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Effects of Clubroot Disease on Growth, Physiochemical Substance
and Reactive Oxygen Metabolism in Pak-choi

ZHU Hongfang, LI xiaofeng,ZHU Yuying” ,GUO Xinxin,LIU Jinping, GAO Qiangian,ZHAI Wen
(Horticulture Research Institute,Shanghai Academy of Agriculture Sciences,Shanghai 201106, China; Shanghai Key Lab of Pro-
tected Horticultural Technology,Shanghai 201106, China)

Abstract: The experiment was carried out by ‘Xinxiaqing 2’ and ‘Xinaiqing”’ in climate chambers and stud-
ied the influence of seeding growth, physiochemical substance and active oxygen metabolism between the
infection clubroot disease (level 3) and not affected clubroot disease (level 0) in pak-choi(Brassica cam pes-
tris ssp. chinensis Makino) by being taken artificial inoculation method. The results showed that: (1) after
infected clubroot disease, pak-choi-seedling growth,the shoot fresh weight and the chlorophyll content de-

creased ; while the ratio of root-top(R/T) increased. With more seriously infected clubroot disease,the see-
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ding-growth was restrained significantly,and ‘Xinxiaging 2’ was more seriously than ‘Xinaiqing’. (2) The
osmoprotectants,such as soluble protein, soluble sugar, free amino acid in leaves and proline in roots and
leaves decreased, while the malondialdehyde (MDA) content in leaves and roots increased. The changes of
osmoprotectants in ‘ Xinxiaqing 2’ infected clubroot disease were larger except free amino acid content. (3)
The NO; ™ content, activities of nitrate reductase (NR) and glutamine synthetase (GS) of plants infected
disease become low. (4)Under clubroot disease stress,the superoxide dismutase (SOD) , peroxidase enzyme
(POD) ,catalase (CAT) and ascorbic acid peroxidase (APX) activities in leaves were also decreased, and
the SOD,POD and CAT activities in roots were reduced more than that in leaves. Except CAT,the reduced
degree of ‘Xinaiqing” was blower than ‘Xinxiaqing 2. Obviously,the osmoprotectants content,active oxy-
gen metabolism,ability of using nitrogen and light were affected by clubroot disease,and membrane lipid
peroxide were increased. All of the above.it was found that ‘Xinxiaqing 2’ was more seriously influenced
by the clubroot disease than ‘Xinaiqing”’,and the ability of photosynthesis,absorption,antioxidant and os-
moprotic adjustment was depressed by clubroot disease,and the whole plant was sick to grow. Soluble pro-
tein and MDA contents, the activities of antioxidant enzymes can be used as early screening physiological

indexes of clubroot disease. Comparing with normal plants,clubroot disease resistance of ‘Xinaiqing’ was

higher than ‘Xinxiaqing 2”.
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pak-choi cultivation ‘Xinxiaqing 2’
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Table 1 Effects of clubroot disease on the growth of pak-choi seedling

s RESE 5 IR e KT AR
Variety Disease progression Plant height/cm Stem length/cm Max leaf area/cm?
/fﬁﬁ?:ji '2 = 0 10. 03+0. 50a 5.60+0. 45a 18.87+0. 64a
Xinxiaqing 2 3 7.6040. 55b 5.27+0.21a 11. 2540. 45¢
%ﬁ@% 0 8.13+0. 35b 5.33+0. 25a 12.72+0.51bc
Xinaiqing 3 6.10+0. 40c 4,474+0. 35b 14.92+0. 84b

T < [ 5 ) 2 B 2 7R S R RLAE 0. 05 /K EA7AE B3 PE 2 5% T I .

Note: Different letters in the same column indicate the significant difference between varieties at the 0. 05 level; The same as below.
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Table 2 Effects of clubroot disease on fresh weight of shoot and root

and the root-top ratio (R/T

) of pak-choi seedling

HE A 25 Xinxiaqing 2

BT Xinaiqing

Disease o b o o fif = Mo b if 3t fif =
progression Shoot fresh Root fresh )rER"/;j‘ille Shoot fresh Root fresh )rERK;,I%E
weight/g weight/g ! weight/g weight/g !
0 24,3041, 34c 1.07+0.68¢ 0.04 23.38+1.63c 0.7740.41c 0.03
1 2.09+1.12b 0.3740.32a 0.18 1.2140.87b 0.25+0.13a 0.21
3 0.67+0.61a 0.61+0.53b 0.91 0.75+0.42a 0.52+0.36b 0.69
5 0.87+0.49%a 1.06+0.79¢ 1.22 1.1540.93b 1.0540. 90d 0.91
F3 MWFEMAEKEEYEHREZLIENF I
Table 3 Effects of clubroot disease on the chlorophyll content of pak-choi seedling
s ol TR A 43K a ek E b 4t (atb)
Variety Disease progression  Chlorophyll a/(mg « g~ ')  Chlorophyll b/(mg+ g~ 1) Chlorophyll (a+b)/(mg =+ g 1)

W 2 25.1940.91b

9.56+0.87 b 34.75+1.51¢

Xinxiaqing 2 3 19. 4140. 99a 7.63+0.58 b 27.04-0. 68b
/fﬁ@ﬁ 0 19.62+1.28 a 8.41+0.65b 28.03+0.71b
Xinaiqing 3 16.85+1.21 a 4,49+0.72a 21.34+1. 32a
F4 RMFEHAEKAEMTAATAEEA RSB FSSEREARHBEBRSENZN
Table 4 Effects of clubroot disease on the contents of soluble protein,soluble sugar and
free amino acid in leaves and proline in leaves and roots of pak-choi seedling
o B AL AEEEA AT PR e B8 A TR fifi% 2 Proline/(pg+ g™ 1)
Hil Disease Soluble protein Soluble sugar Free amino
Variety N - , _ 1 =
progression content/(mg+ g~ ')  content/(mg+g 1) acid/(pg» g™ ") A Leaf R & Root
HEw e 0 110.22+3.42a 25.66+2.78 a 604, 31498, 21a 42.4243.97a 29.01+3. 74a
Xinxiaqing 2 3 51.3243.61b 12.02+1.75 b 323.33480. 83b 24.40+1.71¢ 16.92+2. 45¢
R 0 117.24+3.21 a 23.85+0.61a 558. 12+56. 96a 32.414+1.92b 35.99+2.92a
Xinaiqing 3 55.31+1.28 b 13. 340, 54b 238. 65435, 28b 26.89+2. 23¢ 27.78+43.22b
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Effects of clubroot disease on antioxidant enzyme activities of pak-choi leaves and roots
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Table 5 Effects of clubroot disease on the NO; ~ content,activities of NR and GS of pak-choi seedling
sl T R NO; ~ NR GS
Variety Disease progression/ %% /(mgeg ) /(mge+g '+h 1) /(mge+g t+h 1)

%)TE%EZ% 0 10.41+0.61b 1022.2+99.2b 47.94-+6.90b
Xinxiaging 2 3 9.07+0. 15a 633.69469. 9a 30. 60+6. 78a
%}f‘ﬁf%ﬁ 0 13.08+0.55 ¢ 1192.8+92.7c 41.17-+1.57ab
Xinaiqing 3 11.65+1.06b 706. 81+68. 9a 33.65+5.03a
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