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Responses of Rhizosphere Soil and Bulk Soils Microbial Activity to Livestock
Assembly

AN Hai-tao', SUN Cai-cai’, DONG Quan-min®, YANG Xiao-xia®, 1.LIU Wen-ting*, WANG Xin-xin®,
WANG Xiao-1i"*, ZHAO Xin-quan"
(1. State Key Laboratory of Plateau Ecology and Agriculture in the Three River Head Waters Region, Qinghai University, Xining, Qinghai
Province 810016, China; 2. Animal Science and Veterinary Medicine of Qinghai University, Xining, Qinghai Province 810016, China)

Abstract: This study aimed to evaluate the effects of various grazing methods on soil microbial activity in alpine
grasslands in the Qinghai-Tibet Plateau, focusing on the rhizosphere and non-rhizosphere soils of plant commu-
nities. Different grazing methods and mixed grazing ratios were analyzed to identify variations in soil microbial
activity and their associations with soil physicochemical properties. The findings indicated that both grazing
methods and soil locations (rhizosphere and bulk soils) significantly influenced microbial activity and soil proper-
ties. Compared to NG, basal respiration, microbial biomass, and microbial entropy in rhizosphere soils were
the lowest under MG1: 2, whereas microbial activity in non-rhizosphere soils significantly declined under mixed
grazing of yaks and Tibetan sheep. Microbial activity was significantly correlated with soil properties in both rhi-
zosphere and bulk soils, and soil organic carbon content was identified as the primary driving factor (P=0. 002,
R?=57.8% in rhizosphere soil; P=0. 018, R*=15.8% in bulk soils). In summary, grazing methods, includ-
ing variations in livestock species and ratios, influenced microbial activity in rhizosphere and non-rhizosphere
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soils, consequently affecting soil ecological functions on the Qinghai-Tibet Plateau.
Key words: Microbial biomass ; Basal respiration ; Metabolic entropy ; Microbial entropy
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Table 1 Grazing experiment design

phm FEA- B R /DX NSRS
Treatment Number of ~ Number of Area 0f2 Number of
yaks sheep plot/hm plots

MG1:2 1 2 0.43 3
MG1:4 1 4 0.60 3
MG1:6 1 6 0.76 3

YG 1 0 0.26 3

SG 0 2 0.17 3

NG 0 0 0.05 3

T Y G RR R B, SG 3R B S0, MG 12 2 2R AR 28
12U MG 4 FORFER B 14T M MG L: 6 ZOR IR B
% 16 R NG R Tk

Note: YG represents yak grazing, SG represents Tibetan sheep
grazing, MG 1:2 represents yak-Tibetan sheep 1:2 mixed grazing, MG 1:4
represents yak-Tibetan sheep 1:4 mixed grazing, MG 1:6 represents yak-
Tibetan sheep 1:6 mixed grazing, NG represents no grazing
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Table 2 Characterization of physical and chemical characteristics in rhizosphere and bulk soils

F8 45 Index MG1:2 MG1:4 MG1:6 YG SG NG
M/ % RS  13.54+0.86' 15.57+1.56° 16.8543.56" 17.88+2.51" 19.7640.56" 17.5641.05"
BS  14.6240.35"  16.5740.54" 14.8540.89" 16.9841.01° 16.8540.77" 15.3240.98"
BD/(g-em ) RS 1.02+0.02" 1.0820.04* 0.984-0.04" 0.944-0.01" 1.0540.01° 0.89-0.02¢
BS 0.9840.03" 0.8574-0.04° 1.0540.01° 0.924-0.02" 0.9940.01" 0.864-0.03°
pH RS 7.1240.05¢ 7.7940.07° 7.534+0.17 7.9940.02" 7.64+0.03 8.18£0.06"
BS 7.2540.02° 7.6240.05" 7.7940.03" 7.6240.13" 7.6840.05" 8.2740.04"
SOC/ (g kg ) RS 33.11+1.26  35.18+0.71° 37.5440.91° 41.694-0.96" 42.0541.49" 48.4241.57°
BS  32.4840.97"  34.2441.06° 33.964£0.44"  36.5020.94" 28.9844.17" 29.0620.99"
TN/ (g kg™ ") RS 6.6940.34° 7.184+0.22" 7.864+0.31" 7.7340.37% 7.4840.12% 8.1340.08"
BS 6.0740.14° 6.500.16™ 6.5540.12" 6.96+0.15" 6.9840.22" 7.2340.24°
TP/ (g-kg ") RS 0.53+0.07 0.72+0.03" 0.65+0.03% 0.80-+0.05" 1.1040.05" 1.0820.03"
BS 0.38240.07° 0.554-0.05" 0.6540.04" 0.684-0.05" 1.0420.03" 0.93420.04*
NH,"-N/(mg-kg ") RS 2.25+0.36" 3.58+1.12% 4.88+0.45 6.5141.65" 7.0041.58" 5.44+1.07"
BS 2.0240.25° 3.1940.90" 4.2940.41" 5.1240.75 4.8740.77" 3.040+£0.18™
NO, -N/(mg-kg " RS 59.45+0.12" 65.2+0.15" 66.7+0.28" 65.50+0.32" 71.9040.92" 79.70+1.21°
BS  56.70%0.10" 62.840.10" 69.540.29"  58.800.54" 64.8040.40" 70.5020.84*
AP/ (mg kg™ ") RS 8.16+2.82" 9.0542.84* 10.174-4.19" 9.9643.29" 14.334-6.82" 13.20+4.89°
BS 4.56+0.75" 7.99+2.85 7.074+2.82° 5.40+2.20" 6.60+3.07" 5.334+2.36"

M R RS KR BD 2R B A, SOC FoR BHEAHLER , TN FR B %, TP 2R B3 4w NH,  -N 2R R 8%, NO, -N
FR B A AL, AP FOR DHEMUARE . RS R R PR 14, BS FRAEM R L3 A B NE FRER R R A R B, R

Note: M represents moisture, BD represents bulk density, SOC represents soil organic carbon, TN represents total nitrogen, TP represents

total phosphorus, NH, " -N represents ammonia nitrogen, NO, -N represents nitrate nitrogen, AP represents available phosphorus. RS represents

rhizosphere soil, BS represents bulk soils, and different lowercase letters between treatments represent significant differences, the same as below

F3 ME(RERMIERER) A REXIEERAN T EEBEAURFENZ T

Table 3 Effects of location (rhizosphere and bulk soils), grazing methods and their interactions on soil physical and chemical

characteristics

i & Location

i )5 28 Grazing methods

7 ' X 773 Location X Methods

F5 45 Index

F P F P F P

M 49.49 <20.05 3.96 <20.05 1.11 0.36
BD 1.63 0.21 4.94 <20.05 0.79 0.56
pH 0.05 0.82 78.10 <20.05 9.36 <20.05
SOC 37.89 <20.05 3.83 <<0.05 17.42 <<0.05
TN 37.07 <20.05 7.94 <20.05 0.79 0.56
TP 15.54 <20.05 48.98 <20.05 0.92 0.47
NH, " -N 5.00 <20.05 4.95 <20.05 0.51 0.77
NO; -N 3.92 0.52 4.10 <<0.05 0.62 0.69
AP 5.32 <20.05 0.28 0.92 0.28 0.92
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Fig.1 Characteristics of soil respiration and microbial biomass in rhizosphere and bulk soils
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Fig. 2 Changing characteristics of microbial entropy and metabolic entropy values in rhizosphere and bulk soils
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Table 4 Effects of location, grazing methods and their inter-

actions on microbial activity

sk &ﬁ W {ﬁﬁXﬁﬁ
Index Location Methods Location X Methods
F P F P F P
BR 18.91 <<0.05 4.03 <<0.05 1.18 0.35
MBC 83.05 <<0.05 10.40 <<0.05 4.49 <20.05
MBN  350.51 <20.05 40.75 <20.05 7.60 <20.05
gMBC  37.54 <20.05 6.11  <<0.05 0.33 0.89
qMBN 209.81 <20.05 22.19 <20.05 3.46 <<0.05
qCO, 11.19 <<0.05 0.88 0.51 0.96 0.46

TE - BR 7R S0 W0, MBC R A4 9 A4 9 ik, MBN R0R
A A R, qMBC R A PR L QMBN 2R T A 4 AU
qCO, F R AL

Note: BR represents basal respiration, MBC represents micro-
bial biomass carbon, MBN represents microbial biomass nitrogen,
qMBC represents microbial carbon entropy, qMBN represents micro-

bial nitrogen entropy, qCO, represents metabolic entropy
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Relationship between rhizosphere and bulk soils microbial activity and soil physical and chemical characteristics
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Fig. 4 Redundancy analysis of microbial activity and soil physical and chemical characteristics(RDA)
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