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Abstract: In this study, rice (Oryza sativa) ‘Kongyu 131’ was used as experimental material, 2, 4, 6, 8-day sub-
mergence treatments and a subsequent 3-day recovery were conducted, and the impacts of different degrees of
submergence on the growth and antioxidant parameters of rice were investigated. The results showed that the
significant elongation of leaves and internodes resulted in overgrowth of rice seedlings; photosynthetic pig-
ments and relative water content decreased; hydrogen peroxide (H,0,) content increased gradually, while
malondialdehyde (MDA) content first increased and then decreased, reaching its peak on the fourth day of treat-
ment. The activities of superoxide dismutase (SOD) and peroxidase (POD) also first increased and then de-
creased, rising 80.91% and 51.54% on the sixth day of treatment respectively; catalase (CAT) activity increased
66.59% on the eighth day of treatment compared to the control; ascorbate peroxidase (APX) activity was rela-
tively stable, while glutathione peroxidase (GPX) activity increased at first (reached a high level of 78.82% on
the fourth day) and then decreased. The subsequent 3-day recovery was not able to restore the lodging pheno-
type of rice seedlings, and both above-ground and underground dry weights increased under all treatments. The
root/shoot ratio of rice seedlings recovered from 2 or 4 days of submergence treatment increased, while the one
recovered from 6 or 8 days of submergence treatment decreased. MDA and reactive oxygen species (ROS) con-
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tents continued to increase, prompting the activities of CAT and APX to increase, subsequently participating in
scavenging ROS. Our results indicated that submergence resulted in decrease in photosynthetic pigments and
relative water content, and quickly triggered the operation of enzymatic and non-enzymatic ROS scavenging

system, leading to root/shoot imbalance, nutritional deficiency of rice seedlings, the whole plant overgrowth
and lodging during the subsequent recovery. During the recovery, CAT and APX activities were triggered for
the removal of the increasing ROS, and different submergence severity resulted in different root/shoot ratio

changes, implying different recovery mechanisms.
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Table 1 Effects of different submergence treatments on plant height, root length, dry weight and root/shoot ratio of rice

hbFE FRiE/em fRK/em o BB E /g MR g et b

HEIK SC2 27.29+0.05" 8.90+0.02' 0.113+0.00" 0.046=0.00" 0.407+0.028
S2 25.53+0.00' 9.13+0.02*" 0.174+0.00" 0.047+0.00" 0.270+0.02"
SC4 27.54+0.40" 9.83+0.01" 0.264+0.00™ 0.083+0.00* 0.314+0.02™
S4 30.45+0.01°" 10.15+0.01° 0.250+0.00° 0.089+0.00* 0.356+0.04"
SC6 29.65+0.00® 11.23+0.00° 0.231+0.00° 0.1010.00° 0.348+0.02'
S6 31.49+0.00" 11.18+0.00° 0.163+0.00* 0.144+0.00" 0.437+0.02'
SC8 32.46+0.02° 12.510.30° 0.271+0.00° 0.140+0.00° 0.516+0.00°
S8 32.89+0.04° 11.15+0.00° 0.113+0.02¢ 0.095+0.00" 0.772+0.02°

WK G A RC2 30.84+0.02° 9.35+0.03¢ 0.191+0.00% 0.087+0.00* 0.455+0.02¢
R2 28.09+0.01¢ 9.04+0.01" 0.065+0.00¢ 0.0510.00°" 0.784+0.03"
RC4 28.1240.02¢ 10.35+0.03° 0.210+0.02° 0.102+0.00° 0.485+0.05"
R4 30.82+0.70° 10.23+0.00°" 0.144+0.00° 0.072+0.00° 0.5000.26™
RC6 29.82+0.60" 11.64+0.02° 0.246+0.00™ 0.121+0.00° 0.491+0.04°"
R6 31.57+0.01° 12.06+0.53" 0.220+0.00° 0.097+0.00" 0.440+0.15"
RCS8 33.92+0.02° 12.610.02° 0.279+0.02° 0.141+0.04* 0.505+0.12%
RS 32.12+0.02% 11.35+0.05% 0.196+0.01% 0.097+0.00" 0.494+0.03°
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(1) BEASKASHL G FFEE, M AT &K EE
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Fig.1 Effects of different submergence treatments on shoot
relative water content in rice
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Table 2 Effects of different submergence treatments on rice 2-leaf, heart-leaf and different internodes length

Vil K /em LK /em ST E K om B AT A K /om =R /om
K SC2 7.62+0.02" 4.98+0.04' 3.16+0.02" 3.23+0.00' 2.65+0.00¢
S2 8.10+0.00° 9.06+0.018 3.36+0.00*" 3.26+0.00" 2.70+0.00"
SC4 7.75+0.07¢ 8.26+0.01" 3.40+0.03¢ 3.56+0.07¢ 3.55+0.02°
S4 8.49+0.01° 11.39+0.02° 4.00+0.00° 3.98+0.00" 3.56+0.41°
SC6 8.12+0.01° 11.05+0.33¢ 4.10£0.01° 3.92+0.00" 3.80+0.00°
S6 8.90£0.08" 11.63+0.00° 4.30+0.00° 4.9440.02° 4.5240.04°
SC8 8.50+0.15" 13.75+0.00° 4.20+0.05° 4.10+0.00° 3.83+0.00%
S8 7.86+0.03" 24.05+0.02° 4.50+0.02° 4.72+0.00° 4.03+0.00°
HEIK G WA RC2 7.74+0.032 5.60+0.04" 3.50+0.01" 3.83+0.00" 3.83+0.02°
R2 8.23+0.00° 9.070.08¢ 3.52+0.02° 3.30+0.03" 3.77+0.19°
RC4 7.97+0.00° 8.75+0.01" 3.60+0.04°" 4.06+0.01° 3.66+0.00°
R4 8.55+0.06" 11.73+0.31¢ 4.00+0.03¢ 4.21+0.00° 3.69+0.11¢
RC6 8.37+0.03° 11.13+0.06 4.10£0.02° 4.12+0.00° 3.67+0.03°
R6 8.95+0.05" 16.61+0.01° 4.20+0.03" 4.5240.00° 4.17+0.00°
RC8 8.55+0.01° 13.73+0.15% 4.24+0.06° 4.18+0.14° 3.68+0.03¢
RS 7.8440.02" 24.07+0.02° 4.21+0.06° 4.69+0.01° 4.08+0.01"
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Fig.2 Effects of different submergence treatments on rice leaves
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Fig.3 Effects of different submergence treatments on

Car, Chla and Chlb contents in rice
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Fig.4 DAB (A) and NBT (B) staining on leaves of rice
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