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of Alpine Grassland Ecosystem in the Three-River-Source (Qinghai University),Ministry of Education, Xining,Qinghai Province 810016, China)

Abstract: Soil carbon and nitrogen are the primary nutrient sources of plant growth, playing a crucial role in
maintaining soil fertility , enhancing soil microbial activity, and mitigating global climate change. This study used
the Qinghai Provincial Alpine Grassland-Livestock Management Technology Platform Chttps://ghcd. agiot.
cn) to investigates the impacts of different grazing patterns on various carbon and nitrogen components. The
results showed that grazing yak and Tibetan sheep separately significantly increased microbial biomass carbon,
whereas mixed grazing significantly decreased it. In terms of microbial biomass nitrogen, both separate and
mixed grazing significantly reduced its content. Grazing had no significant effect on soil total carbon and soil
total nitrogen. The influences of grazing on microbial biomass carbon, microbial biomass nitrogen, soluble
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organic carbon, and soluble organic nitrogen were more pronounced than that on soil total carbon and soil total
nitrogen. From the perspective of microbial biomass, mixed grazing was preferable in alpine grasslands, as sepa-
rate grazing exacerbated soil microbial carbon limitation in these ecosystems. This study quantified the carbon

and nitrogen content of different soil components in alpine grasslands under various grazing patterns, providing a
scientific basis for sustainable grassland management in this region.
Key words: Grazing ; Qinghai-Xizang Plateau; Alpine grassland ; Microbial biomass
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1 A°C, 4 [ /K B 29 330~370 mm., 3 Ny R4 £,
FE I V% VAR 7 5 (Kobresia humilis) 55 (Leymus
secalinus) ¥ 9% 52 (Elymus nutans) . & % (Carex
aridula) TR B ZE W 3 (Potentilla acaulis) h F .

1.2 K&t

A T 2014 4 FF 4R, SR I BE AL X 433, &%
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B4y A 1:2,1:4F11:6), B4E6 HPIZE 10 A JE ik
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Table 1 Experimental design of grazing

pisl YEAR R FE S /NI AR AN AL
Treatment Number of yaks/head Number of sheep/head Area of plot/hm* Number of plots
YA SR Y G 1 0 0.26 3
L A SG 0 2 0.17 3
FEARRSE 12 IRBIMGL: 2 1 2 0.43 3
FEAHCE 1 AR MG 14 1 4 0.60 3
FEAR L 1:6 IRBIMGL:6 1 6 0.76 3
A CK 0 0 0.05 3

1.3 tTEHERREMNEFE

IR SRR T 2022 4F 8 H #EAT , 7E AN [A] 4K
AEFR A E RN, EAR 4 em B L4, BL O~
10 cm, 10~20 cm M1 20~30 cm, 43 2 BURE , A~ H &
NN B 3 A ORE SRR R R — R 3 A
BAEHATIR A . IREG R0 LA iy, o
— A L HERE LT AT R A T R E A Y
Bk (Microbial biomass carbon, MBC) . & (Micro-
bial biomass nitrogen, MBN) , - 33 1] ¥ 4 i (Dis-
solve organic carbon, DOC) | & (Dissolve organic
nitrogen, DOND (8 5 , 75 4b— iy - e #E i 3 48 X
T J5 H F 3 4 8% (Total carbon, TC) .4 % ( Total
nitrogen, TN il 7€

MBC,MBN FI 5475 28 i 5, B0 1 3 4

AN, EZEMOKEZEM 0.5 mol- L}
K,SO, & # (/K £ b A 4: 1,40 mL 0.5 mol-L*
K,.SO, ¥, 10g i 1) , 12 P2 1 283 18 J5 W 10 mL
E AR 50 mL & &L SR 5 TOC B i 43 4
(Warip TOC SELECT) #4722 , MBC il MBN &
iR 2 B ZE IR BLZE Y 25 (B TSR th , MBC 1y 5%
R ECH 0. 45, MBN I (L Z%H 0. 54, DOC Hl
DON H] 0.5 mol-L ' K,SO, & #2 J5 ] TOC BB 53
A 2 . TC A1 TN i 200 H i , o6 & 43 B 4L
(FLASHAMART) #4711 52 .

1.4 HIEHH

JIT A B 38 28 o RS M R T 28 SR MR A 5, R
K 38 J7 22 43 B il Tukey 2 35 L BER  E AS IR CHOT
0] - i A W A W B R, TV A LB AL,
S RV 22 5 SR 2 5 25 43 B R 1 E AN TR
WO SO R R R A2 HAE R0 . R P<
0. 05 By 7K ¥ EVPAl 35 22 5% o T A G it o0 B B4
R4. 2. 2 5E 1), e BB FE SigmaPlot 14. 0 158 A .

2 HRESH

2.1 MHEETEREMNABASH®R. . BRHNFMN

1 22 2 71, o MBC .MBN . MBC/MBN %
AW 2 (P<<0. 001, + 2 X MBC .MBN
(P<<0.001) 1 MBC/MBN (P<<0. 05) 4 i 5 i .
T RN 2 R BE X MBC, MBN A1 MBC/MBN (P<<
0.00D AW R ERZEAEM . SHEWED 3,
L 2 X DOC, DON F1 DOC/DON (P<<
0. 001> A % i 2 52 i , 0 HCF + )2 R FE X MBC,
MBN #l MBC/MBN(P<0. 001) 4 #% & 3 (1) 52 HAE
FH o RO 2R BE X TC AT TNP<<0. 00D A
FEHW, R REX TC/TNWP<0. 00D A # 3%
S (HCRO TC/ TN JERE M o R 2 TR B X
TC.TNAITC/TNE R EL A

2.2 AEAMEAXNBEDEYEH(MBC) &
(MBN) #9 % i

RIBCHAL B, 5 FE R AR S R 48 0~30 em +
JZ2 MBC fil MBN 43 % 4 1610. 3 mg-kg ' Al 370. 3
mg-kg ', SG.YG I F ¥ T MBC #& & (1756.5
mg-kg '#11876.3 mg-kg ', P<<0.05), ifi 1A i 4
Ab BT MBC 5 2 W IR T 4B 4 80 SR ORI R
B BE(P<<0. 05) . % MBN Ifii 55 , B4 3 B I
T MBN & 5 (P<<0.05) B 25 AR b B, 45 il 44
A FET MBC % 1 F- {84 1167. 6 mg-kg ', Horp
MG1:4 T MBC & & e {24 546. 1 mg-kg ', YG T
MBC & B, 2 MG1:4 F B 3. 4485 3 % s ik
PR MBN f§9°F {8 4 228. 3 mg-kg ', Hiif MG1:2
T MBN % & & 1& 5 167. 5 mg-kg ',SG F MBN %
HiE 291, 7mg-kg 'ARMGL:2 R 1. 715

R CHAE BT, 5 FE R AE R R 48 0~10 em,
10~20 cm Ml 20~30 cm + JZ MBC % & 43 5 4
716.6 mg-kg '.497.7 mg-kg ' Ml 396.0 mg-kg !
CE D, 40 95 MBC BB i 44.5%, 30.9% #1
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24. 6% s ANA + 2 Z I MBC &2 R # (K2, P<
0.05), ARBAALHLT , 5 FE R A R R S 0~10 em,
10~20 cm Al 20~30 cm + 2 MBN & & 73 51 &
171.3,122.7 F1 76. 3mg-kg ‘(& 1), 43 % &5 MBN
MY 46.3%,33.1% 1 20.6%, A[E £ 2 Z [

MBN & 22 57 W 3 (£ 2, P<<0.05) . 15 filg #ig 4b 7
T,SG.YG B F M T 0~10 fl 10~20 cm + 2
MBC & &, & 1B & BB B 8 5 B AL T 45 - 2
MBC & & (P<<0.05). Xf MBN i 5 , i % % B¢
& T4 £ )2 MBN & # (P<<0.05).

R2 HMASIERENMENEYER GHNNEEHFESH
Table 2 Two-way ANOVA of microbial biomass carbon and nitrogen in grazing and soil depth

L Grazing R JE Depth FH X B Grazing X Depth
F P F P F P
MBC 412.34 <20.001 554.94 <20.001 66.45 <20.001
MBN 370.00 <20.001 951.76 <20.001 48.63 <20.001
MBC/MBN 108.84 <20.001 4.15 0.018 21.09 <20.001
F P F P F P
DOC 48.08 <20.001 132.99 <20.001 4.10 <20.001
DON 41.14 <20.001 114.10 <20.001 7.86 <20.001
DOC/DON 51.43 <20.001 16.36 <20.001 3.64 <20.001
F P F P F P
TC 5.33 <20.001 40.07 <20.001 0.73 0.697
TN 4.73 <20.001 123.18 <20.001 0.37 0.957
TC/TN 1.49 0.197 35.79 <20.001 0.67 0.752

i MBC, # 2R 9 A4 9 Rk s MBN, B 9 42 4 2 R MBC/MBN, B A: 9 28 90 i ik &L s DOC, FT P A5 BILAK s DON, 1T % P A7 HLA
DOC/DON, A #PEA HLBR A L s TC, T3 8k s TN, R B A TC/ TN, 13 Bk A L

Note: MBC, Microbial Biomass Carbon; MBN, Microbial Biomass Nitrogen; MBC/MBN, Microbial Biomass C: N; DOC, Dissolve Organic
Carbon; DON, Dissolve Organic Nitrogen; DOC/DON, Dissolve Organic C:N; TC, Total Carbon; TN, Total Nitrogen; TC/TN, Soil total C:N

2.3 AEM#HFA I DOC T DON B 5y

RBBAE LR, 3 FE R E R R 58 0~30 em )2
DOC FIDON43 %14 453. 9 mg-kg ' M165. 4 mg-kg ',
DOC X e e (4 e 1 A7 AS [6] (9 25 3, SG .MG1: 6
BERILT DOCH (388, 7mgkg 'H1380. 2mg-kg ™,
P<C0. 05, HA AL 3% DOC & B0 B &5, X
DONi 7 ,SG W8 7 DON % #(82. 1 mg-kg ™',
P<20.05) , HoAth i 4 b #8852 25 AR T DON 75 2 ([&]
2,P<<0.05),

AR JBCRCAE T, v P R AE S R 48 0~10 em,
10~20 cm Al 20~30 cm + 2 DOC & & 4> 5 &
166.1 mg kg '.155.3 mg kg '#1132.5 mg kg ', 4>
A di DOC S 1 36. 6% .34. 2% A1 29. 2% s AN [A] £
JZZ B DOC & i 22 5 2 3% (£ 2,P<<0.05), KK
Wb B S FE R M AE S R 4 0~10 em, 10~20 cm
F1 20~30 cm 4 2 DON & & 43l 2 26. 2, 22. 7 Fl
16.5 mg-kg ', 4> % i DON E & 1940.1%,34.7%
25 2% s AL ZZ A DON & #2558 % k2,
P<<0.05), FERAALIET ,SG MG1:6 I EFEMLT
% 12 DOC & 5 (P<<0. 05) , HiAth i e ik B % DOC
SRS EZW., ¥ DONIME,SG B &8 T
DON 5 # (P<C0. 05) , FC Al 5 4 ik 3% DON & i
JC 3520

2.4 ARABBART LERBH(TC) K (TN)H
=40

R AL FER JE A AR R 48 0~30 em
+ J& TC M TN 43 5] 24 130.0 g-kg ' #l 9.7
g-kg's MGL:2 & F BEAK T TC & & (114.7
g-kg ', 3, P<<0.05), HAth il H b BEXT TC & &
JC R o TN F a3 AR b AH X B, 25 ik i b 22
R H 7 BEH N, SGRM T TN S R &E N
10.3 g+kg ', MG1: 2 4b # F TN & & ik 7 8.9
g-kg ',

KA BN FE R M A S R 48 0~10 em,
10~20 cm Ml 20~30 cm 4 )2 TC & #4331 4 48. 0,
41.2 F1 39.8 g-kg ', 4y il i TC & & 19 37.2%
31.9% M130.9%;0~10em L2 TC FHBE ST
10~20 cm i1 20~30 cm + )2 . RHCBALBE T, 5 9%
AR S R S8 0~10 em, 10~20 cm 1 20~30 em +
JETINSES N N3.7,3.2M2.7 gkg ', 20 9
TN S i 19 38.3%.33. 1% M 28.0% , A L )2 Z
B TN # i 2 5 W % (£ 2, P<<0.05) . it #oab 3
T,MG1:2 B #F AR 74 1 )2 TC & & (P<<0.05),
HoA e e BEXS 4+ 2 TC &8 TC B EHm ., It
T TC, TN & & LB F2 o, U 46 +)2 TN
R wH I E S AN
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Fig. 1 Effect of different grazing patterns on microbial biomass carbon (MBC) and nitrogen (MBN)
FE YGRS SG R BBHG MG L 2, R84 E 1 23 A HOHG MG L 4 R AR R 1 A TR UG MG L 6, 9B A JBE 1 6 TR I

CK AN, T 1) s AN T /NG 88 327 [l — 4 bR 7E A [ i Ak 388 1] 22 S

B3 ,P<0.05

Note: YG,yak grazing alone; SG, Tibetan sheep grazing alone; MG1:2,yak and Tibetan sheep 1:2 mixed grazing; MG1:4,yak and Tibetan sheep

1:4 mixed grazing; MG1:6,yak and Tibetan sheep 1:6 mixed grazing; CK,no-grazing, the same as below ; Different lowercase letters represent sig-

nificant differences in the same index between different grazing treatments, with P<<0. 05

2.5 AREM% AR MBC/MBN, DOC/DON #i
TC/TN HI 8 0

A& 4 BTN RO BN SR A S A S
0~30 cm +J2 MBC/MBN N 4.4, SG.YG i % 1
Jn T MBC/MBN(6. 01 6.8, P<<0.05) ., JRA& Tk
PR MGL:2 B F i T MBC/MBN(5. 6, P<<
0.05),MG1:4 f1 MG1: 6 i & %% T MBC/MBN
(2.8M13.4,P<<0.05), KRBT, = %€ 7 H A=
AR E % 0~30 cm + 2 DOC/DON K 7.0, SG B ¥
MK 7 DOC/DON (4. 8, P<<0. 05) , 1fif H:Ath jif i b
FXF DOC/DON JC ik F 52 . R AL T, 5 98
AR RS 0~30 cm £ )2 TC/TN b 13. 4, U4

%FTC/TNJC B &%,

2.6 RN[EFERIE IR X ST

MBC 5 MBC/MBN £ # i % IE4H ¢, 5 DOC
# DOC/DON £ ) 2 2 i M & (P<<0.001) .
MBN 5 MBC/MBN(P<20. 001) fil DON £ i % f7i
i 5& (P<<0.05) , 5 DOC/DON % IE #] % (P<<
0.05)., MBC/MBN 5 DOC F1 DOC/DON % #% fi.
UM 56 (P<<0.001), 5 DON & & 2 1F 4 56 (P<<
0.05), TC Ml TN £ # & 2 1F # 5 (P<C0.05) .
DOC 1 DOC/DON £ 4 i 2 1EAH & (P<C0. 001) o
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Fig. 2 Effect of different grazing patterns on dissolve organic carbon (DOC) and nitrogen (DON)
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Fig. 3 Effect of different grazing patterns on total carbon (TL) and nitrogen (TN)
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Fig.4 Effects of different grazing patterns on MBC/MBN (A),DOC/DON (B),and TC/TN (C) in 0-30 cm soil layers
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