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Abstract: [ Objective ] The increase in global CO2 concentration and climate warming has accelerated changes in the global
water cycle and led to changes in global precipitation patterns. The Qinghai-Tibetan Plateau (QTP) is highly sensitive to
global climate change, and its precipitation patterns have also shifted in response to the global precipitation pattern. Soil
microorganisms constitute an important part of the underground ecosystem and play key roles in the soil carbon and
nutrient cycle. An in-depth understanding of the response of soil microorganisms to precipitation changes is vital for
analyzing the internal mechanism of the impact of global climate change on ecosystem carbon and nutrient cycles.
However, it is still unclear how precipitation changes affect soil microbial biomass carbon (MBC), nitrogen (MBN),
phosphorus (MBP), and their stoichiometric ratios in the alpine grassland ecosystem of the QTP. Therefore, the current
study aims to investigate the response mechanisms of soil microbial biomass and their stoichiometric ratios to precipitati on
changes in an alpine meadow of the QTP. [Method] A field manipulation experiment simulating precipitation variations
was conducted in an alpine meadow of Hongyuan County, Sichuan Province. Five precipitation gradient treatments were
established: a 90% decrease in precipitation (0.1P), a 50% decrease in precipitation (0.5P), a 30% decrease in precipitation
(0.7P), a control (1P), and a 50% increase in precipitation (1.5P). Rhizosphere soil was collected in each precipitation
gradient treatment. Soil MBC, MBN, and MBP content were determined by the chloroform fumigation method. Soil
microbial biomass stoichiometric ratios were calculated by the soil MBC, MBN, and MBP content. At the same time, soil
physicochemical properties, including soil water content (SWC), soil pH, soil organic carbon (SOC), total nitrogen (TN),
total phosphorus (TP), dissolved organic carbon (DOC), ammonium nitrogen (NH4"-N), nitrate nitrogen (NO3™-N), and
available phosphorus (AP) were also determined. [Result] The results showed that: (1) Soil MBC and MBN contents
were increased with the increase of precipitation; however, MBP was not changed along the precipitation gradient.
Compared with the control (1P), soil MBC and MBN content were significantly reduced in the 0.1P treatment; (2) Soil
MBC : MBN and MBC . MBP showed an increasing trend with the increase of precipitation. The 0.1P treatment
significantly reduced the MBC . MBP ratio when compared with control; (3) Pearson correlation analysis showed that
soil MBC, MBN, and MBP content were significantly positively correlated with SWC, and the MBC and MBN content
were also significantly positively correlated with NO3;™-N and negatively correlated with DOC. The MBC : MBP and
MBN : MBP were significantly positively correlated with soil C : N; (4) Multiple linear regression analysis showed that
DOC had a significant negative effect on MBC and MBN, while TP and soil N : P had significant positive effects on MBC
and MBN. SWC showed a significant positive effect on MBN and MBP, while the soil C : N showed a significant negative
effect on MBP. Soil DOC and SWC had significant negative effects on MBC : MBN, and soil C : N had significant
positive effects on MBC : MBP and MBN : MBP. [Conclusion] Our study demonstrates that soil moisture and soil
nutrients drive the dynamic response of soil microbial biomass to precipitation changes in the alpine grassland ecosystem
of the Qinghai-Tibetan Plateau. By understanding the response mechanism of soil microbial biomass to precipitation
changes, we can better predict and respond to the potential impacts of climate change on alpine ecosystems, and develop
more effective ecological protection and management strategies to maintain the balance and sustainable development of
alpine ecosystems. Therefore, this study provides a microbiological theoretical basis for the management of alpine
ecosystems in the context of climate change.
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Fig. 1 Soil physicochemical properties under different precipitation treatments in an alpine meadow
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Fig.2 Soil microbial biomass and their stoichiometric ratios under different precipitation treatments in an alpine meadow
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Fig. 3 Correlation analysis between soil microbial biomass and their stoichiometric ratios and soil physicochemical properties

24 TEBUMRMHMEDEYE RECF TSR TR

Z LR AT A R B R, KL, 3% DOC % MBC Al MBN 4 &2 1 61 %08, 1
TP 113 N : P % MBC 1 MBN & E M IERMN. (P<0.05, Kl 4a, Kl 4b) . SWC X} MBN 1 MBP
HRFHMIERN (P<0.05, K& 4b, K4c) , 13 C N X MBP A EEM TN (P<0.05, K 4c) .
SWC 1 DOC %t MBC : MBN & & # 738 (P<0.05, & 4d) . 3% C : N Fl SWC Il 53 5%} MBC :
MBP A &EHIIE. AR (P<0.05, F 4e) . 13 C I N X MBN : MBP A & # [ IERMN (P<0.05,
K40

) | - A TP b) 'k B A TP o Hp TP
MBC MBN MBP
’ pH . pH '.l oH
| W xx EHUEELE Soil N - P | & E A EE Soil N 2 P '., b3 U LE Soil N : P
,,,, SASEUNH, N O NH, N "P" FA N, N
I"' HEENO, N i® NO, "N .....I A NO, N
|l'.' &k B SWC | @ kit Swe I P s | EREESWC
=R | AT AL DOC Los * AT L DOC ..P.. WA HLEE DOC
l’l E ML Soil C 2 N L | LSRR Soil € N ..'I * FHE (L Soil € N
-Q- 2L AP .q-. HAHE AP l'." HHE AP
05 <10 05 00 05 10 15 45 10 05 00 05 10 15 A5 <10 05 00 05 10 15
HREfE Effect value ZURAL Effect value MR Effect value
d) ..,.. L TP ¢ |-|.-| E n |-|.-| L0 TP
MBC : MBN S SIBC - MEP MBN : MBP
@ pH W Ho pli
aa E MR SOl N ¢ P |+ o LML Soil N : P
@~ HEAEONH, N - @~ HEA U NHL N
@ RAENO, N @ L WA NO, N
o &k SWC @ - 5 2 kR SWC
=@ | AL AT L DOC i ol @7 [T L DOC
"P" S48 B Soil € N 1 P ] @ e L b Soil € 1 N
- HH AP Oy @ 17 AP
1.5 <10 <05 00 05 1.0 1.5 -1.5 -1.0 05 0.0 05 1.0 15 -1.5 -1.0 <05 00 05 1.0 1.5
MR Effect value SR Effect value RRL{H Effect value

K 4 SRR O A A P e A S B L RN ) 2 ek v (B VA o A
Fig. 4 Multiple linear regression analysis of the effects of soil physicochemical properties on microbial biomass and their stoichiometric

ratios

3 e

3.1 PBEKT U EEREE TIEMEYENE RN

AT, +3E MBC. MBN # & B KR 3NN, 5 Ren SO rp [ = 28 [ ) it
Fogh I, T TR B K S 30 R A AR R, TR A SRR Y AR Y R
R K R DE A KGN R —, SRR AT DLERR A P A S Bl
AR 0T TR R SO RN A T o A 9 b R A A A B R K R 1 J5 R T R R DR AR
X 1) = FE B A S R G B T B2 BRI PR 1, B K B 0 ) 2= 22 K 43 I BR ), (2 30 T 38 i A= 4
A AT B D I A A s T B ek D 2 PR ) SRR IR T E, RIK Ay AR B R T, AT
) - A AE M A K I BRAR - 3 A E W A W B P AHIE 7T e B 3 /K Bt A B 1 B4 i i 4
JFHE5 T3 MBC. MBN 1 MBP ¥ 2 B3 FIEMIE (P<0.05, E3) , UiHH 38K 5 & 84 A
Fe b - S A A R B B K AR A B L R T, Ren 25RO SR B, BRAK I INBENS B Nk 2
B, sEmsgn SRR EYE, TR TR E KA AR AR S BRARVE BT R RE 1,

http://pedologica.issas.ac.cn



+ R iR
Acta Pedologica Sinica

G E R AR SR, SIS T, 5240 SRR 3 R AR S R G OB T I

Rk 2 S8R IBAE Y YRR D, TS B D BRI 2 8 IR A AR R . xRS
KT R ZE TR G FAES R TUER A K. TR HRMRESTREA S FENELR. K
Faii,  BEZKYR /D REE i B A, TR B A TS B, R B K A s 2 o el - 338 5% 3 1)k
WA, pAh, ABFTIE KL% MBC. MBN 5143% NO; -N £ &% EM%, 1i511% DOC £ 5%
FiRlSE (P<0.05, F3) , Ui HIEA R R AN X KL HIERMAEY EY A E
LR, 13 MBC. MBN & & 10 B4 S 1 A Pnf 3832 3 R RSCRI R A IS O, 338 A
Yyl AR R E T, R I R I e IR A e R AN B B I G 4, AT A MBC.

MBN & &0, 148 DOC Fifi 7K S5 0 i FEAK nT AR GF s U R Wl (B 1)) o ARG R
B, T3 TP AMEIEN P X MBC. MBN 2 # IERN (P<0.05, Kl 4a, Kl 4b) o T3 TP AfLLN
WAEYRHE T 2 (B E F5, WA AT, [R5 TP W] 4 1398 b 1 B R i 70 i T8 8% 47
R4, Tz R S A AR G TG, A AR 2 . L3R MBP RN L3R e 1Y) EE A R
55, ATLUNAEYIER MR A BT 3 R TR, AR I 3E MBP 6 K AR R v (A
2¢) , IR K. MAEYE FRIRS T - A e S L R 15 . Pearson A2 /01T &
7N, MBP 5 SWC 2R EIEAAI. SWC BN AT B 18 i (i 2k i 5 HOasem i B v Ve Sk 39 0 A Rmsk, (e adk
MBP [{F 2126, (RAHF T MBP I35, B LI b 1A AU B e G, AT
PR T SAE P B IR, 33 MBP [ R A B R 27

3.2 KT U EEEALIEMEY T =T

AR, 13 MBC : MBN B /K E38 g (& 2d) , X5 —0T4Ek meta 204 05T
S5 IR, AT R I K B 2 1 0 3 MBC : MBN, H: J5 PR A i 2 W13 2% 1 3 T i o
KA EHE N8 RS LR, SAEYIE AR KO R h 3R HOE 2 ok b e g i 25 440, 2l e i
MBS, TR 2> B U T 6 Rt B N ) & B . X P[RR 48145 MBC A1 MBN 3 AH R 1
I, A3 MBC @ MBN A R R i oz 29301, 24 MBC @ MBN s, RIARAE 4>
A ML 1 38 P AR R bR, T U A B U AR G 2 12 B, A9 7t &k B SWIC AT DOC %1% MBC
MBN A BER SN (P<0.05, Bl 4d) , HJFEFE AT EEE K ERINEdE DOC PRl 7 fE, ik
AEWAE S R IS BT 2 B S R B R SR e B, (ERUZE M ) B2 8 SR T 2 S B0 MBN (15
My e 2, L3 MBC @ MBP 3l # SR AF L3 Pkt - 5 o 1A ST 8E /. 24 MBC @ MBP
P m iy, R LI A A KT R 2 B o R R H); 24 MBC:MBP HU{EEARET, R 544
FLA BRI A S R sl (1) 98 000 AR ek B 14 MBC @ MBP Bl /K &3 nmisgin (P<0.05, K&
2e) , UiHAREAKENE AT RS SRR AE D 2 R BRI . Ak, ARFFOERBLLIE C LN X
MBC : MBP A & EMIERN (P<0.05, K 4e) , HFF/KEMEdt 7 13 C N F#m (H D .
T3 C I N Jhm, RABARN L, AL, WX AR, MY TR Fh
Sy PRI, FTREAL S B BRI RS IR, FRAX D X i 308, 5 B AR W B A G B PRI
MififE MBC : MBP &8, 43 MBN © MBP ] LU i+ 35 i A 0 on ORI AR G 75 SR I o, 5
MBN:MBP #81, T d B G A 06 i (1 75 SRR TR R Rk, 2 IRRE0, SR, AHE 78 R B R /K
AL G 4% MBN © MBP {R¥FFE, 150 B B KR A6 AR b X 388 A M0t U i 75 SRk 2P g . (R
FEAR SR, MoK ERINIH%E 530503 MBN @ MBP, i B 33 Ak M ey ol i 00 A1 BUA o
ISR RE ), EIMEEFRESAZAL R, MBN @ MBP AR ER A A 2B, B T et S RS
DICPIAIRIC. BRIRZEKR, BEEF BESSHRE A, BiE 7R T35, X eS80
AR AT BRI T AR X IR A S KRG ERiRERES RS, WHGH W ARSOE #
W SR RE AR, SRR R R IE RS, AU A RN TR o G, X X I R A
YT fE T I B o PR R B B ], MBC @ MBN A1 MBC : MBP 1] GEFH BRI, T e bi A 28 22 48 LAY
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FETFONEERHIE, AR LA SR PR AE /T, TR EY ] sl pRIR . TR Rt 7 81
ST FORRS K o s, XA RESE LA AR & BRI G, M S BOEREAES R
G RAEIRR . B BERTLCE AR, (IR ITE IR IR FR 5 B A B AR S 1R,

A TR I IB AR A Y B R S B K E R, B 5 IR R R A B VA G,
Uk BH 388K 23 F0 - 4385 2 D RS 1 v FE ) I A AR W AR ) B K AR A R MR B . AT ST I
1.3 MBC : MBN Al MBC : MBP i [ /K &30 in, e F 25 L 8K 0 M L8 C I N
FEYIM K. HEE| LRV EY R 52 3 T IEEAL R AP REAE DL R IR B AN B K SR SR R 2 1
RGO, e P ) IR AR ) AR S A 2 B LS B K AR A i S ATLEE R NI T AR D) [
ATy 75 13— DK A R G i S U 7T
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