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Variations of soil microbial biomass carbon and nitrogen in alpine meadow of the
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Abstract; Soil microbial biomass is the active part of soil organic matter and an important indicator of soil quality and
carbon and nitrogen cycling mechanism. The different season (spring, summer, autumn and winter) and soil layer (0—10,
10—20, 20—30, 30—40 and 40—50 cm) variations of soil microbial biomass carbon (SMBC, mg/kg) and microbial
biomass nitrogen (SMBN, mg/kg) and their influencing factors were studied in alpine meadow of the Shule River headwater
region in the northeast margin of Qinghai-Tibet Plateau. The results showed that (1) the SMBC of different soil layers

increased gradually in spring, peaked in summer, decreased in autumn, and reached the minimum value in winter. While
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the SMBN decreased gradually in spring, reached the minimum value in summer, increased in autumn, and peaked in
winter. (2) Both SMBC and SMBN decreased with the increase of soil depth. The 0—10 cm layer of SMBC and SMBN was
significantly higher than the 40—50 cm layer. The season variations of SMBC and SMBN in the 0—10 cm layer was also
higher than those in the 40—50 cm layer. (3) The SMBC/SMBN in the 0—50 cm layers increased gradually in spring,
peaked in summer, decreased in autumn, and reached the minimum value in winter. Its season variation range was 8.77—
23.59, which was at a relatively high level. (4) The season and layer variations of SMBC, SMBN and SMBC/SMBN were
mainly influenced by belowground biomass of vegetation and soil temperature. (5) The SMBC/SOC in different soil layers
increased gradually in spring, peaked in summer, decreased in autumn, and reached the minimum value in winter. While
the SMBN/TN decreased gradually in spring, reached the minimum value in summer, increased in autumn, and peaked in
winter. Except that there was no significant difference in soil layer variation in summer, SMBC/SOC and SMBN/TN showed
that the 0—10 cm layer was significantly higher than the 40—50 cm layer. (6) In the 0—50 c¢m layers, SMBC/SOC was
significantly higher in summer and autumn than that in winter and spring. Its season variation range was 0.58%—1.18%.
while SMBN/TN was significantly higher in autumn and winter than in summer and its season variation range was 0.39%—
0.72%. In conclusion, the variations of season and profile depth could affect SMBC and SMBN contents significantly. The
0—10 cm soil layer has the strongest accumulation ability on SMBC and SMBN.

Key Words: alpine meadow; soil microbial biomass carbon; soil microbial biomass nitrogen; season variation; soil

layer variation
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Fig.2 Season differences of SMBC in different layers
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0—10 em ZETT L8 4 0.97%—1.36% ,10—20 cm A 0.71%—1.34% 20—30 cm “50.29%—0.99% 30—40
em 4 0.26%—1.27% 40—50 cm H 0.38%—0.89% ., 0—50 cm J2 SMBC/SOC B FAZE R #Hm T4 HZE, HH
ZAASNE N 0.58%—1.18%, [A]—Z=3 NBE L2 INTE , SMBC/SOC KRB FRE#E, BREZE 2B LR
SEA SMBC/SOC ¥EH 0—10 em J2 B 5 T 40—50 cm 2,

TR A ER S 2R (SMBN/TN) #4512 ZE 1 2% 5 SMBN 2L AHbl, =528 1
71 ,0—10 em H 0.46%—0.97% 10—20 cm 4 0.37%—0.71% .20—30 cm N 0.4%—0.66% 30—40 cm 4 0.
29%—0.64% .40—50 c¢m K 0.27%—0.74% , 0—50 c¢m JZ SMBN/TN Fk &% W & 1w T E 7%, HHEAZE N
0.39%—0.72%, 1fii SMBC/SOC Z&= 15 28 i )X F SMBN/TN, [5]—Z&75 N fifi = 2 &, SMBN/TN 4% 4 J2 A8 L RFAE
55 SMBC/SOC AR fLFFAE—EL
2.4 mHEE

HI & 1 ATAT, R [RIZ15 1Y SMBC SMBN A i 3 22 7 ( P<0.05) ,SMBC/SMBN A 2 # 22 5 (P<0.001 ) ; A~
[ 421 SMBC . SMBN A % i 3 2% % ( P<0.001) ,SMBC/SMBN A i %% 5 (P<0.05) . Z=1fl 1+ 227
TE R EWAZHRY , % SMBC SMBN F1 SMBC/SMBN Y 22 S 1% 4 BTk

F1 TEHEVEYER ARELENFTESNER
Table 1 The result of ANOVA for SMBC, SMBN and their ratio

AT SMBC SMBN SMBC/SMBN
Factor df F P df F P df F P

Z=15 Season 3 3.318 0.029 3 3.040 0.040 3 8.467 <0.001
+J2 Soil layer 4 30.036  <0.001 4 32257 <0.001 4 3.157 0.024
Z45x 1 J2 SeasonxSoil layer 12 0.708 0.734 12 1.178 0.331 12 0.918 0.538

SMBC ; + 32734k ¥ 4= M) &% Soil microbial biomass carbon ; SMBN : 38 {34 9 4= #) 5 2 Soil microbial biomass nitrogen ; SMBC/SMBN ; + R
Y YR RAE L

AR, SMBC 5 £ HEE /K (SWC) |\ HHEER 4 (SS) pH {H 3 IEH & (P<0.05) , 5 + B i
(ST) A IEAH R FR (P<0.01) ,(H 53 N A=Wy (BGB) A HLEK (SOC) (2R (TN) AL 5L (Eh)
T FAHEIEFR , SMBN 5 ST SS pH {H 2 2 1 AH 3 (P<0.05) , 5 HoAth + 58 PR35 K JC 1 3 A OCOC &
SMBC/SMBN 5 ST SWC pH {8 2 # 1IEM & (P<0.05) , 175 Hofth LSRN F I F A KR, B4 W53
Mr 2 ,SMBC ,SMBN .SMBC/SMBN Z=5 254k i 9K 3l K 1435 & BGB \BGB £ ST ST($ 2) ,

R2 FPTHENTEREMEYER ARELES TEREEFHEXEREES
Table 2 Correlations and regression analyses between SMBC, SMBN, their ratio with season variations and soil environment

factors, respectively

& ZEL Correlation BGB SOC TN ST SWC SS pH Eh
SMBC -0.057 -0.582 0.268 0.993 " 0.957* 0.973" 0.985" -0.809
SMBN -0.074 0.711 -0.238 -0.961" -0.939 -0.976 " -0.972" 0.760
SMBC/SMBN -0.304 -0.389 0.162 0.979 " 0.967 * 0.949 0.975* -0.904
% IA1)H Stepwise regression

[F1 975 #% Regression equation WG Adjusted R?

SMBC =59.543+0.056BGB 0.525""
SMBN=4.314+0.003BGB-0.192ST 0.605 "
SMBC/SMBN = 17.514+0.748ST 0.140*

BGB : #b T 4: ¥ Belowground biomass ; SOC : /5 LA Soil organic carbon; TN ;: 4% Total nitrogen ; ST ; +- 3 J& Soil temperature ; SWC ; 75 7K % Soil
water content ;SS: 133k 43 Soil salinity ; Eh; 8 L34 L HL(7 Redox potential ; # 7R AH IR B E] i F K (P<0.05) , # * 37 AH I 15 2 AR . 7K
F(P<0.01)

bE + 2754k, SMBC 5 SOC TN ST A i #F IEAH S HR (P<0.01) , 55 BGB 3 IEAHX (P<0.05) , 5 pH
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{H 42 2 A5G (P<0.05) , 1115 SWC . SS Eh Tl FAH KR, SMBN 5 BGB SOC TN ST A H 5k 3 1F AH X ¢
Z(P<0.01) 15 HA - 3EAEE AN F IR E AR, SMBC/SMBN 5 R85 R F 2 M) 0 B EAH LR
A M W , SMBC .SMBN . SMBC/SMBN + 2754k i3k sl K143 1) &y ST .BGB ST(#£ 3)

®3 BIEZTUNIEREVEYER BREILES TEREEFHEXERTESH
Table 3 Correlations and regression analyses between SMBC, SMBN, their ratio with layer variations and soil environment

factors, respectively

& ZEL Correlation BGB SOC TN ST SWC SS pH Eh
SMBC 0.935" 0.989 ** 0.985"* 0.994 " -0.693 -0.700 -0.905 " 0.802
SMBN 0.969 ** 0.988 ** 0.983 " 0.967 ** -0.756 -0.767 -0.846 0.675
SMBC/SMBN 0.010 0.120 0.114 0.251 0.094 0.139 -0.331 0.641
% IAl)H Stepwise regression

[7 975 #% Regression equation WG Adjusted R?
SMBC=-71.870+116.262ST 0.983 "~

SMBN =3.747+0.003BGB 0.919""
SMBC/SMBN = 13.845+4.835ST 0.898 **

* RN CHEIB B 1 FEAKF-(P<0.05) , * + FosAHDCHE K B 8.2 7K1 (P<0.01)

3 iTFig

3.1 SMBC SMBN f7Z8{b45ME

MW 25 R G LS Wy A W e 2 02 2R W A W M BR AL 2 i B S, S EOR [ 2= R TR -2 SMBC,
SMBN f77E—E 252 IRZHFFT 45 Rt F W], SMBC  SMBN % Z 15254k | 4 2 A8 Ak 5% i 3 1220 sk
SERIFWA G — LA, BEEITIR AR R 4 X S JE ) SMBC 5 SMBN #9525k Fir 22 5%, A | SMBC
BRI GEHT S, B BR B KA, BB WAL, & B D, X 5 AR 45 R —800 ) EEE R
HHER RN AR 0 BRI T R AR RS DTSN T SMBC, & ALY - R TR
T R A A K S S T AR T e, IR T SMBC!Y i SMBN & b B4R % i
FEA 2 B /N KB Wi T i &2k B i KM, iX 5 Saratchandra | JEHHIEA B RES
Tk 25 AR YR 9 00 1 i A LA R 0 i b R T ) L R 55 R A G, A2 R R E MR T R A
W, R ZIX A B IRARME, (0 i T AT 7 300 e 00 SRR A T, o - 9 A 2 g 47 5L T P 0 ot K A 8
Wardle"*' & B, 764 K HE Z ML 4 R 4 S W0t 35243 9 R FRAEAE BB e 4 G R, T 8B KE Sk i
KL, 2 SMBN e fik, il RE S AR A A K 2 | 75 M - 3 ip B BOR B 8 9 o, AT R 1 et
Yt a] R . (HBFSTIX SMBN ZE 15 28 {b 47 4E 5 Devi 1 Yadava'®’ .Singh A= BF Y 4E RN TR ] fig
JE TSR ZE IX S | 448 MR AR, B T 45 0 255

)7 SMBC SMBN Z= 15 AR IR A VR 2 80, AT RBJE 362 1B B R SE AR (LI 2 IS A I sl K
HIPIAR 225 1 e 13 A W %o 5% 43 B0 5 4 e B A 4 T TR0 ) DA foff 3 )2 - MR Al A 4 A 0 8 T R R K
SMBC ,SMBN i 1 J2 T B2 (1 34 I S G, 5 Wen 2550 BIFSR 45 52 —3, H 0—10 em J2 SMBC . SMBN
F T 20—30,30—40 ,40—50 cm X W T A 3EGCAE Y B I B AR S o T RS R I LA A A R ) D R AT
AEJE R 2 ORI ARG R AL S B 2 MR A (TR i R R IBTE L) |, Al
AR T L A RE TR, 1T T E A2 IR RUE Y A W R B S SRR AR R KR R Rz 2R R R
FFIR Y DR SMBC  SMBN 4 it -+ 22 T JBE F 18 i 1 A
3.2 SMBC/SMBN f728 {454

AFFTRIT, AR A RR A LA 3—5 Z 08, T B BURR AL R 4—15 Z )2 HARSR T4 B, BB A 1R Ak
T W B 2E R T HERAEE AT, SMBC/SMBN FE— 2 F B b ANCAT R sz B - 358 v 050 RN 48 17 A9 L A7) ) ke, mp
DA HSERREDIR A FRE, 25 Ak A+ 2 A8 (b % SMBC/SMBN #4452, BF5E X SMBC/SMBN
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AT ASAA T+ 5.82—36.71, Tk AL Y BFFR 45 5 (3.19—20.55) 7 i 25 5, 136 B 8 7o) 905 22 46 7 1+ X 7€
) IR TR D B RS, UK [ SMBC/SMBN BB A B W H Bk B Al B
X A BER/N, vTRE T H B B HEE/KORI &, WA R VE D r s A R T 38 rp BT 1) R B 00, it
I 25 2 i [ B R T 3R 3 e e % 5 T 4 2% SMBC/SMBN I , 356 7T i & B T A IS 22 43006 T A2 i 1358
I T B ) T, 30 SMBC/SMBN fRAE ) . 0—10 em 5 SMBC/SMBN (12 25 i 45 40—50 em J2HE K,
B 40—50 em 2 FEBRAE J1%E 0—10 em ZHFAE , iX 5 Bailey 4 #5845 R —5, ARRZEF7 SMBC/SMBN
+JZARARIE A 5, HFFME 2, 10—20 cm JZ SMBC/SMBN #)5 T 0—10 cm 2, 1l fEH THEBH S RUKE
BRETRN, MRIEERFE R B AR TZE, T2 BAYR R &k, I K m R 2 %5, S35
SMBC/SMBN F1#5 57 ifii SMBC/SMBN 7Rk 25 it + J2 TR B A3 A0 i ARG, 7 & 2200 52 N7 B AR (L R 3 | X 5
M DRFXE L e 45 RN, n] B TR RIS XM | 3 AW SRR ), S8 st 45 SR A 22
5., SMBC/SMBN (#2545 F1 4 2 25 5 U 17 75 98 o JRL A 5 () R R v, L 38 v nl BB A FE SRR I B 4, B
X kA 1R 22 75— 29 R IR G E D T

3.3 SMBC/SOC SMBN/TN ({25 Ak41E

TR YA Y S SR 0 BB T AR R - 5 43 1) SR ) A e Y R R ORISR o i
2K, AR FRAF 3878 Ab i R bE SOl fff ) -+ et A A e ol - 3SR Ay A Y SR IX SMBC X SOC
TUHRRAE L Z R, &AM 1T SMBN XF TN BTk RAEAK Zdne iy, I, 1X 54 i 45 Y B o2 45 SR A TR
SMBC Xf SOC T#k AT 0.58%—1.18%, 1fii SMBN %} TN BTk AT 0.39%—0.72% , 5 s 18 448
1L 7 FERE b Y SMBC/SOC ( 0.16%—0.84% ) AH HLHE 25, 5 SMBN/TN (0.48%—1.93% ) AH LLBEAIG ; X T Liao
i Xie' ' WEFSAEBE 35 N AY SMBC/SOC (2% —7% ) , HAKTF Devi il Yadava'* #F5¢ 1R & FR MK R S5 SMBN/TN
(2%—7.8% ) , 1% P Bl 22 55 1) JRL R ] REJR BRI IX S 25 AR o, A s e AR, [R)— 21 Bl = 2
% ,SMBC/SOC . SMBN/TN ¥ RE 5 FRE#3, Bl 0—10 em JZ SMBC %} SOC Tk  SMBN X} TN 57 kK 1 5
F 40—50 cm )2, F W 40—50 cm JZXF SMBC SMBN [ ZFEE 155 F 0—10 em JZ, X 5 5 E AL BT
giR—,

3.4 EmERST

S0 SMBC . SMBN N Z B 2k, ZA81LM 5 ,SMBC 5 ST 4 B F IEM LR, BIAFFEIX ST 2
SN SMBC Z=45 75 i) FE K 2 —, H. SMBC 5 SWC .SS . pH & B F IFAE KA, Uil SWC.SS pH Al fE
JERCIR SMBC ZE T AR L B Z N R X ST A FT 45 SR —20 ', {H SMBN 5 ST SS . pH ¥4 i 3 6 A 56
KR, X Armold %I ST LS A 25 R L IERUAE Y AR Y2 ST .SS pH R HA — 2 & 2, A
WF5E X AR B AT 45 R AT fE A [R], SMBC/SMBN 5 ST SWC  pH £ B #F EA KR, KB fb#ashaz ST,
SWC .pH ZE 1AL LR,

b + 27454k, SMBC . SMBN ¥J5 SOC TN ST ‘¢ i 3 IE A R |, X 5 /i AAFFE 245 SR — 80 ), fknl
UL, Bk ST 4, AS[A] )2 - HE% 4R Il 14 22 57 v REAL 2 52 1 SMBC . SMBN 7% 4k () 5 %2 K 26, 3 AL 75 2k vy v
SRR 3 A o 0y S5 R i Sl 5 78 A, SOC TN it 43 T4 F88 184 o T [ 1, 3X 5 SMIBC . SMIBN (1) +
JEARE# A —3L, SMBC 5 pH W RO R, X 5 4T BAE IR 45 R —30, (05 Ma 257 78 =AM
T Hb AT 5 85 RS 5 4 ), 8 ) 555 T ek B 5 ] R B A ) 1 2k W 1 558, (R pHL (X SMIBC. 114 5% 1] PR F 5%
X[ AT REA 25 5%, BGB 5 SMBC 2 W3 IEASCKE R, 5 SMBN 2 0 3 IEAHIC R , W] BGB /& 52
SMBC . SMBN 7£ + 2748 fb i E 2K 2K, bl 1 )2 IR EE 3G fin, BGB % AIX, SMBC . SMBN i 522 R #4 . SMBC/
SMBN 5 + 855 K F 2 M R R B A GG R X AT g S 5% X ARRBR 1 R HEARBE S50 6

4 Zig
B 450 0T YR 22 A VR A IX R JE LA SMBC, SMBN 2 iy 8 Ak 3 [l 43 il O 346.9—607.25 mg/kg, 25. 84—
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39.59 mg/kg; SMBC X SOC TT#kHRATF 0.58%—1.18% ,SMBN X} TN Tk RILHI N 0.39%—0.72% , ¥IAb i A%
JKF-; SMBC/SMBN ZEAE 5 [ oy 8.77—23.59 , &b T4 i /K-F-, SMBC SMBN 4l + J22 T 5 1) 58 fin iy o 2% [ {1
H 0—10 c¢m )= SMBC SMBN SMBC/SMBN Z= 757421 K T HAh 4 )2, B 40—50 cm J2 (1% [ 5k 2 14 0—10 cm
JEHERE s BE 2R, SMBC/SOC SMBN/TN /8 T a3, & 40—50 cm JZXT SMBC SMBN ) 21
fiE4155 T 0—10 cm, SMBC SMBN {275 fl +)2254k 3% ST .SOC TN .BGB .pH .SWC . SS H5 1 g 3 , Horp ST
I BGB J& SMBC ,SMBN ZE L i) T B MR R 2
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