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Effect of Alternate Wetting and Drying Irrigation on Post-anthesis Remobiliza-
tion of Assimilates and Grain Filling of Rice

XU Yun-Ji'?, XU Yang-Dong', LI Yin-Yin', QIAN Xi-Yang', WANG Zhi-Qin', and YANG Jian-Chang"’

'Key Laboratory of Crop Genetics and Physiology of Jiangsu Province / Yangzhou University, Yangzhou 225009, Jiangsu, China; *Joint Interna-
tional Research Laboratory of Agriculture and Agri-product Safety, the Ministry of Education of China, Yangzhou University, Yangzhou 225009,
Jiangsu, China

Abstract: Alternate wetting and drying irrigation (AWD) has been widely adopted in rice production for saving water and in-
creasing water use efficiency. However, there is limited information about how AWD affects post-anthesis remobilization of as-
similates and grain filling. To elucidate this issue, we planted three rice cultivars, including Yangliangyou 6 (indica hybrid), Wu-
yunjing 24 (japonica) and Hanyou 8 (japonica) in the field. With treatments of conventional irrigation (CI), alternate wetting and
moderate soil drying irrigation (WMD) and alternate wetting and severe soil drying irrigation (WSD) from 10 days after trans-
planting to maturity. Grain yield and its components, grain filling of superior and inferior spikelets, changes in activities of the key
enzymes involved in the conversion from sucrose to starch in grains, photosynthetic traits of flag leaf, the remobilization of
non-structural carbohydrates in stems (culms and sheaths) and changes in starch hydrolytic enzymes in stems were investigated
and isotope °C was applied to trace redistribution of stem reserves. WMD significantly increased number of spikelets per panicle,
1000-grain weight, percentage of filled grains and grain yield of all the tested cultivars as compared with CI. Increases in
1000-grain weight and percentage of filled grains under WMD were mainly due to the enhancement of grain filling in inferior
spikelets. Both WMD and WSD significantly enhanced the activities of a-amylase and B-amylase in stems and promoted
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translocation and redistribution of stem reserves, and increased the contribution of reserved carbohydrates in stems to grain yield.
Moreover, WMD strengthened photosynthetic efficiency of flag leaf and enhanced the activities of the key enzymes involved in
the conversion from sucrose to starch in inferior spikelets, whereas WSD exhibited the opposite effects. The results suggest that
better leaf performance and higher activities of starch hydrolytic enzymes in stems, more remobilization of assimilates from stems
to grains, and stronger activities of the key enzymes involved in sugar metabolism in inferior spikelets under the WMD are im-
portant physiological reasons for the enhancement of grain-filling in inferior spikelets of rice.

Keywords: rice; alternate wetting and drying irrigation; grain filling; tracer of isotope "*C; superior spikelets; inferior spikelets;
remobilization of reserves in stems
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Fig. 1 Changes in soil water potential under alternate wetting and drying irrigation (AWD) during grain filling of rice
WMD: - ; WSD: - ;DI D2 ;
WMD: alternate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying; D1 and D2 represent soil water potential at
—15 kPa and —30 kPa, respectively, under WMD and WSD. Arrows indicate the re-watering period.
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CI: conventional irrigation; WMD: alternate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying. D1 and D2
represent soil water potential at —15 kPa and —30 kPa, respectively, under WMD and WSD. W1 and W2 indicate the re-watering period.
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Table 1 Effect of alternate wetting and drying irrigation on grain yield and its components of rice
L . Number of  1000-grain Filled  Irrigation water Irrigation Water use
. .. Grainyield Panicles . . . ) )
Cultivar Irrigation (thm?) (<10 hm) spikelets per weight grains  during the whole water after  efficiency for
m m
regime panicle (g) (%) growing season  heading irrigation
(mm) (mm) (kg grain m™)
6 CI 9.83b 218.88 a 189.50 b 28.40 b 83.42b 922 a 286 a 1.07 ¢
Yangliangyou 6 WMD 10.88 a 205.83 b 206.04 a 29.96 a 85.63 a 704 b 140 b 1.55a
WSD 722 ¢ 186.69 ¢ 177.40 ¢ 26.88 ¢ 81.06 ¢ 516 ¢ 108 ¢ 1.40b
24 CI 8.76 b 230.25a 175.13 b 26.06 b 83.35b 914 a 275 a 0.96 ¢
Wuyunjing24  WMD  9.72a 210.17 b 188.68 a 27.96 a 87.68 a 722 b 124 b 1.35a
WSD 599¢ 189.18 ¢ 160.30 ¢ 2436 ¢ 81.12 ¢ 536 ¢ 104 ¢ 1.12b
8 CI 9.03b 236.01 a 172.84 b 2520 b 87.84b 908 a 279 a 0.99 ¢
Hanyou 8 WMD 9.73a 220.47 b 183.71 a 26.85a 89.45a 687 b 133 b 142 a
WSD 6.97 ¢ 208.85 ¢ 162.42 ¢ 24.16 ¢ 85.02 ¢ 528 ¢ 9% ¢ 1.32b
P=0.05 CI: ; WMD: - ; WSD: -

Values within the same cultivar followed by different letters are significantly different at P < 0.05. CI: conventional irrigation; WMD: alter-

nate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying.
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Fig.3 Effect of alternate wetting and drying irrigation on grain weight and grain filling rate for superior and inferior spikelets of
rice
CI: ; WMD: - ; WSD: - ;S ;1
CI: conventional irrigation; WMD: alternate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying; S: superior
spikelets; I: inferior spikelets.
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Table 2 Effect of alternate wetting and drying irrigation on grain filling parameters of superior and inferior spikelets of rice

Grain weight (4)  The maximum grain-filling The mean grain-filling rate

Cultivar Irrigation regime Grain position (mg grain”") rate (Guay) (mg grain d°) (Guewn) (g grain” d)
6 CI S 2734 a 1.87a 1.19a
Yangliangyou 6 I 19.06 d 1.27d 0.84d
WMD S 27.64 a 1.89 a 121a
I 21.60 ¢ 1.32¢ 0.95¢
WSD S 24.82b 1.61b 1.03b
I 15.00 e 1.01e 0.67 ¢
24 CI S 26.84 a 1.89 a 122 a
Wuyunjing 24 I 1691d 1.16 d 0.77d
WMD S 26.99 a 1.84a 1.18 a
I 18.80 ¢ 1.32¢ 0.88 ¢
WSD S 2433 b 1.69 b 1.09 b
I 15.00 e 1.01e 0.67 ¢
8 CI S 26.85a 1.88 a 1.13a
Hanyou 8 I 16.78 d 1.21d 0.81d
WMD S 26.92 a 1.86 a 1.16 a
I 18.56 ¢ 1.33¢ 092 ¢
WSD S 24.67b 1.63 b 1.08 b
I 15.19 ¢ 1.00 e 0.70 e

P=0.05 CI: ; WMD: - ; WSD: - S: ;1

Values within the same cultivar followed by different letters are significantly different at P<0.05. CI: conventional irrigation; WMD: alternate
wetting and moderate soil drying; WSD: alternate wetting and severe soil drying. S: superior spikelets; I: inferior spikelets.

#3 FEXBERMNKEHMASERNHZM

Table 3 Effect of alternate wetting and drying irrigation on photosynthetic rate of flag leaf of rice

Photosynthetic rate (umol m2s™")

Cultivar Irrigation regime D1 w1 D2 W2
6 CI 20.59 a 21.13 b 15.89 a 15.96 b
Yangliangyou 6 WMD 21.00 a 24.08 a 16.20 a 17.81 a
WSD 18.42b 19.43 ¢ 13.37b 14.16 ¢
24 CI 20.61 a 20.30 b 16.23 a 16.56 b
Wuyunjing 24 WMD 20.75 a 23.05a 16.56 a 18.03 a
WSD 19.02 b 18.72 ¢ 14.03 b 14.81 ¢
8 CI 21.38a 20.43 b 1592 a 15.38 b
Hanyou 8 WMD 20.83 a 2294 a 16.11a 17.09 a
WSD 18.72 b 18.22 ¢ 14.63 b 12.27 ¢

P =0.05 CIL: ; WMD: - ; WSD: - D1 D2
;WL W2

Values within the same cultivar followed by different letters are significantly different at P < 0.05. CI: conventional irrigation; WMD: alter-
nate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying. D1 and D2 represent soil water potential at —15 kPa and
—30 kPa, respectively, under WMD and WSD. W1 and W2 indicate the re-watering period.
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Fig. 4 Effect of alternate wetting and drying irrigation on activities of sucrose synthase (SuSase), adenosine diphosphate glucose
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CI: conventional irrigation; WMD: alternate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying. S: superior
spikelets; I: inferior spikelets. D1 and D2 represent soil water potential at —15 kPa and —30 kPa, respectively, under WMD and WSD. W1 and
W2 indicate the re-watering period.
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Fig. 5 Effect of alternate wetting and drying irrigation on SOD activity and MDA content of flag leaf of rice
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CI: conventional irrigation; WMD: alternate wetting and moderate soil drying; WSD: alternate wetting and severe soil drying. D1 and D2
represent soil water potential at —15 kPa and —30 kPa, respectively, under WMD and WSD. W1 and W2 indicate the re-watering period.
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Table 4 Effect of alternate wetting and drying irrigation on NSC accumulation and remobilization of rice

NSC NSC accumulation in stems (g m™) NSC NSC
Cultivar Irrig'fltion _ NSC remobilization Contribution of NSC
regime Heading Maturity Heading—maturity (%) to grain yield (%)
6 CI 282.89 a 214.05a 68.84 ¢ 2433 b 7.00 ¢
Yangliangyou 6 WMD 275.06 b 170.45b 104.61 a 38.03 a 9.61b
WSD 238.15¢ 147.12 ¢ 91.03 b 38.22a 12.60 a
24 CI 248.12 a 192.58 a 55.54b 22.38b 6.34c
Wuyunjing 24 WMD 236.84 b 152.54 b 84.30 a 35.59a 8.67b
WSD 224.85¢ 144.26 ¢ 80.59 a 35.84 a 1345 a
8 CI 256.00 a 198.13 a 57.87 ¢ 22.61b 641c
Hanyou 8 WMD 241.88b 156.02 b 85.86 a 35.50 a 8.83b
WSD 220.59 ¢ 140.58 ¢ 80.01b 36.27 a 1148 a
P=0.05 CI: ; WMD: - ; WSD: -

Values within the same cultivar followed by different letters are significantly different at P<0.05. CI: conventional irrigation; WMD: alternate

wetting and moderate soil drying; WSD: alternate wetting and severe soil drying.
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Table 5 Proportion of *C-distribution in rice leaves during grain filling
Bc 3C-distribution in rice leaves (%)
Cultivar [rrigation regime Heading 10 d 10 DPA 30 d 30 DPA
6 CI 15.67a 11.88a 4.62a
Yangliangyou 6 WMD 1620 a 9.74 b 3.04 b
WSD 16.89 a 7.00 ¢ 1.97 ¢
24 CI 1825a 1239a 512a
Wuyunjing 24 WMD 17.88a 11.86a 238D
WSD 18.43 a 6.87b 2.00b
8 CI 19.03a 1421a 6.05 a
Hanyou 8 WMD 1841 a 13.69 ab 4970
WSD 19.22 a 1243 b 433D
P=0.05 CI: ; WMD: - ; WSD: - ; DPA:

Values within the same cultivar followed by different letters are significantly different at P<0.05. CI: conventional irrigation; WMD: alternate

wetting and moderate soil drying; WSD: alternate wetting and severe soil drying; DPA: days post-anthesis.
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Table 6 Correlation coefficients of key enzyme activities in sucrose-starch pathway and photosynthetic characteristics of flag leaf
with grain weight and grain filling rate

Item Grain weight The maximum grain-filling The mean grain-filling
rate (Guax) rate (Gean)

SuSase activity 0.56" 0.55" 0.59"
AGPase activity 0.59™ 0.62" 0.657
StSase activity 0.55" 0.58" 0.57"

SBE activity 0.35 0.40 0.43
Photosynthetic rate of flag leaf 0.82" 0.917 0.89™
SOD activity of flag leaf 0.87" 0.94™ 0.93™
MDA content of flag leaf -0.82" -0.88" -0.90"

- 0.01 ( - n=36; n=27)

" Significant at P=0.01 (n=36 for correlations with key enzyme activities in sucrose-starch pathway and n=27 for correlations with photo-

synthetic characteristics of flag leaf).

®7 EHPIEMKBREEESYREENEIRY

Table 7 Correlation coefficients of starch hydrolytic enzymes activities in stems with carbon remobilization

o- B-
Correlations with a-amylase activity in stems B-amylase activity in stems
NSC NSC remobilization 0.90" 0.67"
NSC Contribution of NSC to grain yield 0.93" 0.80""
Starch remobilization in stems 0.94" 0.79"
13C B3C in stems -0.92" -0.77"
Bc 13C remobilization in grains 0.92" 0.79"
3¢ 3C in grains 0.91" 0.84™
T 0.05 0.01 (n=27)
*, " Significant at P = 0.05 and P =0.01, respectively (n=27).
WMD
[22,37-39]
2
6,8
[6.8] , - , NSC ,
40% B
b 2
, WMD , WMD WSD,
(SOD) , NSC WMD
(MDA) , , WSD 5
, , WSD ,
SOD S MDA
WMD ,
b b
, WMD , WMD WSD
(SuSase) a- B- e
(AGPase) (StSase) (SBE) , ,
, WSD 4 e , e

5 WMD s o- B_
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NSC NSC
13C 13C
, 13C
- B-
AWD NSC
Morita (401 (25.41]
R o- AWD
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,AWD «- B-
, WMD
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