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111°13" 111°20' 39°43" 39°49’
1025 1302m
53 7.6
231 459 mm 7—9
60% 70%
11
1992
8 Populus L.
Pinus tabuliformis
Erect milkvetch Medicago
sativa Linn.
Hippophae rhamnoides Caragana
korshinskii Kom. Amorpha fruticosa
Linn. 1
1.2
1 2013 9
1.1 20 m>=<20m 18
1
1
Table 1 General information of the sampling plots
Vegetation Number Species Family Latitude N Longitude E Altitude m
types
1 Pinaceae 39°47'11.01" 111°17'32.38" 1279
Forest Pinus tabuliformis
2 Salicaceae  39°47'15.76" 111°17'51.19” 1275
Populus L.
3 Leguminosae  39°47'20.45" 111°17'50.97" 1276
Robinia pseudoacacia L.
1 39°47'15.04" 111°18'0.18" 1275
Shrub Hippophae rhamnoides Elaeagnaceae
2 Leguminosae  39°47'27.55" 111°17'48.34" 1260
Amorpha fruticosa Linn.
1 39°47'15.76" 111°17'26.53" 1273
Grass Stipa bungeana Trin. Poales
2 Leguminosa 39°47'0.63" 111°18'0.75" 1274
Medicago sativa Linn.
3 39°47'41.35" 111°17'14.86" 1278
Agropyron cristatum Poales

Linn. Gaertn
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3 2
2.1
2
418.2 564.1 g kg™
300 g 105 15 min 477.6 g kg™ 7.19 33.21
65 g kg™* 22.39 g kg™
1.3 0.82 2.37 g kg™ 1.39 g kg™
0.15 4.98 32.77 g kg™
mm 12.65 g kg™
H,S0,-H,0, p 0.05
13
1.4 p 0.05
SPSS 20.0 8
One-Way ANOVA
Excel 2013
C N P K C N CP
N P CKNK P K 8
2

Table 2 Nutrient contents in leaves relative to species of the plant

Vegetation types Species TC gkg™ TN gkg* TP gkg™ TK gkg™
564.14+29.1a 7.79+3.05¢c 1.06=20.20cd 5.43+2.61d
Forest Pinus tabuliformis
446.5417.4de 21.18+10.36b 1.1240.37cd 15.40%5.31b
Populus L.
463.1429.1d 28.25+0.86ab 1.34=40.07bc 6.4440.65d

Robinia pseudoacacia L.

487.2428.1hc 33.21+4.04a 1.4940.19hc 8.42+4.01d
Shrub Hippophae rhamnoides
508.5+23.2b 28.72=+0.65ab 1.78=+0.01ab 13.350.66bc
Amorpha fruticosa Linn.
457.342.9d 7.19%+1.21c 0.8240.04d 4.98+0.01d
Grass Stipa bungeana Trin.
475.9430.0cd 29.80*+12.68a 2.37x0.77a 14.434+3.23b
Medicago sativa Linn.
418.2+7.9e 22.95+0.34b 1.18=+0.05cd 32.77%*=1.80a
Agropyron cristatum
Linn. Gaertn
+ p 0.05 Note Mean=SD. Different lowercase letters in the

same column indicate significant difference at 0.05 level
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1.18 20.98 g kg™*
7.55 g kg™
p 0.05
p 0.05
p 0.05
p 0.05 8
p 0.05 p 0.05
p 0.05
3 p 0.05
368.9 562.3 g kg™’
443.1 g kg™ 3.98 22.65
g kg™* 13.33 g kg™
0.58 0.97 g kg™ 0.83 g kg™
Table 3 Nutrient contents in litter relative to species of the plant
Vegetation types Species TC gkg™ TN gkg* TP gkg™ TK gkg™
562.3+45.8a 3.98+1.56¢ 0.58=+0.23e 1.18=+0.92f
Forest Pinus tabuliformis
418.4=%38.4b 8.07+0.07e 0.79=0.02bcd 20.98==0.20a
Populus L.
409.3=%10.5b 15.5540.92¢ 0.70=0.03cde 5.360.06e
Robinia pseudoacacia L.
368.9%71.1b 22.65=+1.34b 0.97=+0.10b 6.19+2.57d
Shrub Hippophae rhamnoides
438.1+43.6b 25.19+0.13a 1.38+0.06a 8.97=+0.02c
Amorpha fruticosa Linn.
451.4224.7b 8.764+3.32f 0.744-0.28cde 4.974+2.75d
Grass Stipa bungeana Trin.
452.1+22.0b 11.65+1.74d 0.6440.13de 1.74=+0.36f
Medicago sativa Linn.
444.3+4.4b 10.81+1.13d 0.83240.02bc 11.03+0.21b
Agropyron cristatum
Linn. Gaertn
+ p 0.05 Note Mean=SD. Different lowercase letters in the

same column indicate significant difference at 0.05 level

2.2

2.2.1

1

N P 7.16 22.45

16.16 34.19% P K
0.036 0.23 0.15
48.56% N K 0.70 4.55
2.28 65.24% C N

http //pedologica. issas. ac. cn



4 1007

14.92 64.44 29.60 N P P K
73.17% C P 218.54 557.36
385.44 31.11% C K N K
12.78 121.14 59.22 C N
60.62% p 0.05 C N
1 N P N
N P cC P
p 0.05 C K
Pt PL Rp Sh Ms Ac Hr Af
p 0.05 Note Pt Pinus tabuliformis PL Populus L. Rp Robinia pseudoacacia L. Sb

Stipa bungeana Trin. Ms Medicago sativa Linn. Ac Agropyron cristatum Linn. Gaertn Hr Hippophae rhamnoides Af
Amorpha fruticosa Linn.. Different lowercase letters represent significant difference in between ecological stoichiometry p 0.05 . The
same below

1

Fig. 1 Ecological stoichiometric characteristics of leaves relative to species of the plant
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1008
2.2.2 p 0.05
2 P K
N P 6.97 23.78 N K
1560 P K 0.076 0.64 p 0.05
021 N K 0.92 6.71 p 0.05 N
297 C N 16.09 160.28 p 0.05
52.47 C P 292.89 1096.02 cC P
624.38 C K 20.24 p 0.05 C
795.31 172.83 C K P K
C N NP C P 2.3
2 p 4
2

Fig. 2 Ecological stoichiometric characteristics of litter relative to species of the plant
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4

Table 4 Pearson correlations between content of C N P and K and eco-stoichiometric characteristics of the elements in leaves

N P P K N K C N c P C K
TC 0.274 0.324 0.554™ -0.112 -0.001 0.227
TN 0.854" 0.009 0.582" -0.921" -0.936" -0.513"
TP 0.490" 0.033 0.341 -0.662" -0.781" -0.400
TK 0.352 -0.804" -0.528" -0.408" -0.258 -0.779"

Note *p 0.05 **p 0.01

N P P K N K 5
p 0.01 C N cC P N P P KN KICNC P C K
C K N P
N P N K p 0.01 p 0.01 C P C N
P K C N C P C K p 0.01 C K p 0.05
p 0.05 C N CP C Objective P p
p 0.01 N P p 0.01 C N p 0.05
0.05 P K N K C K N P
P K C K N K p P K N K
0.01 C N p 0.05 C K p 0.01
5

Table 5 Pearson correlations between content of C N P and K and eco-stoichiometric characteristics of the elements in litter

N P P K N K C N c P C K
TC -0.070 -0.282 -0.280 -0.204 -0.214 -0.261
TN 0.783" -0.305 0.098 -0.659" -0.737" -0.412"
TP 0.318 -0.252 -0.103 -0.414" -0.602" -0.291
TK -0.191 -0.661" -0.774" -0.319 -0.450" -0.534"

Note *p 0.05 **p 0.01

3
464 g kg™
3.1 32
450 g kg™ '
358 451 g kg™ 7
1 499.5 g kg™t *®
1 126
1 438 g kg™
447 g kg™
1 534.1 g kg™t **
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20.1
g kg™t ** 20.24
g kg—l 23 32
16.06 g kg™ * 55 #
10.65 g kg™t *
80 24.20 g kg™ *®
3.2
35
N P %
N P 16
N P 16 P 14 N
1.99 g kg *® 1.80¢gkg" # 14 16
1.5g kg™ ¥ 8
1.74
g kg—l 28
90% N P 14.68
2 15.44 N P 18.86
%0 N P 14 16
N P
16
31
32
N P
Han 753
23
C N
% 3 cC P
¥ cC P
3 cC P
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20

22.5 C N
22.5 cC P
232

C P CKCNP K N K
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Ecological Stoichiometric Characteristics of Leaves and Litter of Plants
Dominant in Heidaigou Opencast Coal Mining Area

MA Rentian' FANG Ying" AN Shaoshan' * ZHAO Junfeng" XIAO Li'
1 College of Natural Resources and Environment Northwest A&F University Yangling Shaanxi 712100 China

2 State Key Laboratory of Soil Erosion and Dry Land Farming on Loess Plateau Research Center of Soil and Water Conversation

and Ecological Environment Chinese Academy of Sciences and Ministry of Education Yangling Shaanxi 712100 China

Abstract Objective Carbon nitrogen phosphorus and potassium being elements essential to
plant growth play important roles in the growth and development of plants and functioning of the individuals.
Ecological stoichiometry is a discipline integrating the principles of ecology and stoichiometry and studying
energy balance and mass balance of multiple chemical elements in living systems and can be used to analyze
constraints and consequences of these mass balances during ecological interactions.  Method This paper
was to characterize contents and eco-stoichiometric proportions of carbon C nitrogen N phosphorus

P and potassium K in leaves and litter of eight dominant species of plants i.e. Pinus tabuliformis
Populus L. Robinia pseudoacacia L. Hippophae rhamnoides Amorpha fruticosa Linn Stipa bungeana
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Trin Medicago sativa Linn Agropyron cristatum Linn. Gaertn in three different types of vegetation

forest shrub and grass in the revegetated area of the Heidaigou opencast coal mining Zhungeer Inner
Mongolia by means of field surveying and sampling and in-lab analysis and further to explore relationships
of plant homeostasis of degraded ecosystems with vegetation type and NP limiting rate in an attempt to
provide some proposals for rational combination of plant species in restoring and/or reestablishing vegetation
on the Loess Plateau and some evidence for perfecting the theory of eco-stoichiometry. Result Results
show that the content of C N P and K varied in the range of 418.2 564.1 7.19 33.21 0.82 2.37 and
4.98 32.77 g kg™ respectively in leaves of the plants and in the range of 368.9 562.3 3.98 22.65
0.58 0.97 and 1.18 20.98 g kg™ respectively in litter of the plants. Among the eight species of plants
a decreasing order of non-nitrogen-fixing plant Hippophae rhamnoides  nitrogen-fixing plants  the other
non-nitrogen-fixing plants was observed. The leaves were higher than the litter in content of total carbon
nitrogen phosphorus and potassium especially N content in the leaves which was even slightly higher than
the average of the country. But the P content in the leaves was lower than the average of the country. Among
the three types of vegetations a decreasing order of shrubbery  forest plants  grass was found in content
of organic carbon in leaves an order of shrubbery grass  forest in TN and TP and an order of grass
shrubury  forest in TK. Eco-stoichiometric characteristics of C N P and K in leaves and litter varied with
species of the plant and the ratioof N P P K N K C N C PandC K varied in the range of
7.16 22.45 0.036 0.23 0.70 4.55 14.92 64.44 218.54 557.36 and 12.78 121.14 respectively
in leaves and in the range of 6.97 23.78 0.076 0.64 0.92 6.71 16.09 160.28 292.89 1096.02
and 20.24 795.31 respectively in litter. In terms of N P ratio in leaves the three types of vegetations
followed an order of shrubbery 18.86 grass 15.44 forest 14.68 indicating that P is the
major limiting factor for growth of shrub plants while N and P the two factors limiting development of forest
and grass vegetations.  Conclusion It could therefore be concluded that for revegetation of the area
shrubs are the priority choice. All the findings in the study may provide theoretical and practical guidance for
restoration and re-establishment of vegetation in the Zhungeer Heidaigou opencast coal mining area.

Key words Opencast coal mining Plant types Leaf Litter Ecological stoichiometry
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