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Table 1 Soil physiochemical properties of grasslands different in enclosure history

Number of years  Soil depth Bulk density Soil moisture Organic carbon Total N Total P
of enclosure a cm gem™® % g kg™ g kg™ g kg™
1 0 20 1.18+0.02Ab 15.6620.27Aa 16.15+1.12Ab 1.75=%0.16Ac 0.6820.09Aa
20 40 1.09=+0.00Bb 14.07+0.18Ab 10.74+1.21Bb 1.224-0.14Bb 0.58+0.05Ab
12 0 20 1.15+0.03Ab 18.0620.34Aa 12.8842.29Ac 1.41=+0.27Ab 0.66+0.07Aa
20 40 1.09+0.02Bb 8.53+0.27Aab 9.58+2.28Bb 1.0940.28Bb 0.61+0.06Ab
20 0 20 0.88+0.00Aa 16.58+0.37Aa 22.37=%3.65Aa 2.48+0.47Aa 0.74=0.10Aa
20 40 1.02+0.02Bab 14.43+0.41Ab 18.454-4.00Ba 2.12+0.43Aa 0.7020.08Aa
30 0 20 0.85+0.01Aa 21.92+0.41Aa 21.90*+1.90Aa 2.28%+0.22Aa 0.68+0.07Aa
20 40 1.01+0.06Ba 13.4540.32Aa 17.13+2.46Ba 1.86+0.23Ba 0.66=+0.11Aab
p 0.05
p 0.05 Note The different lowercase letters affixed to the data denote significant difference at 0.05 level between soils

the same in soil layer

but different in enclosure history.The different capital letters affixed to the data denote significant difference at 0.05

level between soils the same in enclosure history but different in soil layer. The same below
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Fig.1 C N P in the soil relative toenclosure history
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0.05 Note The different letters denote significant

difference at 0.05 level between soils different in enclosure
history the same below
2
Fig. 2 Carbon nitrogen and phosphorus in plant roots relative

to enclosure history
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Fig.3 C N P in plantroots relative to enclosure history
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2
Table 2 Correlation analysis of C N and P contents and stoichiometric ratio in the soil and plant root
C N c P N P C N CcP” N P”
1 0.966** 0.927** — — 0.126 0.636* 0.148 -0.554 -0.018 0.594 0.666*
0.991** — 0.924** — 0.709* 0.087  -0.529 0.083 0.615*  0.606*
0.988** — — 0.752**  0.062  -0.481 0.129 0.598 0.544
0.991**  0.564  0.773**  0.057 -0.427 0.151 0.572 0.490
C N
0.659* 0.760**  0.114  -0.373 0.109 0.528 0.472
cC P
0.491 0.161 0.158 0.059 0.053  -0.037
N P
-0.180 -0.308 — — 0.252
0.396 — -0.429 —
-0.330 — —
0.479  -0.238
C N
0.719*
c pY
1
N P®
*xx 0.01 0.05 ez Note **denotes
very significant difference at 0.01 level *denotes significant difference at 0.05 level ““—7””denotes auto-correlation unsuitable for
Correlation Analysis.  Soil organic carbon Soil total N Soil total P C N in soil C P in soil N P in soil Root
total C Root total N Root total P C Ninroot @C Pinroot @N P inroot
16-17 31 19 2
SOC 12
TN TP 13.09 1.50 1 20 30
0.51 g kg™* 12
12.88 1.41 0.66 g kg™* 20
C N
18
21 C
C
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N P Gisewell * 2004
N P
N P 10 C N 28.07%
N P 20 N P c P 22.38% N P
N P 1.80 3.03 22.79% C N cC P
2.44 10 N P 2
N 30 C N N P
N P CP C N C N N P
C N P N C N N P
C N
12 1 C P NP
3.3 C N P
3.2 C N P
23 C N
P
8 C C
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Ecological Stoichiometric Characteristics of Grassland Soils and Plant Roots
Relative to Enclosure History on the Loess Plateau

ZHAO Xiaodan® ® ZENG Quanchao’® AN Shaoshan' ** FANG Ying> MA Rentian®

1 State Key Laboratory of Soil Erosion and Dry Land Farming on Loess Plateau Research Center of Soil and
Water Conservation and Ecological Environment CAS and Ministry of Education Yangling Shaanxi 712100 China
2 College of Natural Resources and Environment Northwest A & F University Yangling Shaanxi 712100 China

3 University of Chinese Academy of Sciences Beijing 100049 China

Abstract Objective The knowledge about vegetation succession is essential to vegetation
restoration especially in steppe regions on the Loess Plateau. Recently stoichiometry has been effectively
used to illustrate plant community succession and vegetation restoration. Balance of carbon C nitrogen

N and phosphorus P in plant has been a hotspot of the research on biogeochemical cycle and
plant ecology. However most of the studies have focused on nutrients in plant leaves and few did on the
elements in plant roots let alone on ecological stoichiometrical characteristics of the soils and plant roots
in steppe regions under enclosure on the Loess Plateau relative to enclosure history. Method This
paper explored ecological stoichiometrical characteristics of the soils and plant roots in grasslands different
in enclosure history 1a 12 a 20 aand 30a on the Yunwu mountain of Ningxia Province. The steppe
region under study is located between 106°26'E and 106°30'E and between 35°59'N and 36°02'N. The
YunwuMountain lies across the center of the Loess Plateau with an altitude ranging from 1 000 to 1 800 m
above sea level. The study area has a semi-arid climate characterized by heavy seasonal rainfalls causing
recurrent flooding and drought with mean annual temperature being 5 and mean annual precipitation
being 445 m. The typical natural vegetation of this region is grassland. Samples of the soils and plant roots
in the region were collected and analyzed for organic carbon SOC total nitrogen TN and total
phosphorus TP and their stoichiometrical ratio and interrelationships using the time-space substitution
method based on the principles of stoichiometry. Result Result show that with the enclosure going on
soil bulk density decreased gradually SOC and TN varied more significantly while TP did less. In the
early years of enclosure SOC and TN declined first and then rose till the enclosure reached 20 or 30 years
old when they leveled off. Soil organic carbon total nitrogen and total phosphorus varied in the range of
12.88 22.37 1.41 2.48 and 0.66 0.74 in the 0 20 cm soil layer and in the range of 9.58 18.45
1.09 2.12 and 0.58 0.70 in the 20 40 cm soil layer respectively. Soil C N C P and N P ratio
varied in the range of 9.04 9.63 19.62 32.27 and 2.14 3.37 respectively inthe 0 20 cm soil layer
and in the range of 8.68 9.22 15.74 26.32 and 1.80 3.03 respectively in the 20 40 cm soil layer.
Soil organic carbon total nitrogen and total phosphorus were significantly correlated with each other. C
N and P concentration in the roots varied in the range of 357.6 to 381.4 g kg™* 7.35 to 8.18 g kg™ and
0.54 to 0.70 g kg™* respectively. In the root C concentrations increased gradually with enclosure going
on whereas N and P concentrations were lower than the world % average. C N C P and N P ratio in
the root varied in the range of 44.52 59.02 574.7 793.9 and 10.87 15.14 respectively during the
period of enclosure showing that C N varied more drastically while C P and N P did less. Ecological
stoichiometric characteristics of C N P in plant roots were more affected by soil than by the root per se.
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Soil TP affected the ecological stoichiometrical characteristics of carbon nitrogen and phosphorus in plant
roots p 0.01 more significantly than soil TN did p 0.05 . Besides the vegetation in this region
tended to be restrained by soil N concentration after the grassland was enclosed.  Conclusion The study on
effects of enclosure on C N and P in the soil and plant root of the grassland their ecological stoichiometric
characteristics and interrelationships may provide some scientific bases for the study on material recycling in
the grassland ecosystem and nutrient restraints in the vegetation ecosystem and some scientific references for
accurate evaluation of ecological benefits of the policies or strategies of““Grain for Green””and““Enclosure of
grassland””.

Key words Yunwu Mountain Enclosure history Soil Plant roots Ecological stoichiometry C N P
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