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Effects of waterlogging at jointing stage on starch particle size distribution and
pasting properties of soft wheat

CHEN Juan, YANG Ting-Ting, YAN Su-Hui, YONG Yu-Dong, ZHANG Shi-Ya, and LI Wen—Yang*

College of Agronomy, Anhui Science and Technology University, Fengyang 233100, Anhui, China

Abstract: The objective of this study is to clarify the effect of waterlogging at jointing stage on starch particle size distribution
and pasting properties in soft wheat. Under field conditions, from 2021 to 2023, the soft wheat varieties Huachengmai 1688
and Quanmai 725 were selected as the test materials, and two treatments of control (CK) and waterlogging (WL) were con-
ducted. The waterlogging treatment was carried out for 10 consecutive days at jointing stage of wheat to study the effect of
waterlogging at jointing stage on the starch particle size distribution and viscosity parameters of soft wheat and their relation-
ship. The results showed that, compared with the control, waterlogging stress at jointing stage reduced wheat yield by reducing
spike number, grain number per spike, and 1000-grain weight. The wet gluten content and protein content of grains were sig-
nificantly reduced, and the starch content was significantly increased. Waterlogging stress at jointing stage inhibited the pro-
duction and growth of B-type starch in wheat endosperm, and significantly reduced the volume, surface area, and the num-
ber percentage of B-type starch granules, mainly affecting 2.8-10.0 pm starch granules. The volume and surface area per-
centage of A-type starch granules increased significantly, mainly affecting 10.0-22.0 um starch granules. Waterlogging
stress had no significant effect on the percentage of A-type starch granules. After waterlogging stress, the peak viscosity,
trough viscosity, final viscosity, breakdown, and setback of wheat increased significantly. In conclusion, waterlogging stress
at jointing stage changed the starch particle size distribution of wheat. By reducing the proportion of B-type starch granules,
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increasing the proportion of A-type starch granules and the viscosity parameters such as peak viscosity were increased, and

finally the yield and quality of wheat were affected.

Keywords: wheat; starch granules; granule size distribution of starch; pasting properties; waterlogging
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Table 1 Effects of waterlogging on yield and its components in wheat
Year Treatment Cultivar Spike (x10* hm?) Kernels per spike  1000-grain weight (g) Yield (kg hm?)
2021-2022 CK 1688 HC1688 370.67+14.05 48.80+2.29 47.19+£3.08 5994.62+179.24
725 QM725 548.00+£6.93 49.53+0.25 41.74+0.81 8375.29+346.09
WL 1688 HC1688 329.33+14.05 41.77+1.35 39.38+0.80 4966.44+63.66
725 QM725 521.33+33.31 40.75+3.55 37.50+0.65 7584.62+587.13
2022-2023 CK 1688 HC1688 568.00+12.00 47.53+1.86 46.85+0.85 8730.40+135.33
725 QM725 662.00+42.00 51.70+1.10 47.15+0.45 8850.07+148.87
WL 1688 HC1688 480.00+12.00 41.57+1.95 39.65+1.35 7157.44+138.28
725 QM725 590.00+46.00 42.90+0.90 40.77+1.72 6656.53+313.47
F Y 142.01" 2.15 13.37" 84.85"
F-value W 26.22" 125.09™ 118.96" 132.28™
c 165.77" 527 6.31 90.41™
YxW 427 0.70 0.42 16.08"
Y*C 13.78™ 243 13.82" 122.73"
WxC 0.47 1.30 3.49 0.62
YxWxC 0.34 0.72 1.38 3.12"
CK: ; WL: YXW: X ; YXC: X ; WxC: X 3 YXWxXC: X X T
0.05 0.01

CK: control; WL: waterlogging at jointing stage. Y: year; W: waterlogging; C: cultivar; YXW: yearxwaterlogging; Y*C: yearxcultivar; WxC: water-

loggingxcultivar; YxWxC: yearxwaterloggingx cultivar interaction effect. * and " indicate significant differences at the 0.05 and 0.01 probability

levels, respectively.
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Table 2 Effects of waterlogging on wheat grain quality traits

Year Treatment Cultivar Wet gluten (%) Protein content (%) Starch content (%)
2021-2022 CK 1688 HC1688 29.50+1.47 14.33+0.78 68.03+0.78
725 QM725 28.400.20 13.55+0.05 69.40+0.05
WL 1688 HC1688 25.70+1.70 12.47+0.30 68.57+0.30
725 QM725 27.53+1.21 12.45+0.35 69.47+0.35
2022-2023 CK 1688 HC1688 41.47+0.40 18.45+1.04 65.800.20
725 QM725 41.67+0.57 18.38+0.21 66.50+0.17
WL 1688 HC1688 39.43+0.23 17.08+0.49 66.73+0.50
725 QM725 40.07+1.00 16.95+1.24 66.87+0.35
F Y 936.40" 204.43" 216.68™
F-value w 24.32" 16.57" 8.55"
C 0.87 0.01 22.75"
YxW 0.38 0.74 1.16
YxC 0.01 1.48 4.86"
WxC 4.00 0.02 2.53
YxWxC 2.21 1.99 0.02
| 0.05 0.01

Treatments are the same as those given in Table 1. " and ™ indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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Table 3 Effect of waterlogging on volume distribution of starch granules in wheat endosperm (%)

Diameter of starch granule (um)

Year Treatment Cultivar 0.1-2.8 2.8-10.0 <10.0 >10.0 10.0-22.0 >22.0
2021-2022 CK HC1688 11.69+0.01 29.67+1.10 41.16+0.72 58.84+0.72 30.50+0.44 28.7040.70
QM725 11.59+0.01 27.50+0.99 39.09+1.28 60.91+1.28 32.65+0.34 29.40+0.99
WL HC1688 11.62+0.02 27.39+2.45 40.34+0.74 59.66+0.74 31.76+0.49 28.2140.75
QM725 11.52+0.01 24.80+1.67 36.33+1.80 63.67+1.80 34.31+1.34 29.77+0.49
2022-2023 CK HC1688 11.33+0.01 27.3240.05 38.66+0.07 61.34+0.07 32.36+0.06 29.04+0.09
QM725 9.64+0.01 23.40+0.54 32.70+0.07 67.30+0.07 35.05+0.03 32.30+0.09
WL HC1688 9.38+0.01 24.27+0.05 33.65+0.08 66.35+0.08 36.19+0.16 29.94:+0.19
QM725 9.33+0.01 20.91+0.86 30.24+1.33 67.76+1.45 36.76+0.30 32.99+1.55
F Y 153.65™ 159.72" 254217 248.31" 138.78™ 113.15™
F-value w 19.56" 53.617" 66.16" 64.64" 80.10™ 6.83"
C 12.61" 130.91" 129.2" 126.11" 70.92" 57.09"
YxW 15.36" 2.23 8.21" 797 7.66" 1.63
YxC 8.13" 2.13 5.80" 5.65 231 22.69"
WxC 9.22" 0.78 0.20 0.20 3.30 1.26
YXxWxC 9.14™ 5.79" 10.90™ 10.66™ 7.16 3.92
1 0.05 0.01

Treatments are the same as those given in Table 1. " and ™" indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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Table 4 Effect of waterlogging on surface area distribution of starch granules in wheat endosperm (%)

Year

Treatment

Diameter of starch granule (um)

Cultivar 0.1-2.8 2.8-10.0 <10.0 >10.0 10.0-22.0 >22.0
2021-2022 CK HC1688 5153+1.19  31.86+0.44 8339126  16.61+091  10.99+0.82 5.66+5.84
QM725 52.9941.01  29.23+0.69 82224071  17.78:0.71  11.91+0.53 6.15+5.93
WL HC1688 51284095 28364275  79.64+3.06  20.36£1.60  14.80+1.74 5.50+5.83
QM725 52.68£0.45  27.18+1.67  79.86£1.66  20.14£1.46  14.26+1.54 5.78+5.94
2022-2023 CK HC1688 52.1540.12  29.97+0.06  82.1240.06  17.88£0.06  12.04+0.05 5.84+5.87
QM725 51562097  27.58+0.04  79.15£1.01  20.85£0.96  14.60:£0.02 5.27+6.27
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Diameter of starch granule (um)
Year Treatment Cultivar 0.1-2.8 2.8-10.0 <10.0 >10.0 10.0-22.0 >22.0
WL HC1688 48.78+0.19 28.031.67 76.81+1.83 23.19+1.64 16.23%1.75 6.84+7.04
QM725 50.78+0.07 23.8620.64 74.64+0.64 25.3621.42 18.40+1.48 6.9416.91
F Y 16.49™ 11.58" 24.13" 36.08" 21.45" 22.68"
F-value w 13.55™ 28.18™ 39.877 59.62™ 49.66™ 7.50"
C 11.01™ 23.99" 5.84" 8.73" 6.48" 2.30
YxW 7.88" 0.06 2.15 322 0.83 8.36
YxC 1.26 1.69 2.75 4.11 469 0.07
WxC 3.88 0.02 0.76 1.13 0.84 0.29
YxWxC 426 234 0.05 0.08 0.28 0.54

* x

1 0.05 0.01

Treatments are the same as those given in Table 1. " and ™" indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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Table S Effect of waterlogging on number distribution of starch granules in wheat endosperm (%)

Diameter of starch granule (um)

Year Treatment Cultivar 0.1-2.8 2.8-10.0 <10.0 >10.0
2021-2022 CK HC1688 97.37+0.04 2.5240.04 99.90+0.01 0.10+0.01
QM725 97.62+0.06 2.28+0.06 99.90+0.01 0.10+0.01
WL HC1688 97.29+0.07 2.60+0.07 99.89+0.00 0.11:0.00
QM725 97.53+0.10 2.3620.10 99.89:+0.01 0.11+0.01
2022-2023 CK HC1688 97.59+0.01 2.2940.03 99.88+0.03 0.130.01
QM725 97.82+0.02 2.05+0.02 99.87+0.00 0.13+0.00
WL HC1688 97.58+0.06 2.28+0.05 99.86+0.01 0.13+0.01
QM725 97.78+0.09 2.09+0.06 99.87+0.12 0.13+0.01
F Y 96.88" 134.03" 1.70 87.11"
F-value % 5.09" 4.83" 0.08 1.78
C 88.98" 100.77" 0.01 0.44
YxW 1.87 2.15 0.00 0.44
YxC 0.38 0.43 0.00 0.00
WxC 0.17 0.43 0.08 1.78
YXWxC 0.12 0.26 0.03 0.44
1 0.05 0.01

Treatments are the same as those given in Table 1. " and ™" indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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Table 6 Effect of waterlogging on pasting properties (cP)
Year Treatment  Cultivar Peak viscosity Trough viscosity Final viscosity Breakdown Setback
2021-2022 CK HC1688  1089.67+25.74 929.83+24.61 1956.00+31.22 142.25+7.25 1006.25+31.75
QM725 1567.50+18.50 1043.83+35.97 2044.67+92.38 495.00+22.00 1057.50+35.50
WL HC1688  1166.00£19.00 985.17+36.38 2041.67+72.06 180.83+19.33 1056.50+46.77
QM725 1614.50+7.50 1103.33+57.95 2107.00+118.42 548.25+8.75 1084.00+91.00
2022-2023 CK HC1688 819.00+14.00 685.50+6.50 1292.50+5.50 133.504+20.50 607.00£12.00
QM725 1241.33+48.34 848.00+37.00 1475.67+77.31 380.0029.00 627.67+55.59
WL HC1688 858.67+23.18 712.00+27.84 1327.67+33.98 200.00+70.49 626.00+23.00
QM725 1332.67+20.40 898.50+25.50 1611.33+40.82 443.00+£12.00 723.25+20.25
F Y 794.95™ 244.62" 422.84" 17.07" 422.82"
F-value w 36.56" 10.68" 7217 19.00” 5.90"
C 1877.53" 98.01" 27.33" 567.40" 6.23"
YxW 0.03 0.42 0.04 0.55 0.23
YxC 0.51 3.96 6.94" 20.63" 0.25
WxC 0.28 0.23 0.42 0.05 0.45
YxWxC 3.71 0.11 1.09 0.13 1.62
1 - 0.05  0.01

Treatments are the same as those given in Table 1. " and ™" indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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