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Abstract: The early hybrid rice Tianyou 998 and the early conventional rice Guinongzhan were submerged at filling
stage to evaluate submergence effects on grain yield, rice quality, and physiological and biochemical characteristics of
the flag leaf. The depth of submergence were 2/3, and all of rice plant height lasting 0d.1d,3d.5d and 7d(0 d as CK).
The results showed that the plant height increased after submergence and the increments in plant height peaked after 5
—7 days of submergence. The grain yield and rice quality decreased significantly after submergence at a depth of 2/3
plant height and complete submergence lasting 1 — 3 days at the filling stage, especially after complete submergence
lasting 5—7 days. The yield decrease was mainly due to reduced effective panicle number after submergence. The grain
yield and rice quality varied insignificantly with variety under the same submergence conditions. The free proline and
MDA contents in flag leaf increased; however, the SPAD value and the SOD activity decreased following submergence
at the filling stage and the variation increased as the depth and duration of submergence increased. The SPAD value and
the MDA content, significantly or extremely significantly correlated with grain yield and rice quality at the filling stage,
are two physiological indices.
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Fig. 1. Effect of submergence on plant height in rice.
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Fig. 2. Effect of submergence on SPAD value of rice flag leaf.
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Table 1. Effects of submergence on grain yield and its components of early rice.

AR SR TR L TR g
2
oKL Ak B Number of Seed setting Number of 1000-grain Vield
ie
Treatment productive panicles rate grains per weight
) /(g * pot ")
per pot /% panicle /g

KAk 998 Tianyou 998
2/3 # 2/3 submergence

X H CK 31.0+£1.53 a 82.334+6.91 a 103.37£0.90 b 24.3340.17 a 63.69+2.77 a (63.56+1.70 a)
1d 21.0+0.58 b 76.17+2.53 ab 127.60+5.42 a  22.67+0.73 b 46.2843.23 b (44.86+3.52 b)
3d 16.0+1.15 ¢ 74.57£0.86 ab 108.27+3.42 b  22.83£0.44 b 29.6543.3 cd (28.39£2.07 ¢
5d 15.0+0.58 ¢ 74.00+6.18 ab 133.40+8.57 a  21.17+0.44 ¢ 31.1342.43 ¢ (30.9843.93 cd)
7d 14.34+2.96 ¢ 62.60+1.99 b 110.634+3.77 b 21.174+0.33 ¢ 20.9444.13 d (20.29+4.31 d)
% T Complete submergence
%R CK 31.0£1.53 a 82.33%6.91 a 103.37£0.90 ¢ 24.3340.17 a 63.6942.77 a (63.5641.70 a)
1d 15.74+1.76 b 65.6941.48 b 136.63+2.15 ab 22.5040.29 b 31.6443.78 b (31.3743.11 b)
3d 14.04+1.53 b 59.7745.03 b 142.13+£6.94 a  21.8340.33 b 25.5041.70 be (24.94+2.04 ¢)
5d 12.740.88 b 55.534+0.43 b 133.37£7.45 ab 19.6740.67 c 18.70+2.78 cd (18.44+1.24 I
7d 11.340.88 b 53.3742.59 b 124.674+4.36 b  18.3340.44 d  13.7040.54 d (13.36+1.42 d)

4 5 Guinongzhan
2/3 ¥ 2/3 submergence

Xf# CK 23.041.53 a 85.2341.50 a 118.53£0.35 b  23.0020.00 a 53.32£2.64 a (53.1543.22 a)
1d 15.3+1.67 b 80.214+4.13 ab 129.83+1.89 a  22.0040.50 ab 34.78+£2.77 b (34.43+4.81 b)
3d 14.0£0.58 b 78.764+5.07 ab 125.73£2.57 ab 21.3340.33 abc 29.67£2.96 bc (23.0040.65 )
5d 12.3£0.67 b 76.5543.34 ab 132.03£4.40 a  20.6720.60 bc  25.70£1.72 ¢ (24.31£3.94 bo)
7d 12.0+0.58 b 72.554+4.16 b 126.13+4.93 ab 19.8340.88 ¢ 21.81+2.32 ¢ (21.70+3.42 ¢)

W Wi# Complete submergence

X CK 23.04+1.53 a 85.23+£1.50 a 118.5340.35a 23.00£0.00 a  53.3242.64 a (53.1543.22 a)
1d 14.3£0.33 b 82.45+0.73 ab 109.134+2.05 a  21.83£0.93a  28.0940.58 b (28.45£1.57 b)
3d 14.0£1.00 b 74.50£3.8 abc 109.40£9.73 a  21.1740.44 ab  24.0542.60 b (22.0141.37 be)
5d 13.3£1.20 be 71.37+4.61 ¢ 114.934+6.83 a  19.67£0.60 bc  21.3041.92 be (19.44£3.32 ¢)
7d 10.3£1.33 ¢ 70.45£4.32 ¢ 113.67£5.91a 18.174£0.73 ¢ 15.47£3.56 ¢ (15.01+£1.47 ©

H5 N R EER R, PEE SRR RN FREFROR AR BRI LR 0. 05 K b 225 3 (LSD B . F&IA .

Wthin parentheses are actual yield. Mean= SE. Figures flanked by various lowercase letters are significantly different at 0.05 level. The

same as in tables below.
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Table 2. Effects of submergence on the processing and appearance qualities of early rice

5530 4 2 (2016 4E 3 A

o o T % 1
FoRE 5 AL B Head milled Percentage Chalkiness
Brown rice Milled rice
Treatment rice rate of chalky grain degree
rate/ % rate/ %
/% /% /%
KA 998 Tianyou 998
2/3 #% 3/2 submergence
% B CK 87.6445.93 a 64.55+0.82 a 48.34%0.52 a 19.33+0.88 b 3.65+0.75 b
1d 78.5740.30 ab 63.99+0.24 a 44.96+2.36 a 20.3340.88 b 4.774+0.93 b
3d 77.6441.35 ab 61.56+4.17 a 25.88+1.31 b 25.67+E4.41b 6.714+0.80 b
5d 77.64+0.83 ab 59.47+0.48 ab 25.504£0.35 b 47.0042.00 a 13.004+0.80 a
7d 77.05+2.84 b 55.31+£0.76 b 23.56+0.41 b 50.00£4.04 a 16.294+1.97 a
# T # Complete submergence
CK 87.6445.93 a 64.55+0.82 a 48.34+0.52 a 19.334+0.88 ¢ 3.654+0.75 d
1d 78.09+1.07 ab 62.85+0.67 a 42.64+0.16 b 30.33+1.20 b 16.55+2.73 ¢
3d 77.63£0.98 ab 56.53+2.87 b 25.95+1.76 ¢ 33.67£1.45 b 18.344+1.20 ¢
5d 77.27+£0.62 b 55.90£2.06 b 24.5940.20 ¢ 49.3341.86 a 28.73£4.28 b
7 d 74.85+3.80 b 54.79+0.95 b  19.03+0.70 d 52.004+2.08 a 40.00+1.86 a

4 5 Guinongzhan
2/3 # 2/3 Submergence

%} B CK 80.37+1.41 a 65.55+0.59 a 50.654+0.88 a  25.67+2.03 ¢ 4.54740.47 ¢
1d 79.89+£0.72 a 63.41+£0.64 ab 41.194+0.37 b 29.00£1.15 ¢ 7.704+2.19 ¢
3d 79.1940.45 ab 61.93+1.09 b 36.2740.40 ¢ 39.00£1.15 b 12.64+1.69 be
5d 78.91£0.13 ab 59.29+£0.10 ¢ 35.3240.20 ¢ 43.33+£1.45 ab 20.26+£1.01 ab
7d 76.63+£0.84 b 55.30£1.05d 21.3440.04 d 49.00%3.51 a 25.51£7.16 a
B Complete submergence
X CK 80.37+1.41 a 65.55+0.59 a 50.65+0.88 a 25.67+2.03 ¢ 4.5440.47 ¢
1d 79.84+1.51 a 60.36+0.66 b 42.604+0.43 b 26.67+2.19 ¢ 8.084+0.89 ¢
3d 78.46+0.79 ab 59.07+0.34 b 37.58+0.44 ¢ 54.67+4.81 b 18.37+0.71 b
5d 77.73£0.9 ab 57.11£0.66 ¢ 25.6640.49 d 54.67£1.86 b 23.45+£1.46 b
7d 75.24+£1.08 b 49.97£0.72d 20.7140.30 e 71.00£2.52 a 42.4243.46 a
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