6.7+0.3a
BS 83.8+0.3a 72.5+1.2a 69.3+1.2a 8.0+0.0b 6.1+0.3b
TH 85.0+1.1a 73.3£0.3a 69.9+0.1a 7.6+0.1c 5.9+0.2b

(7] — e et ) 21 B I AN [R) /NS PR R ORAE P < 0.05 K L EREE, TIH.

Different lowercase letters after the same variety and column data indicate significant difference at P < 0.05 level, the same below.
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Fig.2 Effects of B.subtilis and T.harzianum
on gel consistency of rice
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Table 2 Effect of B.subtilis and T.harzianuml on flavor characteristics of rice
o A Ab P A i FhpE P E ARE

Year Variety Treatment Appearance Hardness Viscosity Balance degree Taste value

2022 FE1E 9108 CK 6.02+0.03¢ 6.95+0.24a 6.10£0.10c 6.09+0.18b 67.20+1.05b

BS 6.76+0.13a 6.54+0.07b 6.59+0.04b 6.21+0.12b 63.00+2.33¢

TH 6.43+0.08b 6.66+0.09ab 7.46+0.13a 6.64+0.07a 70.70+1.87a

HERE s 5 CK 5.25+0.10c 7.63+0.11a 5.17+0.09a 5.18+0.04b 60.90+1.24b

BS 5.88+0.05a 7.37+0.02b 5.28+0.07a 5.47+0.08a 54.904+3.36¢

TH 5.62+0.17b 7.53+0.08a 5.31+0.10a 5.29+0.12b 64.30+1.88a
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%:3% 2 Table 2 (continued)

Gy A i A T RRE T 1 IRAE
Year Variety Treatment Appearance Hardness Viscosity Balance degree Taste value
2023 FAHE 9108 CK 5.71£0.04b 7.13£0.07a 4.67+0.24b 4.97+0.17¢ 62.10+3.21ab
BS 6.29+0.21a 6.94+0.11b 5.38+0.06a 5.26:0.05b 61.10+0.38b
TH 6.49+0.09a 6.62+0.18c¢ 5.63+0.24a 5.60£0.17a 63.10+1.03a
HERE S5 5 CK 4.47£0.19b 7.60+0.13a 4.66+0.13b 4.41£0.18¢ 59.10+1.29ab
BS 5.63+0.05a 7.360.13a 5.33+0.04a 5.04+0.09b 58.30+0.71b
TH 5.77+0.02a 7.12£0.06b 5.43+0.06a 5.41£0.07a 60.90+1.73a
AR R BT WRAEL, T TH LB AR i 7 . o T
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Fig.3 Effects of B.subtilis and T.harzianum
on protein content of rice
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Table 3  Effects of B.subtilis and T.harzianum on RV A eigenvalues of rice flour

e g wm EIENE O RREN MR AR R R

Year  Variety Treatment eak viscosity = Hot viscosity =~ Breakdown Final viscosity Setback Peak‘tlme Pasting )
(cP) (cP) value (cP) (cP) value (cP) (min) temperature (°C)

2022 FHE 9108 CK 2166.0£32.2b  1655.0420.1c  510.0+11.1c  2099.0+73.0b  —62.0+11.0a  6.5+0.2ab 74.9+0.3a

BS 2433.0£34.0a  1760.0+25.7a 724.0+17.6a 2268.0+22.3a —134.0£12.0c  6.4+0.1b 74.2+0.3a

TH 2397.0+27.1a  1708.0£15.3b 690.0+10.5b  2290.0+31.7a —110.0+9.0b 6.6+0.2a 74.4+0.6a

RS 5 CK 2209.0+£53.0c  1979.0+57.1c  234.0+10.5b  2715.0+52.7c  588.0+30.5a  6.9+0.1a 74.6+0.6a

BS 2299.0+23.5b  2048.0£12.5b 256.0+10.0a 2829.0+14.1b  529.0+20.0b  6.8+0.1a 73.6+0.6a

TH 2376.0£25.7a  2118.0+52.3a 261.0+11.0a 2876.0+27.0a  497.0+7.5¢ 6.9+0.1a 74.5+0.4a

2023 FHE 9108 CK 2185.0£80.8b  1531.0433.7¢c  651.0+32.5b  2110.0+£76.9b  —73.0+10.5a  6.6+0.0a 75.5+0.6a

BS 2460.0+27.9a  1649.0£22.2b 810.0+8.5a  2236.0+40.6a —216.0£34.6b  6.3£0.1b 75.3+0.1a

TH 2486.0+71.6a  1698.0+18.8a 829.0+22.0a 2258.0+64.6a —222.0£19.0b  6.6+0.1a 75.6+1.3a

WS 5 CK 2308.0£54.2b  1859.0+18.0c  444.0+12.6b 2620.0+80.5a  312.0+29.5a  6.8+0.1b 73.8+0.3b

BS 2372.0+£58.5ab  1899.0+£12.6b 469.0+11.9ab 2629.0+106.0a 260.0+10.5b  7.0+0.2ab 75.4+1.2a
TH 2419.0+27.6a  1951.0422.5a 473.0+£5.8a  2662.0+35.7a  241.0£6.0c 7.0+0.1a 74.7+0.4ab
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The Effects of Bacillus subtilis and Trichoderma
harzianum on Rice Grain Quality

Wang Jinling, Pan Yue, Li Siyu, Shen Xinya, Liu Lijun

(Jiangsu Key Laboratory of Crop Genetics and Physiology, Yangzhou University/ Jiangsu Co-

Innovation Center for Modern Crop Production, Yangzhou University, Yangzhou 225009, Jiangsu, China)
Abstract Microbial agents are a novel type of fertilizer that can promote the growth and development of plant
roots, and they have an important impact on improving nutrient absorption and yield formation in crops.
However, their effects on rice grain quality remain unclear. This study used two conventional japonica rice
varieties, Nanjing 9108 and Huaidao 5, as experimental materials to investigate the effects of two microbial
agents of Bacillus subtilis (BS) and Trichoderma harzianum (TH) on rice grain quality under field cultivation
conditions. The results showed that compared with the treatment without microbial agent (CK), the application of
the BS and TH had no significant effect on the processing quality of rice. However, the BS treatment reduced the
chalkiness rate by 5.5%-5.7% in Nanjing 9108 and 6.3%-7.2% in Huaidao 5, with a slightly decrease in
chalkiness degree. The TH treatment significantly reduced the chalkiness rate by 7.7%-12.0% in Nanjing 9108
and 9.3%-11.1% in Huaidao 5, while the chalkiness degree decreased significantly by 10.3%-10.6% and
12.4%-12.5%, respectively. In a two-year experiment, the BS treatment decreased the taste value of two varieties
to varying degrees, while the TH treatment increased it, reaching a significant level in 2022. Additionally, after
microbial agent application, the amylose content of the rice decreased, while gel consistency and protein content
increased. The peak viscosity and breakdown value of rice flour increased, whereas the setback value decreased.
In conclusion, the application of B. subtilis and T. harzianum microbial agents contributed to improving the
appearance and nutritional quality of rice. Furthermore, 7. harzianum also enhanced the taste value of rice.

Key words Rice; Microbial agents; Rice grain quality; RVA profile; Protein content
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