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Abstract: With the rapid increase of global nitrogen deposition rate, it had a profound impact on the activity and
metabolism of microbial community in the terrestrial ecosystem. Therefore, it is urgent to understand the response of soil
microbial biomass and enzyme activity to nitrogen addition in the sensitive areas of global climate change. Therefore, taking
Bayinbuluk alpine wetland in the arid region of the Central Asia as the research object, this study selected 3 types of well
protected alpine wetlands: Swamp (S), Swamp meadow (SM) and Meadow (M), and arranged field in situ nitrogen
addition experiments ( nitrogen application concentrations are 0, 8 and 16 kg N hm™ a™", respectively). The aim is to
explore the effects of short—term nitrogen addition on soil microbial biomass carbon ( MBC), microbial biomass nitrogen
(MBN) , microbial biomass carbon/nitrogen ( MBC/MBN) , microbial quotient ( QMB) , soil protease, urease, alkaline
phosphatase, H,0, enzyme and sucrase activities. Results showed that: (1) there were significant differences in soil
microbial biomass and enzyme activities among different wetland types in alpine wetland. The MBC, MBN, MBC/N and
QMB in the SM were higher than those in S and M. For enzyme activities, soil protease and alkaline phosphatase activities
in the SM and M were higher, and H,O, enzyme and urease activities in M were higher. (2) Nitrogen addition significantly
increased soil MBC and MBN in the 3 wetland types, in which MBC increased by 7.00%—119.00% and MBN increased by
8.03%—38.26%. Nitrogen addition only significantly increased soil MBC/N and QMB in S and SM area (increased by
24.68%—113.10% ) , but inhibited soil MBC/N and QMB in M area ( inhibited by 8.93%—10.36%). (3) Nitrogen
addition significantly increased the activities of urease, protease and H,0, in the soil of the 3 areas, by 7.25%—59.63% ,
4.71%—58.55% , and 34.70%—157.27% , respectively. However, nitrogen addition had no significant effect on soil
alkaline phosphatase activity. For sucrase, N1 treatment increased soil sucrase activity in the S area ( increased by
58.58% ), N2 treatment significantly decreased by 22.72% , while nitrogen addition had no significant effect on sucrase
activity in SM and M area. (4) Results of structural equation model (SEM) showed that nitrogen addition directly increased
soil microbial biomass and enzyme activity. With the change of wetland type (S-SM-M), soil enzyme activity increased
significantly and indirectly through pH; Changes in wetland types also indirectly increased soil microbial biomass by
affecting pH, organic carbon and available nutrients. In conclusion, nitrogen addition and wetland type can directly or
indirectly affect soil microbial biomass and enzyme activity. Soil pH and organic carbon are the main influencing factors of
microbial biomass and enzyme activity. This study can provide technical reference for the formulation of measures to deal

with future climate change in alpine wetlands in arid areas of the Central Asia.
Key Words: nitrogen addition; alpine wetland; microbial biomass; enzyme activity
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Table 1 Effects of nitrogen addition on soil basic chemical properties of alpine wetland

bk A HR A £ K e
X35 i3 Organic Available Available Available Total Total Total
Area Treatment ol carbon/ nitrogen/  phosphorus/  potassium/ nirogen/  phosphorus/ potassium/
(g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (¢/ke)
S CK 7.19:0.05aB  97.94%3.18aA 119.25:3.17aA  56.14£0.46aC 158.33+2.89aC 8.94:0.91bA  0.90£0.12aC  12.93£0.10aC
N1 7.27:0.04aB  97.25:2.83aA 114.64x4.16aA 56.14£2.33aC  158.33£17.56aC 7.78+0.59bA  0.83%0.10aB  14.82+1.31aC
N2 7.15:0.04aB  97.68+0.54aA 118.67+1.48aA 55.76x1.31aC  165.00£5.00aB 10.64:0.33aA  0.84£0.07aC  14.84x1.42aC
M CK 8.07£0.08aA  70.58+0.3aB  78.02+11.96bB 77.41+3.69aA 326.67+7.64bB 7.1:0.83aB  1.28+0.12aA  26.091.37aA
N1 8.02:0.01aA  67.62:0.3bB  92.31£10.43aB 79.63+3.72aA 330.00£15.00bB 7.52+0.91aA  1.24:0.50aA  24.14£1.23aA
N2 8.03£0.050A 72.56+1.22aB  94.56+0.20aB  78.56+0.74aA 367.50+3.54aA 7.28+0.50aB  1.35:0.14aA  25.91+1.27aA
M CK 8.0420.08aA 45.51:1.11bC  38.2323.16cC 67.62+1.61aB 363.33£5.77aA 6.88£0.50aB  1.07:0.11aB  17.50+2.31hB
N1 8.06£0.12aA  54.29+1.10aC  62.68+3.88hC 67.84+2.00aB 357.5017.68aA 5.60£0.36aB  1.2+0.17aA 17.74+0.30bB
N2 8.02:0.01aA  52.77:0.38aC  73.90:0.44aC  68.38+2.12aB 358.3312.58aA 5.73:0.66aC  1.09:0.04aB  22.57:0.25aB

S VA% Swamp;SM A Hifi) Swamp meadow; M ; %fi) Meadow; CK: %f 1 Control; N1 /ifi%( 8 kg N hm™2a™'Zb## Nitrogen application 8 kg N hm™?a™" treatment ; N2 ;
M 16 kg N b~ a™ A3 Nitrogen application 8 kg N hm~> a ™" treatment s R[G5 47 A SR 7K BERUR AL I 2 52 0.3 K55 B3 vk

BRI IAL BT A RN R ] 22 5 .2, P<0.05
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Fig.1 Effects of nitrogen addition on soil microbial biomass in alpine wetland
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RGN, AR T 7.69% 1 58.55% , N1 AP ZEIGIN T S X - SRR PE N T 53.58% , N2 Ab 3
TEEWH BTG AR T 22.71% , AE SMIX P, N1 N2 Ab 8 25 88 i 1 -+ 398 26 1 1 R0 ORIt 905 1, 26 1 s o 17
7.25%—59.63% , KBS T 4.719%—12.78% , % AR B 14 JC i 5 0 ( P>0.05) , 7 M X PN, N2 4b#f g 2%
AN Y A AR TS 2 BN T 29.919% F16.58% , N1 N2 AbFHXT M X - 38 P b ity 15 11 G ik 3 5% il
(P>0.05) , = F€ 10 AN [F] 1 b S 70+ Sl v et A AE i 2 25 5%, Frp SMO R ML X 4 B 2 T TG R 3 s, 3R
S X5t 79.84% 1 64.62% , SM FI M X+ Emsi 4 i FR B PE 5 , 58 S X 403l i 1 36.85% 1 21.29%
M [X 43 H, O, BEE PEIG AR, 20 % S [X AN SM X 55 41.57% A1 41.16% , M [X 3[R B P 40 5 , 0 ol
S X SM X 15 219.74% 1 8.97% , 1i 3 Fhigth S 1 S8 EME B ML T 8 3 25 7% (P>0.05) .
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Fig.2 Effects of nitrogen addition on soil enzyme activities in alpine wetland
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Fig.3 Correlation matrix of soil basic chemical properties with enzyme activities and microbial biomass
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FETE R 25 5 (P<0.05) 3 1T LU HOEHb IS X 3080k oAb 0 AT 0% 1 1 5 Ml K /U I 2 i, A L
B B L HOKCER 4 \MBC \MBN ,MBC/MBN  QMB e H, O, B | %6 18 11 8 76 S [5) 08 K7 i
AR LT (22 HAE T AR R 22 5 (P<0.05)

6 FH 45 ¥ 7 AR ( SEMD) I A B 808 1R 368 1 28 280 Sk 4 S it M A A2k i 1 BB AN Pl R i, R
[ 4 1t 2 A8 - K ROk TR R AR MR A i iS5 SEM Ay, Horp B A a4 L sk
Wl U Ak PR B ALTR Y PCL B T 83.04% 78 S, IR Ak Mk ER iR
43, PCl R T 76.33% 728 5, F +4 MBC ,MBN ,MBC/MBN £ QMB >k /R + R Y PCl i@ B T
88.77% WL S H] T B2 il | 1 1l T Tl | RS AR T L HL, O, T | R il 0% 1 R 3K 7 - Sl 05 M, PCL RS T
68.06% A5 5, H1 &l 4 W, Z0AS A b 28 70 ] P 42 k) 22 52 i) - 498 il A 2% IR 552 i) - 498 i 0 2
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7 s P b 24 TR 1) A2 AR 3 1ok AT 3 pH A 8% 40, IR I T -3 it

*2 AREIEHEBMARRFMA T L ES R HEMEMET SR E RS =55
Table 2 Two-way variance analysis of soil chemical properties, microbial biomass and enzyme activities by different wetland type and different

nitrogen levels

Gk RN Nitrogen addition Z5# Type RIEMZER NitrogenXType
Index F P F P F P
pH 1.120 0.350 490.122 <0.001 0.967 0.452
ALK 8.036 0.003 1969.506 <0.001 12.820 <0.001
B % Available nitrogen 18.017 <0.001 219.089 <0.001 7.867 0.001
HUHE Available phosphorus 0.297 0.747 221.601 <0.001 0.269 0.894
AL Available potassium 4.577 0.027 843.560 <0.001 3.305 0.037
4% Total nitrogen 2.451 0.148 23.748 <0.001 3.410 0.066
4= Total phosphorus 0.032 0.969 32.249 <0.001 1.087 0.394
241 Total potassium 8.788 0.002 169.006 <0.001 4.849 0.009
A= P A= W e MBC 289.805 <0.001 1211.502 <0.001 123.864 <0.001
T 9y Wy i MBN 74.161 <0.001 645.560 <0.001 10.043 <0.001
A= A= e/ 6 MBC/N 178.935 <0.001 962.549 <0.001 133.587 <0.001
A MR QMB 200.57 <0.001 1196.191 <0.001 114.878 <0.001
PERE A Sucrase 33.634 <0.001 3.817 0.042 30.502 <0.001
H, 0, i} Catalase 161.208 <0.001 19.374 <0.001 18.784 <0.001
BB IRE Alkaline phosphatase 4.279 0.030 59.875 <0.001 0.956 0.455
JIR A Urease 78.101 <0.001 2413.113 <0.001 6.858 0.002
FE 1 Protease 81.941 <0.001 259.840 <0.001 26.476 <0.001

MBC ; {4 ¥y 4= ¥ = B% Microbial biomass carbon; MBN ; 3 4= #) 2F 4 & %( Microbial biomass nitrogen; MBC/N; oA Wy M W & bR/ Microbial
biomass carbon/nitrogen ; QMB ; {4 ¥ 7 Microbial quotient

HIPE 5 m] T, pH A BRI 398 ol A o FR) S M R i 2 1 0 o e A 0 2 T 1940 s 1 A 5 2000 g
F ., pH NS SRR M A S QL5 T S RO 4 e R 0 ) TR 1 5 W) ) VA BN

3 it

3.1 AN R FE AN (R Hb 2t Y 4 SR A W 1 R )

TEHEY R HRAE R RGN A EEA R, S 52 S AR AT A ST R T i A=
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PRI G RO N ] B 2 3 5 M) - R i AR IR YR R (MBC) AR A (MBN) AT E A +
SRR DRI G PR R AR R bR, TR MRS (QMB) MAE— @R BE RO 1 3 BLAK R 4%, B DA A 38
T A AR W R TR RS - SR AR AL A SR AR Y E R SSRGS I R W R e
T S R LA AR K AT R P, 10, 76K 3 LU RbR - S5 A AF 5 2 PR N T S 35 6 m + 3% MBC'> B
WA B % PR GSIN B 35 BRAR T 5 ORI AR AR 35 % MBC, 380 7 MBN 2850 | —I01 Meta 4307 & BE, A
JINREARR T ZR AR5 M+ 3 ) MBC A0 MBN, 1 % 4 B A 1 384 35 TE )32, X 5 A= W ik A28l e
FrEemt A A A e R Y AR g b, EEBS ISR b T R €+ 1 MBC  MBN MBC/MBN
M QMB {H, — 71, AT REE TR N M T e R BRG], fE it T 3o s v | o s>, 55
—J5 1, ] RESE RN IR VRIS M RIAE TR R A A B T IR E R R A BRI AR ST L
A e FENR AP (S) JAFE R (SM) Fif) (M) T3 Y B G A E g s, Hd SM X
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Fig.4 Structural equation model of soil microbial biomass and enzyme activity for each factor
1+ FJ7 Chi-square; df: I 1 Degrees of freedom; RMSEA ; JIE {342 22 4 77 4 Root-mean-square error of approximation; CFI; K 88l & 4 4t
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Fig.5 Effects of various factors on soil microbial biomass and

enzyme activities
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