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Abstract: The objective of this study was to clarify the ecological stoichiometry characteristics of leaves and litter in
different plant communities in the Yongli colliery reclamation area. Leaves and litter were collected and organic carbon
(C) total nitrogen ( N) total phosphorous ( P) and total potassium ( K) content were measured.Plant nutrient values
and restriction factors for the reclamation area were determined and nutrient cycling between leaves and litter was
investigated. The results indicated that: (1) There were significant differences in leaf C content among the different plant
types. C content was the highest in shrubs ( Platycladus orientalis ( L.) Franco 537.96 g/kg) and the lowest in herbs
( Astragalus adsurgens Pall. 423.73 g/kg) . Leaf N P and K content did not differ significantly between plant types. In

contrast there were significant differences between plant types for the N and P content of the litter. C content was
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significantly higher in Hippophae rhamnoides Linn. ( 417.84 g/kg) than in A. adsurgens and Caragana korshinskii Kom. N
content was the highest in A. adsurgens (20.30 g/kg) and the lowest in C. korshinskii whereas P content was the highest in
A. adsurgens (1.57 g/kg) and the lowest in H. rhamnoides. K content was significantly higher in A. adsurgens ( 6.31 g/kg)
than in H. rhamnoides and C. korshinskii. C N P and K content were higher in the leaves than in the litter. The
resorption efficiencies of N P and K was in the range of 5.17—50.16% 4.19—6.41% and 11.27—23.24%

respectively. N resorption was significantly higher in H. rhamnoides than in C. korshinskii and A. adsurgens P resorption
was the highest in A. adsurgens and the lowest in C. korshinskii and K resorption was the highest in H. rhamnoides
(23.24%) and the lowest in C. korshinskii; and ( 2) Shrubs and herbs had an N/P ratio>16. This finding indicates that the
growth of these plants was primarily limited by P. In contrast macrophanerophytes had an N/P ratio<14 which indicates
that growth was primarily limited by N. Combined with C N and P content in the soil leguminous plants should be

planted in the early stage of vegetation restoration followed by shrubs or macrophanerophytes.

Key Words: vegetation restoration; nutrient cycling; leaf; litter; ecological stoichiometry
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5—10a
( ( Pinus tabulaeformis Carr.) . ( Platycladus orientalis ( 1.) Franco) ) . (
( Hippophae rhamnoides Linn) . ( Caragana Korshinskii Kom.) ) . ( ( Astragalus
adsurgens Pall.) | ( Medicago) ) o
1.2
2013 9 N o
9 ( 1) 3 100 m
I mX1 m 5 mX5 m 10 mx10 m N
o ( 2
5 o ( )
( Hippophae rhamnoides Linn.) . ( Astragalus adsurgens Pall.) . 3 o
300 g 105°C 15 min 65C o “s”
9 0—10 ecm 10—20 cm o
1
Table 1 The information of sampling points
Serial number Plant communities Location Elevation/m
1 + + ( ) 39°41°49.21"N.110°17°3.38"E 1402
2 + 39°41°52.11"N.110°16°54.97"E 1402
3 + 39°41°59.43"N.110°16"59.83"E 1406
4 39°41°58.24"N.110°17°18.54"E 1405
5 + 39°41°57.09"N.110°16"32.18"E 1397
6 39°41-20.03"N.110°14°48.16"E 1422
7 39°41°41.88"N.110°14°42.12"E 1429
8 + 39°41-23.31"N.110°16°5.95"E 1413
9 + 39°41-20.78"N.110°16°10.48"E 1403
2
Table 2 Species lists of collected plants
Species Life form Family
Hippophae rhamnoides Linn.
Caragana Korshinskii Kom.
Astragalus adsurgens Pall.
Medicago
Platycladus orientalis ( L) Franco
Pinus tabulaeformis Carr.
1.3
0.15 mm N N N o
; N . H,S0,-H,0,
( KDY-9830) ( UV-2450) 2,

T
R= " x100%
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R (%);T (g/kg) ;T (g/kg) o
: ( KDY-9830) ; -
( UV-2450) =,
1.4
SPSS 20.0 . ( One-Way ANOVA)
Excel 2013 Origin9.0 o
2
2.1 C.N.P.K
3 C 423.73—537.96 g/kg 483.16 g/kg
10.04%; N 15.96—29.01 g/kg 23.36 g/kg 21.18%; P
1.13—1.94 g/kg 1.43 g/kg 20.22%; K 5.18—10.52 g/kg 7.93 g/
kg 25.54%.
C N N N N
( P<0.05) ;N P i NP
. K o
3 C.N.P.K
Table 3 Nutrient contents in leaf under different plant
Plants Total C/( g/kg) Total N/( g/kg) Total P/( g/kg) Total K/( g/kg)
Hippophae rhamnoides Linn. 492.28+20.89% 29.018.56a 1.440.59a 6.88+0.63ab
Caragana Korshinskii Kom. 502.49+2.99 27.01+3.43a 1.130.10a 10.06:0.86ab
Astragalus adsurgens Pall. 423.73+32.98b 21.93+7.02a 1.40x1.10a 7.78+2.80ab
Medicago 424.32+36.89b 26.32+10.10a 1.18+0.48a 10.52+4.71a
Platycladus orientalis ( L.) Franco 537.96+11.65a 19.95+0.08a 1.94:0.01a 7.16£0.25ab
Pinus tabulaeformis Canr. 518.2068.88a 15.96+0.16a 1.51+0.06a 5.18+0.34b
C.N.P.K ( P<0.05)
4 3 C 320.23—417.84 g/kg 359.9 g/kg
14.25%; N 15.19— 20.30 g/kg 17.53 g/kg 14.74%; P
0.96— 1.57 g/kg 1.22 g/kg 25.99%; K 3.91—6.31 g/kg
4.85 g/kg 26.43%
C N ( P<0.05) ;N
N . ( P<0.05) ;P N .
( P<0.05) ; K ( P<0.05) .
4 C.N.P.K
Table 4 Nutrient contents in litter under different plant
Plants Total C/( g/kg) Total N/( g/kg) Total P/( g/kg) Total K/( g/kg)
Hippophae rhamnoides Linn. 417.84+29.01b 17.09+7.52b 0.96+0.73a 3.91£2.28a
Astragalus adsurgens Pall. 341.64+32.41a 20.30+5.69¢ 1.5720.67c 6.31x1.94b
Caragana Korshinskii Kom. 320.23+2.28a 15.1922.051a 1.12£0.12b 4.3320.67a
C.N.P.K ( P<0.05)
2.2
1 C/N.C/P.N/P 18.32—32.44,
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Fig.2 The characteristics of ecological stoichiometry in litter under different plan
C:N:P:K ( P<0.05)
3 9 N 5.17—50.16% > > o P
4.19%—6.41% > > . K 11.27%—23.24% >
2.3 C.N.P.K
5 C C/K
: C/P.C/K ( P<0.01) ; p C/N
N/K ( P<0.01); K C/N (P<
0.01) .
6 C N/P.N/K ( P<0.05) :
N C/P.C/K ( P<0.01) ; P C/N.C/K
( P<0.01) ; K C/N.C/P ( P<0.01) .
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Table 5 Pearson correlations between C.N.P .K nutrient and the characteristics of ecological stoichiometry in leaf under different plant

Ttems Total C Total N Total P Total K C/N C/P C/K N/P N/K P/K
Total C 1.000 -0.104 -0.180 -0.254 0 0.052 0.548** -0.089 0.219 -0.036
Total N 1.000 0.533**  0.571**  -0.9377* -0.758** -0.461** 0 0.348" 0.210
Total P 1 0.062 -0.526** -0.879** -0.139 -0.783**  0.418** 0.870**
Total K 1 -0.535"*-0.291  —0.854** 0.283  -0.540** -0.402"

C/N 1 0.715*  0.552** -0.052  -0.32 -0.219
Cc/P 1 0.267 0.621* -0.389" -0.646™*
C/K 1 -0.231 0.580** 0.315
N/P 1 -0.284 -0.820**
N/K 1 0.657**
P/K 1

*% 0.01 ( ) * 0.05 ( )

6 C.N.P.K

Table 6 Pearson correlations between C.N.P .K nutrient and the characteristics of ecological stoichiometry in litter under different plant

Ttems Total C Total N Total P Total K C/N C/P C/K N/P N/K P/K
Total C 1 -0.445  -0.653** -0.702** 0.612*  0.667*F  0.758**  0.520" 0.589" -0.144
Total N 1 0.867°*  0.708** -0.821** -0.616"* -0.656"* -0.267 -0.017 0.245
Total P 1 0.688** -0.668** —0.785™* -0.633"* -0.605"* -0.224 0.559°
Total K 1 -0.708** —-0.694™* -0.879** -0.444 -0.664** -0.125

C/N 1 0.612**  0.875**  0.172 0.164 0.052
C/P 1 0.777**  0.858**  0.576" -0.443
C/K 1 0.463 0.616** 0.119
N/P 1 0.657** -0.0560"
N/K 1 0.182
P/K 1
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C.N.P.K
I C-N.
P.K o N.P.K
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3.2
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32 33
o C/N  Elser JJ 398
; C/P 3“ . o C/N
C/P N N.P
N N.P o
N P N/P .
N/P o,
N/P<14 N N/P>16 P N/P N P
N/P ' N P N/P Han
25 27
. ( ). (. )N/P>16 .
P, . N/P<14 N *ON/P
( 5—10 a) .
C/P. C/N.C/K .
. ( 4) . N.P 3
N/P. ( 3) 3 N/P .
(7 N
N o - -
21
7 C.N.P
Table 7 Comparisons between soil C.N.P across Yongli Colliery reclamation area and other studies
Different soil /(g/kg) /(g/kg) /(g/kg)
Study area lay*;'r;/c;n Organic carbon Total N Total P Data sources
0—10 5.5680+0.3968 0.249+0.108 0.421+0.021
Yongli colliery reclamation area in 1020 2.9632+0.1654 0.205+0.078 0.403+0.002
Inner Mongolia
Rangeland in
X 0—10 16.93+0.97 1.01+£0.38 0.110+£0.018 37
Inner Mongolia
10—20 11.48+1.31 0.77+0.049 0.083+0.019
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