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Physiological and biochemical responses of Chenopodium album to Drought
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Abstract : Drought is one of the stress conditions that often severely effects plant growth. The loss of agricultural production
due to drought stress is estimated to nearly equal the total losses caused by all other environmental stresses. In this study. the
physiological and biochemical responses of Chenopodium album 1.. under artificially simulated drought stresses were examined
to provide a theoretical basis for effectively increasing agricultural production in arid areas.

C. album L.. was grown from freshly harvested seeds under natural light. Twelve pots of plants showing similar growth
were divided into 4 groups and treated with different levels of drought stress by controlled irrigation: no stress (control),
watered once a week for 4 weeks; light stress. watered once a week for the first 3 weeks; moderate stress, watered once a
week for the first 2 weeks; severe stress, watered once in the first week only. Each time the water was allowed to fully
saturate the moisture capacity of soil. The pots were protected from exposure to rain. Leaf samples were taken after the fourth
week (the final week) of the experiment. The following parameters were determined: relative water content (RWC) . free
water content (FWC), bound water content (BWC), soluble sugars, free proline, K*, Ca’", malondialdehyde ( MDA) and
free ascorbic acid (ASA),membrane permeability, the production rate of O, » and activities of superoxide dismutase (SOD)
and peroxidase (POD). The relative water content in leaves of the control, lightly-stressed, moderately-stressed and severely-
stressed plants were 94.07%, 87.01%, 76.35% and 64.03%, respectively. The water content in soil 5~ 7 cm under the

surface in the 4 groups of pots at the same time were 23.33%, 16.92%, 10.82% and 7. 73% , respectively. Under moderate
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drought stress, the RWC and FWC in leaves were decreased while the BWC was increased. The activities of SOD and POD in
leaves reached the highest level among the four treatments. Membrane permeability, MDA content and the O; production rate
in leaves declined; whereas osmoregulatory molecules such as soluble sugars, proline, K™ and Ca*' in leaves accumulated
rapidly, indicating that C. album has the ability to adapt to drought stress by regulating the internal osmolarity and protecting
the membrane. Under severe drought stress, however, the O, production rate and the MDA content increased remarkably,
causing membrane damage and increasing membrane permeability of leaf cells. The activities of SOD and POD were initially
increased as compared to those under the moderate drought stress and then declined; ASA content was also decreased. These
results suggest that C. album is vulnerable to damage by severe drought stress.

Key words : Chenopodium album ; drought stress; osmoregulatory molecules; membrane lipid peroxidation; protective enzyme

’ ) b ° ’ ’
s s [2] 3 [3] s
’ - o
1
1.1
(Chenopodium album) 2000 . 25cm, 23cm,
29.8%, 2001 2 25 s 5 2, 12 . . N N
N 4 s s s 3 . 1,
1
Table 1 Treatment of Chenopodium album
Treatment ) 7  May 7 5 14 May 14 5 21 May 21 5 28  May 28
Control + + + +
Light stress + + +
Moderate stress + + o
Severe stress + — — —
+ s 29. 8% , The water was allowed to fully saturate the moisture capacity of soil,the water content of
soil was 29. 8% after irrigating; — no water
4 s s
. s .6 21 ( 3 ) .
1 3~8 o 5~T7cm o 3
. 3 . 2004 o
1.2
(RWO) ; (FWC) (BWCO) 4,
3,5- 51y LK. Ca?t 0. 25g
. 20ml 1mol/L HCI 24h, LK FlsCa?
( ) A 0;
e, (MDA) fo3, (SOD) NBT iy
(POD) bed, (ASA) 2,6 i) .
2

2.1



6 21 ), , >

4 :23.33%.16.92%.10.82%.7.73%. & 100 - —— RWC
] - —&— BWC
:94.07% .87.01% .76.35% . Es 80 —a FWC
64.03%C 1), Hsiao" . T F
60 -
: 0 g o
b4
1 . , ’ 40
§ o0
3
° W 20+
. x -
g 0 | L ! |
2.2 + R BERNA REHE EERA
2.2.1 Control Light Moderate  Severe
T stress stress stress
, K™,Ca®" ¢ 2),K* s , TR YHARE Intensity of drought-stress
1.25,1.54,2.50 ; Ca*’ 1
s s 3.50 ,6.30 ,9.67 Fig. 1  Effects of drought stress on water status in leaves of
, Ca?t K* Chenopodium album
2.2.2 3 %‘3 08 ks
B 07 B ]
b L] o O
g 06
b b b 53 05 -
Wi -
. ﬁﬁ g 04
:‘ L]
G :—0. 99304 ,—0. 96009 ), 8% 03
© 02t
(r ;0. 98582,0.99381) . .
Mato01 |
i M
i 0 Suse I | ! 1
MR BEEMNA P ERE B

’ ° Control  Light - Moderate Severe
stress stress stress

2.3
F R W a B Intensity of drought-stress
2.3.1 4 s
2 K*.,Ca?"
Fig. 2 Effects of drought stress on content of K ,Ca®" in leaves of
_ ' Chenopodium album
i Oy
(MDA) C 5
0; , 105 - <8
. ' 2i ol 17 8¢
0; , g 8 J6 =8
B2 75 | 1s 2%
_ g 65 |- P ‘ﬂﬁ
(O (r i 55 |- (ﬂ.’(§
- # Eg 45 —a— 13 @&
0. 96860, 0. 84186) ; O; MDA ®3 35 |- 42 Kg
F2 25 —-wmes | £3
(- 0.94948), g 5L . . . 0o &S
o7 MDA = WR BEMI FRME ARG
Control  Light Moderate Severe
o stress stress stress
2.3.2 F R W3 Intensity of drought-stress
(SOD), (POD) o 3
¢ 6 R .SOD.POD Fig. 3  Effects of drought stress on organic solutes in leaves of
Chenopodium album
SOD.POD s 3 SOD,.POD s
(ASA) b, 7 ) ) ASA , Price

sl . ASA , ASA



10 2559

35 P

£z 30 S &

= o B
- 35 308 .
5§ 25 ‘ig MDA 25 8 ©
] g 830 O ?9 o
W o 20| =S 20 < 8
£ g 2s 158 3
ES 15 sz R
% <8 ” 1.0 ¥ 3
gl 8 < 05 % 8
t'g 5L itg 15 L L 1 0o H 2

c) = B REME ERE RERE -

L A 1 i Control Light Moderate  Severe ‘S

pugi] BEME TEME BB - stress stress stress
Control Light Moderate  Severe TR A Intensity of drought-stress
stress stress stress
T 2438 7% BE Intensity of drought-stress
5 . MDA
4
Fig. 4 Effects of drought stress on relative membrane permeability =~ Fig. 5  Effects of drought stress on the producing rate of Oand

in leaves of Chenopodium album

MDA content in leaves of Chenopodium album

17 -~ 25 § e
S en Y
8o 131 &0 2812+
Eo“fh_ - 15 E)u- 35 10 F
sahl Sz e
(=] -
sEor q110%E «ioel
2 7} 93 58
< —=— SOD s =< << 04
o sl —e— POD b %02 |
. 3 I L I ‘g £ 0 1 L TS —
gt PEMA PERE EERE o MR O REEE TERE EERE
Control Light Moderate Severe Control Light Moderate  Severe
stress stress stress stress stress stress
F 28R Intensity of drought-stress TR RAE Intensity of drought-stress
6 SOD.POD 7 ASA

Fig. 6

of Chenopodium album

,Ca®"

POD,CAT
,SOD

H,0,

Effects of drought stress on activity of SOD,POD in leaves

Chenopodium album

[18]

0O;

H,O, ,

[16]

SOD 05

[20]
o ’

Fig. 7 Effects of drought stress on the content of ASA in leaves of

H.0,,



2560 25

. O, SOD ., O; . , MDA
, ; SOD . . MDA 0O;
. POD SOD , SOD  POD .
ASA . 0, , - OH, 10, H,0,, Vg 10,
,ASA Vi, , ASA (211, ASA .
ASA B , ASA
,SOD,POD , . MDA
0, , .
References :

[1] LiL, LiKL,Shi HL, et al. Premature plant of Chenopodium album. Chinese Resource of Wild Plant,2002,1:65.

[ 2] Zhang J H.Yang R M,ZhouY J.et al. Studies on fatty acids and morphology of seeds from saline soil area. Journal of Central University
for Nationalities Natural Science, 2002,11(2):133~136.

[3] Sun C H. Effect of simulated drought inducement on drought resistance of Chenopodium album. Chinese Journal of Appled Ecology.
1999,10(1):16~18.

[4] Zhang Z L. Experimental Manual of Plant Physiology(second edition). Beijing: Higher Education Press, 1991. 1~3,6~8,154~155.

[5] BaiBZ, Sun C H, Tian W X. et al. Experimental Manual of Plant Physiology (second edition). Beijing: Chinese Agricultural Press.
1998. 59~60.

[ 6] Zhang D Z,Wang P H and Zhao H X. Determination of the content of free proline in wheat leaves. Plant Physiology Communication 1990,
(4):62~65.

[ 71 Sun C H.Modified colorimetric analysis of measuring K¥ content of plant. Plant Physiology Communication,1988,(3):74~75

[ 8] Shanghai Society for Plant Physiology. Experimental Manual of Plant Physiology. Shanghai: Shanghai Scientific and Technical
Publishers, 1985. 67~70.

[9] LuoGH, Wang A G and Guo J Y. Effect of some factors on superoxide dismutase activity in soybean seedling. Acta Phytophysiologica
Sinica ,1990, 16 (3) :239~244.

[10] Zhang C L,Yang C D and Liang H G. The relationship between senescence and membrane-lipid peroxidation in detached cotyledons of
radish. Acta Phytophysiologica Sinica +1990,16 (3): 227~232.

[11] Shanghai Institute of Plant Physiology of Chinese Academy of Science. Shanghai Society for Plant Physiology. Modern Experimental
Manual of Plant Physiology. Beijing: Science Press, 1985. 67~70.

[12] Bai BZ, Sun C H and Tian W X. Experimental Manual of Plant Physiology(second edition). Beijing: Chinese Agricultural Press, 1998.
79~81,107~108.

[13] Hisao T.C. Plant responses to water stress. Ann. Rew. Plantphysiology.1973,24: 519~ 570

[14] Liu P and Yang Y A. Effects of molybdenum and boron on membrane lipid peroxxdation and endogenous protective sytems of soybeen
leaves. Acta Botanica Sinica,2000,42(5) :461~466.

[15] Price A H, Hendry G A F. Iron catalyzed oxygen radial formation and its possible contribution to drought damage in nine native grasses
and three cereals. Plant Cell Environment, 1991,14:477.

[16] Pan R Z and Dong Y D. Plant Physiology(third edition). Beijing: Higher Education Press,1983. 7~38.

[17] Sun C X, Sheng X Y andLiuZ G . Status and advancees in studies on the physicalogy and biochemistry mechanism of crop drought
resistance. Rain Fed Crops,2002,22(5):285~288.

[18] Wang X, Hou P and Yin L. K. Plant adaptation on physiology under drought stress. Arid Zone Research ,2001,13(2):42~46.

[19] Zhang M K Chen Q R and Yu S L. . Mathematics analysis for the activity oxygen metabolism in the drought-stress leaves of sugarcane.
Acta Agronomica Sinica, 1996,22(6) :729~734.

[20] Jiang M Y,Jing J H and Wang S T. Water stress and membrane-lipid peroxideation in plant. Acta Universitatis AgriculturalisBoreali-
Occidentalis, 1991,19(2) :88~94.

[21] Jiang M Y and Guo S C. Oxidative stresss and antioxidantion induced by water deficiency in plants. Plant Physiology Communication ,

1996,32(2):144~150.



10 : 2561

[22] Seel W E,Hend ry G A F and Lee J A. Effects of desiccation on some oxygen processing enzymes and antioxidants in mosses. J. Exp.

Bot. , 1992,43:1031.

(1] . . .o . ,2002, (1) ,65.

[2] . . . . ( ),2002,11(2) :133~136.
[3] . . ,1999,10(1):16~18.

[4] . ( ). : ,1991.1~3,6~8,154~155.

[5] . . .o (G ) ( ). : ,1998. 59~60.

[6] . . . . 1990, (4) :62~65.

L7] . . , 1988,(3):74~75.

[8] . . : . 1985. 67~70.

[9] , . . SOD . , 1990, 16 (3) :239~ 244.

[10] , , . . , 1990, 16 (3) :227~ 232.

[11] . . . : ,1999. 314~315.
[12] . . .o C . Y2 ). : ,1998.79~81,107~108.
[14] . N . 12000,42(5) :461~466.

[16] , . C 3 ). : ,1983. 7~8.

[17] . . . . ,2002,22(5) : 285~ 288.

(18] . . . . ,2001,13(2) :42~46.

[19] . . . . ,1996,22(6):729~734.

[20] , , . . ,1991,19(2) :88~94.

[21] s . . ,1996,32(2):144~150.



