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(18l 1500  /hm’
1.3
e 3677 1.3.1
(MDA) 3
MDA
[19]
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2
1 4
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1.1 MDA (TBA) (201
<« 0.5000g pH7.8 6 ml
36”7 4 4 000 r/min
( N=460 g/kg) ( P,Os= 20 min SOD
120 g/kg) ( K,0=600 g/kg) ( POD CAT SOD (NBT)
B=200 g/kg) POD CAT
1.2 (201
1.3.2
5~6 DO( 0d
70% ~ 80%) D6(6 d) D99 d)3
1 cm 3d 1.4
NO(0 kg/hm?®) N2(30 kg/hm?) SPSS 10.0
N4(60 kg/hm?)  N6(90 kg/hm?)4 (ANOVA) (Duncan)
12 NODO
(CK)
2015 9 —2016 5 2
2.1
(0~20cm) pH 6.50 31.80 g/kg DO
17.16 g/kg 199.50 mg/kg 22.50 mg/kg D6 D9 a+b
66.50 mg/kg 2 mm 21.19% ( 1
( 7.00 kg 3 (NOD6 NOD9)
5 15 25cm 1 cm )
3 9 N 0.57 20 D6 D9
g/ P,05 0.28 g/ K,00.36 g/ B 0.01 g/ 4 N4D6 N6D9
2 17.75%
N4D6 (CK) CK
1 N6D9 CK 23.73%
4mXxX5m 3
1.5m
30 cm 30 cm 0~100 cm (P<0.05)
9 N
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F1 BHEERIFRKPEZ MM ZELD S 2 (my/ke)
Table 1 Effects of adding nitrogen on chlorophyll content in leaves under waterlogging during seedling
0 5 10 15 20
NODO(CK) 462.81 £ 10.20a  648.00 & 6.59 be 559.82 = 3.50 ¢ 79191 & 8.97b 843.39 + 1.05d
NOD6 360.80 == 1.27 b 515.96 4 35.44 de 40293 + 047 f 609.03 + 24.37d 649.51 = 1.99 f
NOD9 285.42 + 0.04 ¢ 416.40 + 2438 f 275.62 £ 2.571 44436 £ 21.30e 473.04 £ 1431
N2D0 469.01 £ 2429a 73471 = 12.61a 666.63 + 7.17 a 917.81 = 23.03 a 979.74 + 2.80 ¢
N2D6 35735 2 3.34b 57725 £ 1833 cd  466.60 = 0.56 ¢ 688.80 + 41.06 ¢ 738.19 = 7.70 ¢
N2D9 286.44 + 0.44 ¢ 463.76 £ 12.19ef  356.83 * 6.43 h 540.11 + 32.40d 570.83 = 4.22h
N4DO0 446.16 = 18.59a  713.83 = 15.37 ab 676.55 * 3.24 a 983.27 = 17.50 a 1068.89 = 7.78 a
N4D6 356.36 = 1.27b 588.44 4+ 29.34 ¢ 53421 + 0.15d 798.31 = 35.99 b 856.54 + 6.07d
N4D9 285.58 + 0.86 ¢ 466.49 £ 2554ef 37656 = 198 ¢ 572.03 = 14.64 d 61129 + 187 g
N6DO 441.05 £ 11.29a  705.74 £ 2097ab  642.89 + 5.68b 926.00 = 19.14 a 1008.40 + 1.04 b
N6D6 35241 £ 1.13b 598.46 + 37.86 ¢ 523.99 + 1.08 d 783.90 + 13.09 b 843.62 = 2.11d
N6D9 284.60 + 1.61 ¢ 465.82 £+ 16.33 ef 396.38 = 3.11f 606.16 + 25.17d 643.27 = 9.77 f
D sk B3 * sk *
NXD NS NS * NS *
NODO(CK) 1033.03 = 21.10a 1239.90 £ 17.63b  1258.14 = 9.63¢  1110.36 £ 31.19b  1224.19 + 23.51b
NOD6 856.13 = 2.22b 937.29 + 5.14d 1016.12 = 9.29f  888.82 = 13.71¢  975.94 £ 1335¢
NOD9 758.85 + 33.00 ¢ 813.62 + 13.17 f 873.71 = 1.08 h 743.73 + 7.37d 796.58 + 3.83 f
N2D0 1068.21 & 1598a 1289.63 £ 30.28 a 1426.26 = 16.33b  1361.28 £ 23.81a 152437 + 37.18a
N2D6 814.02 = 7.79b 989.70 + 13.76 ¢ 109544 + 13.77 ¢ 1018.71 £ 7.56 b 1128.81 £3.99¢
N2D9 736.96 + 27.61 ¢ 872.48 = 4.13 ¢ 958.80 = 4.44 ¢ 867.06 = 18.52 ¢ 939.69 + 6.46 ¢
N4DO0 1050.81 = 36.07a 1284.04 = 45.20a 1443.25 = 6.14ab  1384.54 £ 18.45a 1456.00 £ 38.15a
N4D6 834.47 +22.30b 1032.06 £ 4.13 ¢ 1151.58 = 10.36d 1096.06 = 43.37b  1229.07 £ 35.15b
N4D9 702.34 + 13.96 ¢ 880.19 = 8.12¢ 965.63 =249 ¢ 899.56 + 18.73¢  982.61 = 16.61 ¢
N6DO 1086.39 + 24.46a 132027 = 4.66a 1466.76 = 16.06a 1364.59 £ 29.27a 1417.09 £ 55.63 a
N6D6 825.99 + 16.44 b 1006.59 + 16.22 ¢ 1135.51 £ 4.85d 1061.06 + 3.88 b 1172.13 & 23.80 ¢
N6D9 741.19 = 11.14¢c  897.72 £ 15.72de  994.96 = 16.28 fg  910.67 = 2541 ¢ 101532 £ 7.70d
N NS * * * *
D * * * * *
NXD NS NS * NS *
NODO N2D0 N4DO0 N6DO 0d 0 kg/hm?*( CK) 30 60 90kg/hm*> NOD6 N2D6
N4D6 N6D6 6d 0 30 60 90kg/hm’> NOD9 N2D9 N4D9 N6D9 9d 0
30 60 90 kg/hm? + P<0.05 * P<0.05
NS
2.2
DO SOD POD CAT (1
D6 D9 2 3) 20
SOD POD SOD POD CAT D6
CAT POD (1 N4D6 NOD6 13.28% ~
2 3) 26.98% SOD CAT
CK CK POD
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CK D9 N6D9
CK MDA
(P<0.05)
(P<0.05) MDA
CAT 24
2.3 DO
D6 12.90%
DO D9 22.66%
D6 D9
MDA ) ( 2 N4D6
NOD6 14.44%
MDA 20 CK N6D9 NOD9
N4D6 MDA CK 21.26% CK 8.57% 6.21%
CK NOD6
20.24% ~23.67% N6D9 MDA
CK 22.09% ~ 27.50% NOD9 (P<0.05)
20.92% ~ 25.69%
F2 HEHEEENEEFEKMELHMETENENE
Table 2  Effects of adding nitrogen on yield under waterlogging during the maturity
(g ) (kg/hm?)
NODO(CK) 17.90 + 0.63 abc NODO(CK) 244539 + 62.15 ab
NOD6 15.38 £ 0.02 ef NOD6 2140.01 £+ 30.40d
NOD9 1336 = 027 g NOD9 1891.35 + 55.37 ¢
N2D0 18.34 £ 0.10 ab N2D0 2518.20 £+ 31.66 a
N2D6 17.31 + 0.46 bed N2D6 2251.57 + 43.07 od
N2D9 14.49 + 0.01 f N2D9 2004.66 £ 12.73 ¢
N4DO 18.84 £ 0.19a N4DO 257144 £ 3743 a
N4D6 17.92 + 0.13 abe N4D6 2449.09 + 17.84 ab
N4D9 15.59 £ 0.01 ef N4D9 2147.46 £ 22.86d
N6DO 18.61 £ 0.28 a N6DO 2533.59 + 80.40 a
N6D6 16.98 + 0.70 cd N6D6 2362.86 + 40.43 be
N6D9 16.36 = 0.65 de N6D9 229345 £ 1796 ¢
N * N *
D * D *
NXD * NXD *
3 6d 9d
atb
3.1
60 kg/hm’ 6d
90 kg/hm®
[15] 9 d
a b
[4,21]
[22-24]
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Regulation Effects of Adding Nitrogen on Physiological Properties
and Yield of Rapeseed After Waterlogging During Seedling

CHEN Honglin, CHEN Shanghong, ZHENG Shenghua, SHEN Xueshan, LIU Dinghui"
(Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066, China)

Abstract: The regulation of adding nitrogen on crop physiological properties and yield after waterlogging stress can provide
valuable information for restoring crop growth. In this study, the method of combining field and pot experiments were adopted,
including four adding nitrogen rates of 0, 30, 60 and 90 kg/hm? and three waterlogging time treatments of 0, 6 and 9 days. The results
showed that compared with the treatment of only waterlogging stress but no adding nitrogen, adding nitrogen improved the
physiological indexes and enhanced the yield, all the indexes had similar changing characters in both pot and field experiments. After
20 days from adding nitrogen, the chlorophyll contents in leaves, the activities of SOD, CAT and POD in leaves and roots, as well as
the yield increased and the MDA contents in leaves and roots decreased while the waterlogging time decreased and the nitrogen rates
increased, waterlogging time and nitrogen rates had significant interaction effects on the other physiological indexes and yield except
the CAT activities in roots (P<0.05). Compared with the treatment of only waterlogging stress but no adding nitrogen, the
chlorophyll contents in leaves, the activities of SOD, POD and CAT in leaves and roots, as well as the yield significantly increased
from 13.28% to 26.98% (P<0.05), the MDA contents in leaves and roots significantly decreased 20.24% to 23.67% under the
treatment with waterlogging lasted 6 days and applying N 60 kg/hm?® in both pot and field experiments (P<0.05), other indexes
already restored to the level of the treatment of no waterlogging stress and adding nitrogen (CK) except the POD activities; The
chlorophyll contents in leaves, the activities of SOD, POD and CAT in leaves and roots, as well as the yield significantly increased
(P<0.05), the MDA contents in leaves and roots significantly decreased under the treatment with waterlogging lasted 9 days and
applying N90 kg/hm? in both pot and field experiments (P<0.05), but all the indexes could not restore to the level of CK. In the main
planting region of winter rape, adding 60 kg/hm? after 6 d waterlogging stress or 90 kg/hm? nitrogen after 9 d waterlogging stress can
restore and promote the plant growth and reduce the yield loss.

Key words: Nitrogen; Seedling; Waterlogging stress; Rapeseed; Antioxidative enzymes
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