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Abstract; Soil quality is the basis for maintaining stability and functional diversity of the terrestrial ecosystems. While
grazing is one of the most widely used methods of grassland resources, its effects on grassland soil quality lack quantitative
criteria, and the mechanism of action between the two is unclear. In this study, two seasonal grazing lands in the alpine
steppe of the Qilian Mountains were used to investigate the effects and potential mechanisms of grazing on soil quality,
combining ecosystem coupling and ecosystem multifunctionality. Results indicated that soil quality index was controlled by
grazing rate based on minimum data set (MDS). The soil quality index was the highest at 2.45 red deer month™" hm™ for
winter grazing land, and 0.80 red deer month™ hm™ for spring and autumn grazing land. Soil available phosphorus, organic
carbon, N to P ratio, and soil pH were the major factors driving soil quality in winter grazing land, while soil organic

carbon, C to N ratio, and soil pH were the major factors in spring and autumn grazing land, and the soil quality indexes
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were positively correlated with species richness index (P<0.05) and Shannon-Wiener index ( P<0.0001) in the two grazing
lands. The coupling degree between plant community species diversity and soil factors were in the range of 0.67 to 0.81
(average degree=0.74) , which belonged to middle coordination. The ecosystem multifunctionality index ( EMFI) and soil
quality index were negatively correlated with grazing rate. The results further highlighted the effects of grazing on soil quality
and ecosystem function in two seasonal grazing lands of alpine steppes. Combined with coupling relationships between plant
community species diversity and soil factors, this study explored the potential momentum of soil quality fluctuation, which

provided a theoretical basis for better protection and utilization of alpine steppes’ resources.

Key Words: soil quality; minimum data set; grazing; coupling degree; ecosystem multifunctionality index
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Fig.1 Sketch diagram of grazing effect on soil quality
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Table 1 Membership function of soil quality evaluation indexes with six grazing rates in winter grazing land and spring and autumn

grazing land

SR A FB FRERS)

Parameter (winter/spring and autumn grazing land )

EE10 b 9= G HHEARX oy oy
Indicators Affiliate function type Calculate formula R/ME m, BOGE LM, REH TR, KA m,
o Best value Best value .
Minimum m, o L Maximum m,
upper limit n,  lower limit n,
jsivey)
LA LK S AR y(0)=1, (x=m,) 40.96/12.21 151.29/24.91
Soil organic carbon/(g/kg)
5 4 ()= (x-my)/(my—
i%%ﬁ ' ! D/ m, 8.73/12.88 12.61/21.17
Soil total nitrogen/ ( g/kg) my), (m<x<m,)
R
=0, (v 4.45/4.50 5.27/5.42
Soil total phosphorus/( g/kg) yx) (wsm)
i%ﬁ&ﬁﬁ . 50.90/11.40 124.40/25.27
Soil available nitrogen/ ( mg/kg)
e
S 8.87/19.44 23.17/26.80
Soil available phosphorus/( g/kg)
TEeH "
S T3t (0)=1, (x<
Soil sall/(&/ke) [ S TSR e y(x)=1, (x<my)
()= (my=x)/(my-
’ ? P 05406 0.97/0.85
my), (m<x<m,)
y(x)=0, (x=m,)
ThERE . "
%ﬁ . 5 iy AR I o A y(x)=1, (n;Sw<n,) 0.88/1.17 1.20/1.30 1.40/1.81 1.83/2.14
Soil bulk density/(g/cm”)
B8 A E=N
j:ii% i 7k£ 11.30/12.55 25.00/14.46 35.00/20.68 37.50/27.09
Soil moisture/%
% y(x)= (x=my)/(ny -
iiﬁ PH 1)/ m 7.78/1.72 7.90/7.76 8.20/8.17 8.25/8.31
Soil pH m,), (m<x<n,)
s () = (my =)/ (my -
iﬁﬁﬁﬂ“ﬁ . . ! 3.02/0.80 4.00/0.86 7.00/1.15 8.16/1.30
Soil organic carbon to total nitrogen ratio n,), (nz<x<m2)
i%ﬁﬁ%[ﬁt y(x):(L (x?mzﬁx$
Soil organic carbon to total ) 8.67/2.33 15.00/2.82 25.00/3.83 28.72/5.30
phosphorus ratio ™
LA
Soil total nitrogen to total 1.72/2.52 1.80/2.83 2.30/3.74 2.48/4.52
phosphorus ratio
153 HEEFUREHOTE
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i=1

5% (Soil quality index,SQIw) 2 (£ 3) .

(3)

FKHU RS 5 KL ( Species richness index) ,Shannon-Wiener ZZA£PE$5 %4 ( Shannon-Wiener index ) F1457%]
JE 28 ( Pielou-evenness index) 1 |
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K EMFL: AR RGEZImet a8,
1.5.7 EBRGEZIRerE S TR AL

I HIERE 5SASREZ RN CR R HPE RE(R®) FBAIZCR (E) PEA B 09 500 6 77
[l Esf SR FHRAH X 822 (RS ) AP B AT 522 (RMA) [ 48 XHE | 357 A% 25 (RMSE ) 1R 7K b BRURR AH 56 2R 4
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ZM,-—ZSi

RS=""— 1 = 1 x100% (12)

PIR

1 n ‘Mz — Si
RMA = 2 5T x 100% (13)

JE (M, -8
RMSE = (14)

2 (M= M) (S, - 8)
Pearson’s r = — - (15)
M =M S (S, -8) 7
Soft M AT i BEA G 5 BOVEREA S 0 BP0, 5. HOTH6.
1.6 Hdkba
K HI SPSS 26.0(1BM, 3E ) #4748 10 A, A [A] A B ] - S BRAL A S5 A ) Z2 - FE bRk Turkey HSD
AR Ty 22 43 M7 | Pearson AH ¢ % 43 #1 F1 3 5 4 40 A7, {8 B Prism 8.0 ( GraphPad Software, 3 [# ) | Origin
(OriginLab , 2 [ ) FRAF 517 R 41

2 ZHREHSH

2.1 IR

rﬂi/\éw PR - S PRA M BT 3 U AT (RRIE(E = 1) 45 R 3R I, & R0 TR A Ta bR 20y 4 > F K
g3, FARHEE 2 518 5.73,1.86,1.52, 1,16, X W i B BE 53518 47.77% ,15.47% ,12.64% ,9.65% ,4 > E 57
SRR N 85.53% (3R 2) s BRI + HEALPE BT B o o Hr 5 SR 2 B, L - L R A o3 3 A
4, HAFIEE 58 6.40,1.86,1.42 , X6 7 fift BB 43531 A 53.33%,15.53% ,11.85% ,3 A~ F W5 BTl B
80.71% (% 3) .

R2 EEUHIBEERINSATHNERRARFHENSA
Table 2 Results of principal component analysis of soil indexes and variance and grouping of common factors in winter grazing land

FWr 1 FWar 2 T3 E

NATII%

RR: S Principal Principal Principal Principal Norm {H Common il
Soil indicators component component component component Norm value . Group
analysis 1 analysis 2 analysis 3 analysis 4 vanance
F AL Soil available phosphorus/ (g/kg) 0.88 0.20 0.15 0.01 1.94 0.95 1
325 Soil bulk density/(g/cm?) 0.87 0.09 -0.14 -0.15 1.91 0.57 1
457K Soil moisture/% 0.80 0.20 0.09 0.08 1.76 0.69 1
FHEH A Soil available nitrogen/ ( mg/kg) 0.77 0.15 -0.18 0.47 1.68 0.81 1
34 Soil sal/ (g/kg) -0.74 -0.05 0.12 -0.06 1.60 0.98 1
F4E 4K Soil total nitrogen/ ( g/kg) 0.73 0.42 0.39 0.20 1.73 0.94 1
i
;;if(z?jiitcarbnn to total phosphorus ratio -0.16 0.96 -0.08 0.06 1.68 0.90 2
g i

iﬁiii twbun to total nittogen ratio 0.4 0.88 0.05 0.05 1.79 0.84 2
A B Soil organic carbon/ ( g/kg) 0.45 0.88 -0.04 0.06 1.79 0.86 2
4% Soil total phosphorus/( g/kg) 0.37 0.30 -0.85 0.04 0.94 0.96 3
B LL Soil total nitrogen to total phosphorus ratio 0.56 0.28 0.74 0.16 1.29 0.95 3
3 pH Soil pH 0.03 0.07 0.07 0.97 0.13 0.98 4
FFAF(E Figenvalue 5.73 1.86 1.52 1.16

fRBEIE Explain the degree of/% 41.77 15.47 12.64 9.65

ZHH#REEE Cumulative explanatory degree/% 41.77 63.24 75.88 85.53
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x3 BUEUFHTBEREINSSMHNERRABFHREMSA
Table 3  Results of principal component analysis of soil indexes and variance and grouping of common factors in spring and autumn

grazing land

ERAT EMA2 B A
TR bR Principal Principal Principal Norm {H \C Ay
Soil indicators component component component Norm value ommon Group
. . . variance
analysis 1 analysis 2 analysis 3
T HEHE AR
. .04 -0.2 2.02 . 1

Soil available nitrogen/ ( mg/kg) 0-93 00 0-20 0 0.90

2k AR
AR 0.91 ~0.19 0.05 2.00 0.87 1
Soil available phosphorus/ ( g/kg)
THEAER

. -0.2! .1 2.02 .92 1

Soil total nitrogen/ ( g/kg) 0.90 0.29 0.16 0 0.9
%iﬁ?ﬁ*ﬂﬁz}% 0.88 0.44 -0.10 2.05 0.97 1
Soil organic carbon/ (g/kg)

e
i&%ﬂ@%lﬁt . 0.86 -0.19 0.39 1.95 0.92 1
Soil total nitrogen to total phosphorus ratio
itﬁ;ﬁ&%w . 0.83 0.53 0.08 2.02 0.98 1
Soil organic carbon to total phosphorus ratio
+ 555 K& Soil moisture/% 0.79 0.09 -0.11 1.71 0.64 1
L2 EE Soil salt/ (g/kg) -0.71 0.34 -0.08 1.63 0.62 1

Erys gl
i%@%ﬁ,th . . 0.28 0.89 -0.29 1.72 0.96 2
Soil organic carbon to total nitrogen ratio
+4E4HE Soil total phosphorus/ ( g/kg) 0.25 -0.36 -0.71 1.30 0.70 3
+ 35 pH Soil pH -0.46 0.43 0.57 1.48 0.72 3
+ A E Soil bulk density/( g/cm?) 0.47 -0.13 0.50 1.25 0.49 3
HEAE(E The eigenvalue 6.40 1.86 1.42
f# B Explain the degree of/% 53.33 15.53 11.85

-
TP R 53.33 68.85 80.71

Cumulative explanatory degree/%

KW TR BT ZERERT 5% T, 12 D e bt s bn sl ok 4 4, H 3P A M g A
A1 ANFEFR AT BB o/ VR AE (MDS) o 758 1 2 AN%E 3 47h 44 Norm {H 55 1 TS0l A R0 Hb A i B/
BAEEE . 56 4 P CH 3 pH BOABE MDS, 7658 2 4, T3 mk A L Norm {85 134 FL#K Norm (B AH %
(1.79) {8 e 5 £ BRALFE AR 22 [R] A A DG PE K F 3 BLak , e £ H3Ea MLERIE A MDS, 5528 2
Y4223 L eI MDS KN PR 07 25 R 43 301l A - S il ( AR 5 25 = 0,95,/ H = 0.08 ) , 113
B HLER(0.86,0.09) , TIEABEH (0.95,0.09) , T4 pH(0.98,0.09) (£ 4) ; HEIKEHUIZ I FEFR BRI 4> K
34,5 — PR Norm (A K 5 H B LR AR A SCHE S /M 58 ML A E MDS, [RIEREESE 2 drf) +
Hemi A LRSS 3 A 35 pH AR MDS, S0 E AR 1 85 MDS KA B 25 FIACE 43
AR AP (0.97,0.10) , T HEA L (0.96,0.10) , 13 pH(0.72,0.07) (£ 4) .

x4 RMEIEE(MDS) FHTEERHARFAERNE

Table 4 Common factor variance and weight of soil indexes in minimum data set ( MDS)

\ YR T NT \ MVIRE  ART)
e SUMBBER - ANEIE ag | o UMW AP g
R Minimum Common K . Minimum Common K

Grazing land . The weight || Grazing land . The weight
data set variance data set variance

A FWG M (g/ks) 0.95 0.08 BHKEH AL (g/kg) 0.97 0.10

Winter grazing land LR/ (g/kg) 0.86 0.09 Spring and autumn A 0.96 0.10
ALt 0.95 0.09 grazing land pH 0.72 0.07
pH 0.98 0.09
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Fig. 2 Effect of grazing on soil quality
AR NG FRARARIBACR T 122 5 1 % 1 (P<0.05)

2.3 MR SEYEHE YR ZAE

TR A S Y RV W R AR R AE OGP A A A5 R R, IR RS B S MR R AR (P =
0.02 ,P=0.03) i Shannon-Wiener ZFEMEFEH0( P<0.0001) i IEASE , 51451 BEHR KA A .3 (P>0.05)
(E3),
24 THERFSHEYBEDR ARG R

KT SRR YR 2R P DG fe i R o A, RO EORCRURN £ 8 pHL,
IR /N AR v - O S YR AR SO I 5 (0.76) 5 A ML S YR E R AR SO 34 A
BROCHKE 55 (0.70;0.70) 5 TR W LU AN 3% pH Y SR 3450 BE 18 BOCHK B2 B w1 (0.79;0.81) . TEFRFK
Ty, SRYIBEE YR R SR B A 1 I T o e sl o2 R AR L S 3 pH L, 3R
et b+ A MLk SHEY) Shannon-Wiener Z2 M8 BOCHK FE 5 (0.79 ) 5 HHERR A LU AT+ 3 pH 4 5469
5] FEFR ORI B fe 9 (0.8650.86) (£ 5) o

T I G KRR RIS R Z AR A DR (R 6) , A B FPCR TR A AL
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Fig.3 Regression analysis of plant community species diversity and soil quality in winter grazing land and spring and autumn grazing land
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