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Relationship Between Plant Diversity and Topsoil Phosphorus Activation Coef-
ficient of Temperate Meadow Steppe Under Different Utilization Regimes

WEI Kai-giang', WANG Meng-tao', ZHOU Yu-jing', DIAO Zhao-yan’, HE Jing"
(1. Center for Grassland Resources and Ecology Research, Beijing Forestry University, Beijing 100083, China;

2. Chinese Research Academy of Environmental Science, Beijing 100012, China)

Abstract: To reveal the regulatory mechanisms of different utilization methods on the relationship between plant
diversity and soil phosphorus in temperate meadow steppe, this study selected the grassland within the Huihe
National Nature Reserve as the object and systematically compared the response characteristics of plant diversity
indicators and surface soil phosphorus activation coefficient (PAC) under grazing, mowing, and enclosure
modes. The results showed that plant diversity responded significantly to the utilization methods. The number
of species, Margalef index, Simpson index, and Shannon-Wiener index under mowing were significantly higher
than those under enclosure and grazing (P<Z0.05), and enclosure was significantly higher than grazing; the
Pielou evenness index was only significantly higher under mowing than grazing (P<Z0.05). Soil phosphorus
and its availability varied depending on the utilization methods. The content of total soil phosphorus (TP)
under mowing was significantly higher than that under enclosure and grazing (P<Z0.05) ; grazing significantly
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increased the content of surface soil available phosphorus (AP) and PAC (P<C0.05). The relationship
between plant diversity and soil phosphorus was regulated by the utilization methods. Under enclosure, AP was

significantly negatively correlated with all diversity indices, and PAC was significantly negatively correlated

with most indices; under grazing, TP was significantly negatively correlated with the Margalef index, while sig-

nificantly positively correlated with the Pielou index, and AP was only negatively correlated with the Margalef

index; under mowing, there was no significant correlation between soil phosphorus indicators and plant diver-

sity indices. In summary, the utilization methods not only independently affected plant diversity and soil phos-

phorus availability, but also regulated the relationship between them.

Key words: Temperate meadow steppe; Species composition; Plant diversity ; Available phosphorus; P activa-

tion coefficient
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Table 1 Information of study area
iy S . ?IFIJFEEHLI,E] fIt #F Dominant species 20 Longitude  £FJE Latitude  ¥#4K Altitude/m
Sample plot type  Plot number Utilization time/a
[l £ Grazing 1 8 DUINIR#2F Stipa baicalensis 119°19'01.95"E  48°25'47.23"N 721
2 10 EH Leymus chinensis 119°08'58.61"E  48°35'31.28"N 816
3 11 DUANJR&F 5 Stipa baicalensis — 118°57'42.79"E  48°37'20.44"N 661
4 13 DUMREL S Stipa baicalensis — 119°40726.94"E  48°55746.78"N 728
5 15 2EH Leymus chinensis 119°14'39.02"E  48°53'30.55"N 675
AJ# Mowing 1 =10 DU /R &3 Stipa baicalensis 119°15'26.87"E  48°37'13.32"N 774
2 >10 SEEE Leymus chinensis 119°12709.76"E  48°38'19.82"N 825
3 >10 EHL Leymus chinensis 119°24742.76"E  48°38'41.59"N 774
4 >10 EH Leymus chinensis 119°20'27.74"E  48°40'49.65"N 798
5 >10 DUIRER S Stipa baicalensis — 119°03729.64"E  48°36'36.71"N 706
i # Enclosure 1 =>10 B Z W Potentilla acaulis 119°20'02.22"E  48°20'04.22"N 707
2 >10 SR Carex duriuscula 119°06'21.26"E  48°22'54.09"N 675
3 >10 REZ WK Potentilla acaulis  119°05'28.11"E  48°31'09.55"N 669
4 >10 BB T ¥ Cleistogenes squarrosa  119°26'21.83"E  48°48'13.65"N 658
5 =10 KM% Deyeuxia purpurea 119°10742.91"E  48°50'46.58"N 639
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Table 2 The number of families in temperate meadow

steppe under different utilization methods

# Family [l 5 Enclosure X% Mowing (44 Grazing

4 1%} Plumbaginaceae 0 0 1

T A B Liliaceae 1 1 0
%1%} Plantaginaceae 1 4 3
BB Lamiaceae 2 2 0
K%} Euphorbiaceae 0 1 0
i3 Bl Fabaceae 8 7 4
AAF Poaceae 9 7 8
HF Violaceae 0 1 0

5 KF} Crassulaceae 1 3 0
& MR} Campanulaceae 0 1 0
4Rl Asteraceae 11 16 6
#F} Polygonaceae 0 0 1
51 24 B} Orobanchaceae 1 1 0
JEBBFL Gentianaceae 1 0 0
E E A} Ranunculaceae 2 3 1
P55 F} Rubiaceae 1 1 0
14 Rosaceae 8 6 6
Fi 7 Bt Thymelacaceae 1 0 0
AR Umbelliferae 2 1 0
P EF} Cyperaceae 4 3 1
+ 54} Brassicaceae 1 0 0
A 5B Amaryllidaceae 4 5 3
AT #E Caryophyllaceae 1 2 1
1% Bl Santalaceae 0 1 0
BBl Amaranthaceae 0 1 0
Jie4E A} Convolvulaceae 1 0 0
W REF Linaceae 1 0 0

& R Fl Iridaceae 2 3 0
MT Total 63 70 35

MR D RERF AL R R, =R MO F 24
A 2 IR ) i R T 1A, JFG R R R M R 22 (51
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Fl 3, 5T 25 (Carex duriuscula) W) H FAH &
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(Potentilla acaulis) , B I Z 4b , Kt B2+ 5 (Cleisto-
genes squarrosa) \ VUNINIREE 25 (Stipa baicalensis) (%
i FL R (Poa pratensis) 55 7K B 8 ZAH 3 4k T4
R K MVELTR |, 2E B (Leymus chinensis) B B AH
o, R ST (Carex durtuscula) ;TR , 2B
Z2 % 3% (Potentilla acaulis) () 5 ZAH i &, U= T
H (Carex duriuscula) Fl K& B F # (Cleistogenes
squarrosa) o —FRI T B ET, WU R g

®3 BEMEAERARFAAX TR S HFERE
Table 3 Characteristics of functional group diversity in tem-
perate meadow steppe under different utilization methods

LY DI RE R 2 BN Fil WUE I €il¢

Enclosure Mowing Grazing

Plant functional group diversity

ZAF 4 NE R B Perennial bunch grass 8 6 5
ZAF AR ZEAR 5 4 4

Perennial rhizome grass
Z A 245 B Perennial forb 38 51 21
T AR A2 3 K Shrub and subshrub 8 5 1
— AR W) 4 4 4

Annual and biennial plant
BT Total 63 70 35

(Stipa baicalensis) . E & (Leymus chinensis) %5 R H
F1% T {4 g XIS R A5 T RO R R
(Cleistogenes squarrosa) Fl vK B (Agropyron crista-
tum ) A5 7R T R T L AOX ) (R 4D

F4 BUHREAERARMAARATEZYHNEEZE

Table 4 The importance values of the main species in temperate meadow steppe under different utilization methods

H 4 , . A Importance value
) $ T 44 Latin name - - -

Plant species [l Enclosure A E Mowing J L Grazing

DN R &2 Stipa baicalensis 0.086+0.011 0.067+£0.011 0.067+£0.013
o Leymus chinensis 0.146+0.030 0.121+0.010 0.116+0.015
G Koeleria macrantha 0.071+0.019 0.015+0.001 0.050+0.008
VK E Agropyron cristatum 0.032+0.006 0.07640.044 0.10240.000

e B 7 Cleistogenes squarrosa 0.096+0.017 0.060+0.018 0.205+0.050

AR Poa pratensis 0.074+0.014 0.036+0.006 0.091240.000

R ERIREEE S Stipa silisiea 0.043+0.016 0.039+0.005 \

i 3 et Agrostis gigantea \ 0.132+0.065
SPEE Carex duriuscula 0.1684-0.020 0.107+0.020 0.27140.022
»E Artemisia frigida 0.0584+0.012 0.0314+0.008 0.11840.049

JRAE S Klasea centauroides 0.046+0.008 0.028+0.003 \

W] R 28 4 B AE Aster altaicus 0.0714+0.018 0.024+0.004 \
AT Taraxacum mongolicum 0.01740.005 0.006=0.000 0.093+0.029
BEEBR Potentilla acaulis 0.11940.042 0.04240.020 0.33540.052
DL Z B Argentina anserina \ 0.191£0.045

21 5810 Bupleurum bicaule 0.03440.006 0.032+0.002 \
JE (S Allium anisopodium 0.02740.004 0.0224+0.002 0.05240.009

E TR Galium verum 0.027+0.004 0.03240.006 \

SRR R Thalictrum squarrosum 0.028+0.008 0.0344-0.006 \
AT Medicago ruthenica 0.028+0.003 0.035+0.005 0.021-0.000

2.2 AAMAARMBHEEGEREY SHEMEHN
A

AN TRV A 7 3O R 22 R R AR T 3 Y
SN (P<<0. 001, fr A1 2 MM 48 AR 1 — 3 3 X1
E) > FE B> iR L CE 2, | 3) . BRI M
Y1) P B CS) MR B b Y 3~13 B, 3 2= [ B Y
9~22 F , JF 76 X B Hb 3k B 5 & 0 19~29 Fo

Margalef = & J¥ 48 %% . Simpson & %% #l Shannon-
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0. 053 &l 3a-c) , H A 1 Bt A ks ok, 34> 2 R
& B0 A8 k3 BB 43 51 A 0. 65~4. 74, 0. 70~0. 93,
1.24~2.96, SR , Pielou 4 & i 48 % A 16 K1) &) Hb,
(0.79~0.90) 5 Ji 4 s (0. 72~0. 94) [A] 22 53 . %,
il 3 A b 0 55 — % 34 T I 3 2 S (&1 3D
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Fig.2 The characteristics of plant species numbers in tem-
perate meadow steppe under different utilization methods
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Fig. 3 Plant diversity characteristics of temperate meadow steppe under different utilization methods
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Fig.4 Characteristics of soil P activation coefficient in temperate meadow steppe under different utilization methods
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Fig.5 The Relationship between Soil TP, AP, and PAC and Plant Diversity Index in temperate meadow steppe
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