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Fig. 1 Forest plots of effect size of grazing on soil pH

of grasslands in northern China
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Figure 3 Eggers test for funnel plot asymmetry on effects

size of grazing on soil pH of grasslands

KA R BGR AL R O i 1 pH ]
o TR OB L, 2 S OO & R A R
BROCERA RS M pH S W M R 0
TR r B MR MR R L R AL AT RE 5 SROMC R M AR ) A
VRS ZREE R A B R R pH O R
LR B B Y AR AR € T DU A 5 R R )
AR P 8 035 P8 S 240 i S %) A8 A 0 T 2 WD el 2 ) X
PRI o TR B R

A I A BB T D0 4 B2 3 3 [ AL T 5 4t -
pH {H 34 0. 9106 . M BE BB M 2 K 3 I 4 I
VIS ) 55 37 AE A o B ) S 3t e K 26 B
FIER 53 25 WA I AT 9 5 L3 pH (. HE
A HIF 5T A BRI A T A58 B i 3, SR BT R R
B IRE I N K F R RN T BT R TR 3
LJEE PRI BR AT 5 5 1 e S R Y R B A
pH (™ o A F 5t 2 WY OOt B0t pH 52 7T g
52 B 4 28 Yl T e R ) S [R5 L R R R
pH S OO 0 B W 38 T S g e SR ) il R
J5 44 pH (A 8. 54~9. 267, W] . /& T w5 7€ 55 ) il
NI RO A S R G 4 pH H S LR
) R B SEOC AR pH L IR Wi 1 A
BUBR I % - 2 55 L eI OSS He M 40 8 7 i A W 2 18 L B
% S R B pH (A 2 R SRR
FEVE 30 T BRAR T 3 o e A i . B A
(DA S LD A ) ol 3 I 110 8 R X
B P ABOR, A S Rl R I A
WD CO, IS H G 2, 13 pH EFRT

R R AR HOR S A v 52 A A
W K SCRE R R G AR R T AR R RS A



FALE 5

BOE O 2021 4R 129

Bk 5 2 W] e ok b 75 OHCRE M 39 pHL P 22800 {E A
AT S SRR B A 4 W A TR T T
X Bt - 4 pHSE R P 20 (E SR BRI I .+
e WERH > LAA DL A7 TE L AW & i B %
IE 555 b, A S Bl 2 R R R O ) B R AR 0
Wi 1. 58 kg/hm* . 4 s AW R Bk = © 800 IR
i A 7 R T R B SROCR Y

4 it

TCH T P 2 R 3 n 3 [ b Uy B 3 pH (B, K
O AN [R) 2 Y B 3t pHL 52 W) 54 SF 449 2340 0 001 28 = it
PR > 9 M ) e i > TR TR R > i FE R . O
28 A v 2 ) b M8 p LD a1 o Dl A i)
JERU L PR e 55 1 0 pH (. A [R] O 58 B2 9 - 28 25800
(B2 [F) JC S35 P 22 57 P B TN AE T B pHL
PR AR . AL Tr Bt pH X OO R Y
PN R . B AR R R AR 3R E b 7 B 1
pH {2 B %

S 30K :

(1] phHa R0, San s R R 8 0y 30T Y 77 B 5 I R
TS AR LT ] K R AR FE 4R, 2011,25(2) 153 —
156.

(2] ki, 2V, ok 38, 45, B E X o 1@ I b IR 2 + %
pH sZm[] ] A&R2%,2020,39(1) . 72—77.

[3] HKCBES, £, 5, PEIE T EES RGN FIT
il AT 8 DX 0 B 0 A 3 22 A B e @ e LT . b B R4 B B
Fi1,2020,35(6) :675—689.

L4 NIRRT EEAE L 45 S 309 O A0 82 X 1 3 2 ) e
J - e 4 ik EBR BT Y 2 [T ], RO R L 2013,21(5) 1895
—901.

[5] Du Y,Ke X,Guo X,et al ,Soil and plant community char-
acteristics under long-term continuous grazing of different
intensities in an alpine meadow on the Tibetan Plateau
[T]. Biochemical Systematics and Ecology,2019,85,72—
75.

(6] BTl . B 28, BURRAR L S5, 0 S0 000 5 R 0 it AR B 5
S Pl & pH A E LT & 85 e A, 2014, 35
(3):5—7.

(7] @FFE R B 55 A R s 30 b 52 2 2 i
e AL R PE R R L) ). BRI B2, 2013, 41(22) 19263
—9265.

(8] WM. JF, 5RAR T, 45 | JiC 5 BE Xof /) i 5 ) - 3 3
AR 1 5 [, v [ R A% 4, 2013,35(2) : 83— 88.

[9] TARR.#EEH, EHEE 700 1 5 5 B0 16
Bt [T B2, 2005.

[10] 2=, AN [R] Pk B 485 it % i - B R 1k 55 b 1) #F LD, v
IR ZRALIE R 2%, 2010,

(1] RS A OO AN 0o = 0 50 b - e ™ A % Gl 8
S 52 R [ D] 09 R R - A 5 AR K2, 2013,

[12] B2y Wl £50. 4 R 8 A J7 =X 95 97 6 5 )

TR G 2 B K 4y A R AR LT ). 322 R, 2011, 48(5) . 904
—911.

[13] Siciliano P D,Schmitt S, Effect of Restricted Grazing on
Hindgut pH and Fluid Balance[J]. Journal of Equine
Veterinary Science,2012,32(9) :558 —561.

L14] T4, PSR o Mt i 2 AR A o B 5 RU R 7% 4 b ) B
Pt S M AR CONLVP R R B vz (D] b
5 P E R A B BF 5T A B . 2006.

[15] Luo J,Tillman R W,Ball P R. Grazing effects on denitri-
fication in a soil under pasture during two contrasting
seasons[J]. Soil Biology &. Biochemistry,1999,31(6):
903—912.

(167 XK . g o b5, H3th A A0 350 A 9 45 i A 1R A 50 3t
[J7. Bk B2, 2011,28(6) :951—958.

[17] Liu W,Jiang L, Yang S,et al. Critical transition of soil
bacterial diversity and composition triggered by nitrogen
enrichment[ ] . Ecology,2020,101(8) :e03053.

[18]  A-A3mn . FE 4N, VE B 5. KRB R Y 2 & A 522 0F
FE— AL 2] T (T, o [ A 2% . b BR B} 24 . 2020, 50
(10):1323—1338.

(190 MBI, JABE. S/ 55 7 M J  JE R f) 13 N, O
I 3 e %o I N (o iz [T ], S BB, 201636
(1):55—259.

[20] &FP4 .M. 2% F. FME R RS EEgES A
GEA R AL XS LEWFSE L) 1. R 5 REFE . 2019.39(6) : 83—
88.

(210 JRARFE AN [F) A0 %) 1G5 o 28 T o) AR W 7 M - 08
s ID]. B v« PE AL A ARFHE KA, 2015,

[22] Oldén A,Raatikainen K J, Tervonen K, et al. Grazing and
soil pH are biodiversity drivers of vascular plants and
bryophytes in boreal wood-pastures[J]. Agriculture, E-
cosystems and Environment,2016,222.171—184.

[23] Martins A P,Denardin L. G, Tiecher T, et al. Nine-year
impact of grazing management on soil acidity and alumi-
num speciation and fractionation in a long-term no-till in-
tegrated crop-livestock system in the subtropics[J/OL].

Geoderma,2020,[2020-02-01 Jhttp: // doi. ory/10. 1016/



130

Vol. 41 No. 5

[24]

[25]

GRASSLAND AND TURF(2021)
j. geoderma,2019,113986. [26]
Falk M, Miinger A,Zbinden R S, et al. Effects of concen-
trate supplementation in early lactation on nutrient effi-
ciency,ruminal fermentation and reticular pH of zero - [27]
grazing dairy cows with differing milk production poten-
tials[J . Journal of Animal Physiology and Animal Nu-
trition,2018,102(6) :1043—1045. [28]
Woodbridge J,Davies H J,Blake W H, ez al. Recent en-
vironmental change in an upland reservoir catchment; a [29]

palacoecological perspective[ J]. Journal of Paleolimnolo-

g2y,2014,52(3) :55—62.

ML MG BT L KBRS b A g Ak S B A
B I e B2 1 Meta 23 A7 L], 2R 5 B, 2021, 41 (1)
76—82.

Wardle D A. Controls of temporal variability of the soil
microbial biomass: A global-scale synthesis[J]. Soil Biol-
ogy &. Biochemistry,1998,30(4) ;89— 96.

R IR MRS R RS R RE
BRI A 252 4R,1999,19(4) ;514 —518,

KT T BN SF. R W) AL R ) 98 R ) 1Y 4
P PEBRELT ], T 5 X BT R 5 R 35, 2009, 23(8) : 155
—159.

Effects of grazing on soil pH of grassland in northern

China based on meta-analysis
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Abstract; The grasslands in northern China are important ecological security barriers. Soil pH directly af-

fects soil microbial activity and the form of carbon and nitrogen nutrient. Previous studies have paid little atten-

tion to the effects of grazing disturbance on soil pH and its driving factors. A meta—analysis based on the data

from 24 experiments was undertaken to study the effects of different grazing intensities on soil pH. Our results

showed that grazing disturbance slightly increased soil pH of grassland (by 0. 91%) ,with an average effect size

of 0.009740. 006. Grazing significantly increased soil pH of temperate meadow steppe (P<C0. 01),but decreased

effect size of alpine meadow. There was no significant difference in the average effect sizes among the different

grazing intensities,following an order of light grazing > heavy grazing > moderate grazing. Soil total phosphor-

us had a significant and negative correlation with the average effect size of grassland soil pH (P<C0. 05), which

could explain 14. 56% variation. Soil available nitrogen, available phosphorus, organic matter, total potassium

and bulk density were all main factors to explain the variation of response value. Grazing did not have significant

effects on soil pH,and moderate grazing was the most suitable.

Key words: grasslands; pH; grazing intensity;random effects models;heterogeneity analysis



