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Effects of exogenous proline on the growth of wheat seedlings under cadmium stress. SONG
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University , Qufu 273165, Shandong, China). -Chin. J. Appl. Ecol. ,2013 ,24(1) . 129-134.

Abstract; Taking high protein wheat variety ‘ Beinong 9549’ as test material, this paper studied
the effects of foliage-spraying different concentration (0, 1.0, 5.0 and 10.0 mmol + L™") proline
on the growth and heavy metal uptake of wheat seedlings under cadmium stress. Under the stress of
1.0 mmol + L™" of CdCL,, the root length, plant height and dry mass, leaf chlorophyll a and b and
carotenoid contents of the seedlings decreased significantly by 24.0% , 15.0% , 27.5% , 23.3% ,
6.7% and 30. 8% , respectively, the leaf superoxide dismutase ( SOD) activity decreased by
18.4% , the leaf proline, ascorbic acid and malondialdehyde ( MDA) contents and the membrane
permeability increased significantly by 78. 6% , 31. 5% , 17.9% and 24. 8% , respectively, the
leaf peroxidase (POD) activity was 2.4 folds higher, and the Cu uptake was promoted while the Zu
absorption was inhibited, compared with the control. With the increasing concentration of sprayed
proline, the root length, plant height and dry mass, and leaf chlorophyll a and b and carotenoid
contents increased gradually to the levels of the control, the leaf proline and ascorbic acid contents
and the leaf SOD activity increased, the leaf soluble protein content decreased after an initial in-
crease, the leaf POD activity, MDA content and membrane permeability decreased, and the Zn ac-
cumulation increased while the Cd and Cu accumulation decreased. In sum, foliage-spraying pro-
line could alleviate the cadmium stress on the growth of wheat seedlings, and spraying 5.0-10.0
mmol -+ L™ of proline could obtain the best effect.

Key words: proline; cadmium stress; heavy metal; wheat.
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Table 1 Effects of exogenous proline on morphology index
of wheat seedlings under Cd stress
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Table 3  Effects of exogenous proline on osmotic adjust-

b3 Bk UASN 73]
Treatment Dry mass Root length Shoot height
(mg) (cm) (em)
CK 0.16+0.01a 25.87+1.92a 33.38+1.07a
T, 0.10+0.01b 19. 67+1.94b 28.38+1.38b
T, 0.10+0.01b 28.10+1. 36a 30.04+1. 17b
Ts 0. 11+0. 00b 25.83+0. 69a 28.94+0. 95b
Tyo 0. 14+0. 00a 28.13+1.91a 33.84+0. 43a

AR R R AL FA) 22 5 1 3 (P<0. 05) Different letters meant sig-
nificant difference among different treatments at 0. 05 level. F [d] The

same below.
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Table 2 Effects of exogenous proline on leaf photosynthetic
pigment contents of wheat seedlings under Cd stress

ment material contents of wheat seedlings under Cd stress

fb 3 HH R PR IR AU 2R
Treatment Protein Ascorbic acid  Endogenous proline
(mg-g™") (ng-g™") (mg-g™")
CK 6.66+0. 19b 6.39+0. 26¢ 0. 14+0.01d
T, 6.91+0.23b 8.40+0. 18b 0.25+0.01¢
T, 7.61+0.01a 8.08+0. 09b 0.34+0.01¢
Ts 7.62+0. 12a 8.48+0. 17b 0.93+0. 00b
Tio 7.60+0. 22a 9.70+0. 34a 2.38+0.0la

31. 5% , bififs MG IR 2 R TR BE A 7, 45 AL BT IR Il
PRt A A IR BT AT 1.3 ~ 1.5 1%
A TR /N S A P R 2R 1 i LR R
T 78. 6% , B % AR I 20 R vk B 1) T e, A5 b B
PRI 2R 1 e R TR A Y B TR
Herfr T AT AL ELSR A X IR A 6. 6 A1 17.0 f5. %
AR 0 AT LA /N 22 4 i 0 B R B I R R
PRI 2R 28 & T, it i AR = R & ik — 25
PE R FRAMNE T /N 4 v AR 1 BT O A I R RN P R
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2.4 AN N B 38 TR /N Wy i bR A
P MDA 7t SRS P 152 i)

3 4 TTLAE I, 53 A, fha T~ /N2 4
HH SOD 1M 2 R T 18. 4% it Jin 715 A =02
J& AR BE SOD 15 Pt 3 v T % B 5 B 0 1
T/NZ 4 SOD WM, it FH A 2 e W vl L3 =5 SOD
WP ERA T /NS R POD TE TR B E TR, N
TR 2.4 4% AR IR 2R IS , 45 4L B POD i
PR 5 25 R (RTS8 2 v X B T I AR s it n
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Table 4 Effects of exogenous proline on SOD and POD ac-
tivities, MDA content and cell membrane permeability of
wheat seedlings under Cd stress

kb SOD i POD ik MDA Fit  AIMIEEN:
Ab P ES S TS 9 KB PR Treatment ~ SOD activity ~ POD activity ~ MDA content Membrane
Treatment Chlorophyll a Chlorophyll b Carotenoid (U-g b (A - (mmol - &™) permeability

(mg-g™) (mg-g™) (mg-g™") ) (%)

CK 1.03+0. 05a 0.30+0. 00a 0.26+0. 00a CK 15.19+0.82b  8.24+0.70d 0.56+0.01b  26.38+0. 60c
Ty 0.79+0. 02b 0.28+0.01b 0. 18+0.01b Ty 12.39+0.24¢  19.42+0.05a 0.66+0.01a  33.03+0.9%4a
T, 0.97+0. 02a 0.30+0.01a 0.25+0.01a T, 18. 50+4. 50ab 13.03+0. 95b 0.50+0.02b  29.54+0.59h
Ts 1. 03+0. 02a 0.30+0. 00a 0.25+0.01a Ts 19.10£0.32a 12.05£1.95bc  0.51£0.01b  27.85+0. 75he
Tio 1. 01+0. 04a 0.31+0. 00a 0.26+0. 00a Ty 19.80+6.82a 11.56+1. 34c 0.51£0.01b  27.89+0. 86hc




132 NoH A

L% 24 %

o

x5 MNEREBRNEHMET NEYHESCESENZIT
Table 5 Effects of exogenous proline on heavy metal con-
tents of wheat seedlings under Cd stress

Jb 3 Cd & & Cu &1 Zn Gt
Treatment Cd content Cu content Zn content
(g g™h) (ng-g™h) (rg-g™h)
CK 0.87+0.31d 192. 67+1.86b  2621.00+87. 89a
T, 340. 86+21.41a 235.67+5.78a 642. 33+45. 96d
T, 258.31+11.09b 185.00+6. 81b 624. 33+30. 42d
Ts 212.92+7. 89¢ 167.00+6.35b  1164. 00+£67. 68c
Ty 193.55+16. 73¢ 165. 67+6.74b  1375.00+40. 87b
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MR 22 SR B 3 DB AR aa v] LA SR /N 22 D1 % Cu
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BEY WD T 4 R — BE S PR 0 i
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