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Meta-analysis of Soil Microbial Biomass Response to Grazing Intensity
in the Qinghai-Tibetan Plateau

AN Hai-tao, SUN Cai-cai, DONG Quan-min, YANG Xiao-xia, ZHANG Chun-hui, ZHAO Xin-quan”

(State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University/Academy of Animal Science and Veterinary Medicine,
Qinghai University/Qinghai Provincial Key Laboratory of Adaptive Management on Alpine Grassland, Xining, Qinghai
Province 810016, China)

Abstract: Livestock grazing is the dominant use way of alpine grasslands in the Tibetan Plateau,and has im-
portant impact on grassland ecosystems. However,the integrated response patterns of microbial biomass to
grazing intensity in the Tibetan Plateau remains unclear. Therefore, this paper quantified the changes of
organic carbon,total nitrogen content and microbial biomass in the surface soil (0~10 cm) of alpine grass-
lands in the Tibetan Plateau with different grazing intensities using Meta-analysis. The results showed that
heavy grazing significantly reduced soil organic carbon,total nitrogen,microbial biomass carbon and micro-
bial biomass nitrogen contents by 24. 5% ,16. 0% ,29. 3% and 24. 7% . respectively; and heavy grazing re-
duced the biomass of bacteria, fungi and actinomycetes. In addition, linear mixed-effects model analysis
showed that soil microbial biomass carbon and soil microbial biomass nitrogen content were positively cor-
related with soil organic carbon and total nitrogen content under heavy grazing intensity. In conclusion,
heavy grazing had significant negative effects on soil nutrients and microbial biomass in alpine grasslands of
the Tibetan Plateau,and low grazing pressure should be adopted in order to maintain grassland plant diver-
sity and ecosystem function.
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Table 1 Literature-related statistics
KHEHA il 4 2313 FFHRR AR Ff
Title of literature Longitude Latitude  Altitude/m  Mean annual temperature/C ~ Mean annual precipitation/mm  Year
BT AR A S B A R A LR T W BT WI2'E 3TN 3600 ~1.7 580 2008
Effect of grazing disturbance on plant community and soil index of alpine meadow dominated by Potentilla
froticosa shrub
B AR ARG AR A LR R R R W0I53'E 358N 3570 1.2 620 2011
Effect of grazing intensity on soil microbial characteristics of an alpine meadow on the Tibetan Plateau
TR RO G R 0 SRS A B R 2 0 B W0053'E 358N 3570 1.2 620 2012
Research on the soil enayme activities and soil nuttients in the alpine meadow of the northeast Qinghai-Ti-
bet Plateau
4 R 2 XA BB 04 e SME 300N 4333 1.7 159.6 2013
Responses of soil biological properties to different grazing managements in Damxung alpine meadow
KB AR K R R R R M 102°33'E 3T12'N 2 878~3 425 -2 100 2014
Effects of short-term grazing on constitution and stability of soil water-stable aggregates in alpine meadow
CELV GO GRS IECE LI RS Y ER Il e el 42 W02°49'E 370N 2900~3 100 ~0.2 416 2013
Effects of short-term grazing on C and N content in soil and soil microbe in alpine meadow in the north-
eastern edge of the Qinghai-Tibetan Plateau
EELLYE S8 kSN GeRINER TL/lEA: W0053'E 35°58'N 3500 1.2 620 2012
The impact of grassland, grazing on soil microbial biomass on the eastern Tibetan Plateau
BEHEMAZRUG R LB AGHR, LIERE R M 01°53E 340N 3600 1.2 620 2016
Effects of summer and winter rotational grazing of Tibetan sheep on plant, soil and livestock of alpine eco-
system
BRI R LI EH AR WEWE SN 310 13 115 0ld
Response of soil nutrients characteristics of alpine meadow to grazing density in the northeastern edge of
Qinghai-Tibetan Plateau
TR AL 3 SR A R 4 0RO 209 W4 E TN 3200 -0.1 116 2018
Response of soil microbial hiomass and community structure to grazing and fencing in shrub grassland in
eastern Qilian Mountains
R B0 0 X3 B RS R AR O W04E 32N 33 ~0.5 607.4 2017
Effect of grazing intensity on carbon metabolic characteristics of soil microbial communities in an alpine
steppe in the regions around Qinghai Lake
B A B AR S R B WXOSTE BN 3480 0.8 W o
Response of vegetation-soil system to grazing and nitrogen addition in alpine meadows on the Tibetan
Plateau
FEIDE B BRI A LSRR B H 102°33'E 348N 3504 1.5 1Y 2022
Effects of short-term yak grazing intensity on soil bacterial communities in an alpine meadow of the
Northwest Sichuan Plateau
A ) KRR B8 JE DL W0053'E 358N 3500 2.2 620 2017
Response and mechanism of soil nematodes in alpine meadow to grazing intensity
YO R SR B RN A T R 100°56'9"E 36%55'10°N° 3 000~3 100 1.5 400 2023
Effect of grazing intensities on extracellular enzyme stoichiometry of soil microorganisms in alpine grass-
land
HOHCH R R i A LR BRI R 102°08'~ 32°56' 3500 0.7 656.8 2018
Effects of grazing intensity on soil organic matter and microorganisms in the Zoige alpine meadow 103°39E ~34'19'N
BORRREET AR A A B 2 B SR R LA S B R 01712~ 3729~ 3200~3 600 -7 180 2023
Characteristics and interrelationship of vegetation biomass and soil properties in alpine meadow under  101°23'E 345N
grazing gradients
TR 2 R B TR R LSRR R 102°33'E 328N 3504 1.5 749.1 2021
Effects of different yak grazing intensities on soil and plant biomass in an alpine meadow on the Qinghai-
Tibetan Plateau
AN BB TN R S ) R R A 102°35'E 329N 3500 1.1 752 2023

Functional group characteristics of plant community at different grazing intensities in alpine grassland of

northwestern Sichuan
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Title of literature Longitude Latitude  Altitude/m  Mean annual temperature/C~ Mean annual precipitation/mm ~ Year
ORI R i B R 102°36'E 333N 3500 1.1 752.4 2008
Effects of grazing intensity on plant biomass and its allocation in alpine meadows of Northwest Sichuan, China
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ferent grazing intensities
Grassland grazing management altered soil properties and microbial 9I°~93°E  30°~3I'N 4500 =15 407 2021
[-diversity but not a-diversity on the Qinghai-Tibetan Plateau
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Different responses of soil C ¢ N ¢ P stoichiometry to stocking rate and nitrogen addition level in an alpine  101°52'20"E 33°40' 3700 2 528 2021
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Fig.1 Response of plant community biomass to grazing
in the Tibetan Plateau
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Note: AGB represents Above-ground biomass; BGB represents Be-
low-ground biomass; LG represents Light grazing; MG represents
Moderate grazing; HG represents Heavy grazing. Circles represent
mean weighted response ratios (RR) and horizontal bars represent
95% confidence intervals (95% CI). * Represents a significant
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Fig. 2 Response of soil characteristics to grazing intensity in the Tibetan Plateau
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Note: SOC represents soil organic carbon; TP represents total phosphorus; TN represents total nitrogen
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Fig. 3

Response of soil microorganisms to grazing intensity in the Tibetan Plateau
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Note: MBC represents microbial biomass carbon; MBN represents microbial biomass nitrogen; LG represents light grazing; MG represents

moderate grazing; HG represents heavy grazing
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Fig. 4 Relationship between soil microbial biomass and soil carbon,nitrogen and phosphorus under different grazing intensities
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