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of sandy desertification on grassland
Zhu Zhimei' > Yang Chi' * Cao Mingming’ Liu Kang® Yang Lianan’

1 Ecology and Environment Science Department of life Science College Inner Mongolia University Huhhot 010021 China
2 Environment Science Department of Northwest University Xi'an 710069 China

Acta Ecologica Sinica 2007 27 1 0048 ~ 0057.

Abstract The study on the relationship between soil factor and physiological response of the plants is very important for
understanding ecosystem damaged mechanism from sandy desertification and improving efficiency of fathering sandy
desertification. However little is studied or made known about what are the key soil factors for different plant and the effect
of degradation level on the interactions between soil factors and physiological response of the plants under natural
environment on sandy grassland. The aim of the present study is to find the relationship between the soil factor and
physiological response of the plants under different desertification stage and the practical measure to fathering desertification

on grassland. Three-years research work is from 2001 to 2003 in DUOLUN County Xilin Gol Inner Mongolia. A series of
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degradation gradient or stage is established by clustering analysis and become [ I Il IV and V stage corresponding to
original vegetation OV  potential desertification PD  light desertification LD  moderate desertification MD and
heavy desertification HD  as well as corresponding to five community types of L. chinensis + Stipa kryovii + bunch
grass C. squarrosa + Agrostis cristatum A. frigida + A. cristatum + C. squarrosa + weed A. intramongolica +
weed and annual plant. Five community types were selected as the sampling sites. Choosing four common plant population

i. e. Leymus chinensis Cleistogenes squarrosa Artemisia frigida and Melilotoides ruthenica is to be provided with
comparative significance because their different physiological response to sandy desertification. The correlation analysis was
done between the soil factor 5 soil indexes and the physiological response of per plant population 7 physiological
indexes . The results showed as follows 1 In the course of the grassland sandy desertification L. chinensis being a
impressible type among four common plant population its physiological response had very significant correlations with the
soil moisture and C/N in soil than other soil indexes P <0.01 relatively. According to this it was proved that the soil
moisture and C/N in soil were the key factors to result in the damage on the physiological level of L. chinensis. Both its
MDA and ABA had more significant correlations than other physiological indexes with five soil indexes as a whole P <
0.01 . Therefore it is possible that ABA is important factor on damage. It may arouse the membrane lipid peroxidatic
reaction. 2 C. squarrosa and A. frigida being a resistant type only the C/N of soil among 5 soil indexes relation with
both MDA was consistent. And that their correlations were very significant P <0.01 . Both ABA relations with 5 soil
indexes were consistent. Similarly their correlations were very significant P < 0. 01 . The C/N in soil significantly
influenced physiological level of A. frigida. Furthermore the content of total N in soil the soil moisture and content of clay
in the soil were important to A. frigida. 3 M. ruthenica being a retarded type it was more sensitive to the soil physics
character the soil moisture and content of clay in the soil than the soil chemistry character the content of C total N and
the C/N in soil  suggesting that degradation of the soil nutritious elementary was not the leading factor of holding back its
growth . Tts MDA showed most significant correlation P <0.01 than other physiological indexes with five soil indexes as a
whole but its ABA did not show significant correlation with each of 5 soil indexes P >0.05 . 4 The result of
synthesizing the correlation analysis among the plants of various type showed that MDA and ABA in the plants responded
intensively to the stress of desertification environment. 5 For each of the stress resistant types there were differences in
the response mechanism to the soil factor under different desertification stage on sandy grassland. The impressible type
responded intensively to the soil moisture and C/N in soil. The response of the resistant type to the soil factor did not show
becoming dominant factor. Altogether the physiological response of the plants among four common populations had almost

significant correlation with the C/N in soil.
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Table 1 Community types of different desertification stages of sandy grassland during desertification process
Desertification stage Community type Constructive species
Original vegetation OV bunc;gmss * L. chinensis + Stipa hryovii + Leymus chinensis
Potential desertification PD +  C. squarrosa + Agrostis cristatum Cleistogenes squarrosa
Light desertification LD . Sq;rmm * A frigida + A. cristatum + Artemisia frigida
Moderate desertification MD + A. intramongolica + weed Artemisia intramongolica
Heavy desertification HD 1 Annual plant Chenopodium album
1.2.2
1 5 Leymus chinensis Cleistogenes squarrosa
Artemisia frigida Melilotoides ruthenica
-80°C
105°C 1h 65°C 24 h \Y
4 2
2 2001 8 0~5cm 5 ~10 em 10 ~20 em 20 ~30 cm
30 ~50 cm 0~10 ecm 10
~20 cm 3 CN 2002 2003 8
0 ~20 cm 2001 20 cm 0~20 c¢m

2001
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1.2.3
EC PRO MDA
SOD POD CAT ABA 2
SM
C S.C 0.3mm K,Cr,0, "
N S.N 0.3mm "
" Stokes
S. Clay <0.0lmm
3
1.2.4
2001 ~2003 Bivariate Correlations ANOVA
2.1
2 3
3 CN C/N E
Table 3 The soil moisture and the content of clay C N C/N in soil under different desertification stage mean + SD
C N CN
Desertification Soil moisture The content of clay The content of organic The content of total C/N 1in soil
stage SM S. Clay <0.0lmm Carbon in soil  S.C Nitrogen in soil S.N S.C/N
I 24.84 +3.96 12.53 £6.76 1.33+£0.82 0.16 £0.06 8.11
I 15.13 +2.68 4.86+£3.82 1.07 £0.58 0.08 +0.03 13.96
v 10.86 +1.83 2.49 £2.35 0.82+0.48 0.07 £0.04 12.36
Vv 4.28 £0.01 2.19+1.32 0.29 +0. 14 0.03 +0.02 28.17
2.2
P <0.05 4 C/N C
P <0.01 N P >0.05 C
C/N
C C/N N P >0.05
C C
C/N
P <0.01 P <0.05 N P <0.01
C P>0.05 C/N N
N C/N
C P <0.01 P>0.05
4 C/N CN
Table 4 Correlations between EC of the plants and soil moisture the content of clay C N C/N in soil
Correlation coefficient
Species SM CN S.C/N S. Clay C S.C N S.N
L. chinensis -0.361" -0.492 " -0.298 -0.517"" -0.184
C. squarrosa 0.285 0.294 0.348 " 0.350 " 0.242
A. frigida -0.329" 0.462 " -0.297 -0.263 -0.545"
M. ruthenica -0.45"" 0.329" -0.478 ** -0.461"" -0.441""
SM  soil moisture S. Clay the content of clay in soil S.C the content of organic Carbon in soil S.N the content of total Nitrogen in soil
* 0.05 indicates significant correlation P <0.05  * =* 0.01 indicates very

significant correlation P <0.01 the same below
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2.3
P <0.01
5 C/N P>0.05 C N
C N
C/N
C/N
C/N
5 CN C/N
Table 5 Correlations between PRO of the plants and soil moisture the content of clay C N C/N in soil
Correlation coefficient
Species
SM CN S.C/N S. Clay C S.C N S.N
L. chinensis -0.781"" -0.200 -0.716"" -0.926"" -0.587""
C. squarrosa -0.696 " -0.277 -0.628"" -0.849 " -0.498 "
A. frigida 0.318 -0.674 " 0.372** -0.185 0.464 "
M. ruthenica 0.395** -0.256 0.384 " 0.416"" 0.358"
2.4 MDA
MDA C/N P <0.01 6 N
P <0.01 MDA MDA
C/N C P <0.01 N P >0.05
C/N C MDA MDA
N P <0.01 P <0.01 C
P>0.05 C/N N MDA
MDA P <0.01
6 MDA CN C/N

Table 6 Correlations between MDA contents of the plants and soil moisture the content of clay C N C/N in soil

Correlation coefficient

Species
M CN SN S. Clay c  sc N SN
L. chinensis 0.655** -0.997 ** 0.719 ** 0.464 " 0.820 "
C. squarrosa ~0.376 " ~0.486 " -0.312 ~0.533 " ~0.197
A. frigida 0.485** ~0.947 ** 0.561 ** 0.275 0.684
M. ruthenica 0.646 ** ~0.772* 0.680 ** 0.535* 0.728*
2.5
SOD C/N C P <0.01 7
N P>0.05 P>0.05
C/N C SOD N SOD
POD CAT C/N P <0.01 89
C N P <0.01 C/N C
N POD CAT C/N POD
C CAT SOD C/N
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C SOD N
N SOD SOD POD
C/N SOD P <
0.01 P>0.05 CAT
SOD POD CAT 3
POD CAT
7 SOD CN C/N
Table 7 Correlations between activity of SOD of the plants and soil moisture the content of clay C N C/N in soil
Correlation coefficient
Species
SM CN S.C/N S. Clay C S.C N S.N
L. chinensis -0.224 -0.551"" -0.187 -0.370"" 0.287
C. squarrosa -0.231 —-0.398 ** -0.283 -0.328"* -0.196
A. frigida -0.245 -0.378"" 0.260 -0.178 0.312
M. ruthenica -0.382"" 0.192 -0.419"" -0.441"" -0.334 =
8 POD CN C/N
Table 8 Correlations between activity of POD of the plants and soil moisture the content of clay C N C/N in soil
Correlation coefficient
Species
SM CN S.C/N S. Clay C S.C N S.N
L. chinensis 0.474 -0.547 " 0.495 " 0.406 " 0.524 "
C. squarrosa 0.661 ** -0.576 ** 0.611"" 0.654 " 0.637 "
A. frigida 0.245 -0.192 0.230 0.264 0.221
M. ruthenica 0.596 ** -0.766 ** 0.523** 0.494 " 0.654 "
9 CAT CN C/N
Table 9 Correlations between activity of CAT of the plants and soil moisture the content of clay C N C/N in soil
Correlation coefficient
Species
SM CN S.C/N S. Clay C S.C N S.N
L. chinensis 0.648 ** -0.440"" 0.636 " 0.658 ** 0.603 **
C. squarrosa 0.205 0.259 -0.222 0.271 -0.234
A. frigida -0.491"" 0.518"" -0.487"" -0.443 "7 -0.525""
M. ruthenica 0.451 " -0.331" 0.593 ** 0.429 ** 0.511 "
2.6 ABA
ABA C/N P <0.01 10
C N P <0.01 C ABA
C P <0.05 N C/N
P >0.05 C ABA
ABA P <0.01
ABA P >0.05
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10 ABA CN C/N
Table 10 Correlations between ABA contents of the plants and soil moisture the content of clay C N C/N in soil
Correlation coefficient
Species
SM CN SN S. Clay o s.C N S.N
L. chinensis -0.780*" 0.380*" -0.745*" -0.842*" -0.672*"
C. squarrosa -0.321 0.224 -0.313 -0.337"* -0.295
A. frigida 0.723 " -0.816"" 0.755*" 0.613*" 0.798 **
M. ruthenica 0.211 0.186 0.206 0.222 0.197
3
. C/N
MDA ABA C/N
MDA  ABA
MDA ROS DNA &
ABA ABA
2o ABA
» ABA
mediater ABA
DNA 7
12
C C/N
N ABA 5
P <0.01 MDA C/N P <0.01
LD ABA
ABA %
ABA
29
12
C N C/N
C N
ABA P>0.05
7
5 7 MDA  ABA
MDA -0 Gayler 0 ABA
ABA “ ” *
ABA .
4 5
1 CAT 1 POD
1 ABA ABA “ " 2
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