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Abstract ;[ Objective | The aims of this study are to explore the characteristics of soil enzyme activity and its
chemical stoichiometry in alpine meadows of the Qinghai-Tibet Plateau under different artificial grass
species, and provide scientific basis for a deeper understanding of soil nutrient status and grassland ecosystem
function in the alpine pastoral areas. [ Methods] Soils in seven different artificial grass planting including Poa
crymophila s Elymus submuticus, Elymus breviaristatus, Elymus nutans , Puccinellia tenuiflora » Elymus
sibiricus ,» and Roegneria pauciflora, were chosen as research objects, and the adjacent natural temperate
grassland was used as a control (CK). The enzyme activity and chemical stoichiometry related to soil carbon,

nitrogen and phosphorus cycles were investigated. [ Results] (1) The soil enzyme activity in different pasture
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planting sites was significantly different, which was in the range of 3~496 nmol/(g « h), and the soil
enzyme activities of the seven pasture species were significantly lower than that of the control at 13~506
nmol/(g * h). (2) No significant difference in soil carbon/nitrogen enzyme ratio (E¢.y) was observed among
the different sites, and the carbon/phosphorus enzyme ratio (E¢.p) at 0.82 and nitrogen/phosphorus enzyme
ratio (Ey.p) at 0.94 were the highest in the plot of Poa crymophila. The vector angles of soil enzyme
activities for all seven grass types were greater than 45°, indicating that soil microorganisms in the pastoral
areas were limited by phosphorus. (3) Soil enzyme activities and its chemical stoichiometry were mainly
influenced by soil organic carbon, total nitrogen, soil moisture, microbial biomass carbon, and microbial
biomass nitrogen, were also significantly related to MBC : MBN, SOC : TP and TN : TP. [ Conclusion] The
cultivation of artificial pasture has changed the nutrient structure of soil and affected the secretion of soil
enzymes. There are significant differences in soil enzyme activity and chemical stoichiometry among different
pasture species planting sites. In the future, the composition and functional characteristics of soil microbial
communities can be further revealed to elucidate the mechanisms of nutrient cycling and grassland ecosystem
function in high-altitude alpine meadow soils of the Qinghai-Tibet Plateau.

Keywords: Qinghai-Tibet Plateau; artificial grass planting land; soil enzyme activity; soil enzyme stoichiometry

T ey I e T e A 2 AR AR AR Y K IR SR
AW Z AR PE AR T 45 07 T o N AR M6 T 8 2 AR 25 IR
5 DRE L2 4% i A Ol 6 e A% 7R R SO A Y
LY ARk, 2 A BRI AS IR L B F T JE
FAFR A B AL OL AN R e R HUAE S R G
MFRE 5 R 2 B E N, R HESR A i
B AR OGP RO A T R . T A W)
3 P MM A% i AR ) A2 i R A SRR AR Bl A 1
R — LR LR B O AL A
FPE R AN R i 2 A R e e A TS R 1
P RE T b L S G (Y P B A — E R b T
IR L AL T i R A TR A
I W3R 53 R T BE O AR AL A 4 10 A X B R BR
il TR AR AN 2E 25 5 R B R HESR IR B AT IR R
BF BT R S S A W A S SR )
MW A KR Z R P A A3 P R B . o P2
TR 1 s 1 s 1, —H Bl b i i 25 e LU (R,
SEA AR W 32 3 4 B9 0 A R L

PTAFE , G T LA AL T R R BT Z 4
TR A F AR A S R GE AN TR A A B
PPN . DFSER I w08 1l X 1 357
I3 A W AR e R R A S T A W AV
PR BE ARG 0 M v e 7 DA [ B b R T 7
A CONLP Ao it A g 6 MR AR A7 7 1 3 22
SoH M AY EEZ N FRSRE . T 1
il )T 5€ 22 41 v L 2 ) B AR 2R g TR 3R 0T i 0 1 e G
ATt AR L WAk PR R 2R R IR R L K
TR RO AN A W R A RAENY L BB
TR N TR A PR it ) L e i Bl - S BRI

TR Y B3 R B AR A PR I8 DT ol - S K 7l L i 4
b SR AR DL B IR Ml R i ) O i
o IAWITEAE L BEE AR S R A T L SRR
K T CCBHD + B-1 . 4~ % Bl 1 | (BG) H1 N-£ 13-
D~ % 0 1 1l (NAG) B 3% P A L 5 20 IR 24 5 ik il
CLAP) 35 P38 it 5 100 45 ~F- 225 i oK et 0 8 0% 1 06
FHRWUY L BARE T T iR € ) - Ml
Lo HAR 27 v L R R e 57 53 R 64 BIF 58 A X S

FH AR T AT AR AR i e FE A R
G L e AN () A Ao 28T e A8 A1 il 0 1 S AL
T AR AR 0 T 5 v FE X 8 B A D R R A
A J B S S, B, DAY b LR (Poa cry-
mophila) JCT=PEHHE (Elymus submuticus) S8 TP Bl #
(Elymus breviaristatus) . ZERE BB 5 (Elymus nutans) .
B R  (Puccinellia tenuiflora) | [7] 135 3% 72 2% (Elymus
sibiricus) FAETE W B (Roegneria pauciflora) 7 s 9
DX ML Y O S F 5000 4L T 3 A SR AR )
HR AL 7 R S RIEA C(CBH,BG #l B-1,4- Kb
W (XYL U I CLAP, NAG I T4 22 iR 220 5 ik it
CALA) IRV PRAR 5 i Col P8 2 6 CALP) D B 35 4 K%
Mt A~ A R R B B AN [m] b 2 R S0 A= )
I3 BRAR O LA K 4 il 1% P K 3 6 L 170 2R 455 3K
ST AT 8 e B R S A W 3R O 16
A e v A 35 2R 58 T RE B AR 1 LA

1 MREFE

1.1 HARXHER
RS DX BEAE H R 75 1 4 TR) A L 7 0 )k R ol s
J7(35.25°N,100.65°E) . 4K 3 280 m, HiL )& = [ K fli =<,



%13

% 57 0 A e T M XS ) N I o 2 X S Tl O P T A 2 T EE Y R 75

i AR A 0.2 °C L AR FEK 3 429.8 mm, JC 48 %) 56
B, WFSE DA TS AL Sy 0 AT 4, IR P&
31.57 g/kg, A F O 2.77 g/kg, W | N 0.51
g/ kg, TIEEIKE Ty 210, AR B S AL Ay LAY (14 5 11 7T
fa), FEE YRy 2 4 A AR A A 45 R K B (Ach-
natherum splendens) . &%t 5 (Stipa picillata) . K &
(Orinus thoroldii) 1 H AR (Saussurea japonica) 5
1.2 Rt

N T B R EE T 2013 4R UEAT e R 00 7 N
RERPZE A3 531 SRy ¥ MR AOR (LD) L JE 25 4 B R (WMD) | i
TP (DMVD (AR B % 5 (CP) L B B (XX | [m] 7 3
T3 (TD) M BT AERE WL 5 (PHD L 359 75 98 3 J X Tl Ay
Ji 0 3 R A R, I DL T A R 4K TR A R DA A 6 R
(CK), R PEpELIZ & 3 1> 3 mX4 m WEEHIPE R
HA L ATt 24 D FEHL, S SRR BT, R b 2 ] D
L5 mIE G m BRI . 3 AR 18 g 3 Fh PR b 1%
RN 7 A N THCH IR b 3 200 3 A= LA it fin
AEAT R AR A =T ST BR T P A 24 7T, B 4F 9
H A R R 5 cm FRIESN L AR
1.3 TEERERSH

2019 4EFEAT L AR R EE, BBRML R IEY)

JE AE AR BEALRE 3 A LA (HAR S
em, WEE 0—10 cm) , JRH HIE A W — DN E S A,
U 43 B - R 2 B ORAE T 4 CokA P, FH T L el
T A A W I . PR R Ay AT R
o, T R E (pHD LA HLIK (SOC) | 4 &
(TN) & (TP 5 3 AL T8 b5 19 5 .

SR FH G 7 T 7% 4 O D A AR ) o
(MBO) | i A& 4 A5 5 0 (MBND #5324 9 46 ) 2
(MBP)# B : MBC & 5 {# Fi] Liqui TOCIL 43 #7X (Ele-
mentar, Germany) il €, MBN & F 9L [ € & 50 2,
MBP i I 54 M 66 BRI 5 s SOC 5 iR H, SO, -
K, Cr, O AL M s TN & ik HIEIL e Ak A5 TP
SR AR BB LE (8 s 1 5 A8 A (SaND RIS 2
A (SxN) & iR KCLR - sh 4 Hr A0 e , -4 v
HRAR AN F B SaN Fil SxN &2 fil, +3 pH
pH i1 (Metrohm702, Herisau, Switzerland) 7E + 7K Ft R
15 BB g, HIEE KW R A E ST 1
WZE, TSR IAPE BT A5 RN R 1 s, R ML
MRAENEE M R T E TS C IR M R
CBH., BG 1 XYL, 5 N ¥4 X8 LAP, NAG #l
ALA DK 5 PIEIRA M ALP 161k,

F1 FRMEMEBTEERELER

Table 1 Basic physical and chemical properties of soil in different pasture fields

Lyg SOC/ TN/ TP/ SaN/ SxN/

FA v (g kg™ (g+ kg™ (g+kg') (mgekg ') (mgekg ") SOCHTN S0CHTP NI
LD  0.20+0.0lab 19.3840.44a 1.51£0.05ab 0.6340.03a  9.06+1.57b 2.2840.41abc 12.88+0.31a 30.91+£1.19b 2.41%0.15ab
WM 0.1940.01b  18.71£0.12a 1.52£0.04ab  0.63£0.0la  9.6240.80ab 1.924+0.41abc 12.32+0.25a 29.69+0.46b 2.4140.02ab
DM 0.19£0.01b  21.62+1.58a 1.5340.09ab 0.6540.02a 16.704+2.07ab 1.17£0.10c ~ 14.134+0.65a 33.41+1.69ab 2.37+0.11ab
CP  0.224+0.0la 21.91+1.27a 1.68+0.18a  0.66+0.0la 12.51+2.84ab 2.784+0.65a  13.20+0.83a 33.39+1.63ab 2.56+0.24a
XX  0.2140.0lab 19.22+1.59a 1.3440.09b  0.66+0.03a 12.66+3.17ab 2.65+0.49ab 14.60+2.25a 29.16+1.61b 2.06+0.19b
TD  0.194£0.00b 21.53+1.28a 1.4240.05ab  0.60£0.01a 18.61+£5.53a 1.96+0.12abc 15.20+£0.55a 35.84+1.75a 2.3640.04ab
PH 0.15+0.0lc 18.90+1.51a 1.38+0.07b  0.62+0.02a 12.43+2.50ab 1.4740.35bc 13.62+0.48a 30.45+1.50b 2.2340.05ab
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Fig. 1 Characteristics of soil enzyme activities under different grass species
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Table 2 Stoichiometric and vector characteristics of soil microbial biomass and enzyme activity under different grass species

MR A Ec.x Ec.p Ex:p MBC: MBN  MBC: MBP  MBN : MBP VL VA
LD 0.88+0.0l1a  0.82+0.01a 0.94+0.00a  6.2840.66bc  10.9142.0lbc  1.76+0.37a  0.42+0.02a  52.6740.05¢c
WM 0.884+0.00a  0.81+0.00ab  0.9240.00ab  3.89+0.16d  6.47+0.16d  1.6740.05ab  0.424+0.00a  54.4140.30hc
DM 0.8840.0la  0.80%+0.02ab  0.9140.02abed 4.2140.38d  6.43+0.60d  1.5340.00ab  0.4140.02a  55.76+2.46abc
CP 0.88+0.01a  0.81+0.0lab  0.9240.0labec  5.79+0.88cd  7.444+1.97cd  1.25+0.15b  0.41+0.0la  55.304+1.09bc
XX 0.8840.0la  0.7940.0lab  0.900.00bed  7.53+0.32bc  5.03+0.52d  0.6740.06c  0.414+0.02a  57.2740.80ab
TD  0.884+0.0la  0.78+0.01b 0.89+0.00d  8.03+1.06b  14.56+1.61ab 1.83+0.10a  0.39+0.0la  59.01+0.42a
PH 0.8840.0la  0.78+0.01b 0.8940.0lcd 10.43+0.65a  14.8140.58a  1.44+0.14ab  0.39+0.0la  58.82+0.46a
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Fig. 2 Soil microbial biomass under different grass species
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Table 3 Correlation analysis of soil physicochemical properties and enzyme activities

[P w Soc TN TP SaN SxN MBC MBN MBP
BG —0.178 0.466" 0.221 —0.037 —0.128 —0.038 0.392 —0.139 0.004
CBH 0.460" 0.395 0.649" " 0.366 —0.206 0.089 —0.563"" 0.455”7 —0.169
XYL 0.492" 0.474" 0.662" " 0.303 —0.097 0.246 —0.308 0.400 0.044
NAG —0.250 0.350 0.163 0.157 0.041 0.121 0.496" —0.033 0.052
LAP 0.307 0.438" 0.716 " * 0.377 —0.214 0.237 —0.265 0.519" —0.130
ALA 0.097 0.500" 0.594" " 0.253 —0.149 0.135 0.137 0.388 —0.162
ALP —0.413 0.370 0.238 —0.036 0.220 0.057 0.409 0.020 —0.200
W FR p<<0.05, " Fim p<<0.01, T,
x4 TENMEVEVE FAULFHERSIEBRETEREALZITERNBEXES R
Table 4 Correlation analysis of soil microbial biomass, nutrient stoichiometric ratio
with soil enzyme activity and its stoichiometric ratio
fifg Ao 2 MBC : MBN MBC : MBP MBN : MBP SOC : TN SOC : TP TN : TP
BG 0.362 0.293 —0.062 0.188 0.541" 0.249
CBH —0.714"" —0.398 0.244 —0.242 0.230 0.505"
XYL —0.509" —0.341 0.092 —0.171 0.355 0.557""
NAG 0.366 0.373 0.058 0.161 0.312 0.096
LAP —0.523" —0.183 0.312 —0.292 0.278 0.561" "
ALA —0.133 0.172 0.366 —0.129 0.415 0.491"
ALP 0.303 0.464" 0.233 0.068 0.437" 0.250
Ec.x 0.031 —0.200 —0.343 0.280 0.453" 0.158
Ec.p —0.378 —0.321 —0.019 —0.074 0.274 0.375
Ex.»p —0.519" —0.292 0.200 —0.275 0.070 0.391
1.0 F 0.7 i B MBNV‘
g PSS A
& %
) .2
04 b 1 1 L -0.7 b
-1.0 0.6 -1.0
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Fig. 3 Redundancy analysis of soil physicochemical properties with soil enzyme activity (A) and enzyme stoichiometry (B)
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B o AS] PR R A 1 7 R 4 T 1 S R R T
XPHRZH -3, AlE . 5§ CK 35 405 B (SOC
31.57 g/kg, TN 2.77 g/kg) Hl Fb , 5 Fh A B 3 AR
T AR A IR (SOC 18.71~21.91 g/kg, TN
1.34~1.68 g/kg) , MEAE FH A IR P B /b, S B0
P 0] R 3% 50 ARG Uk 2D A K A2 B ik A 2 R G il
TEVE AR REAR. 43 IF R G % T - HERAG 25 AH ¢
ity , LD A4 XYL F1 CBH 3 M 5 T I Al 5, & ] LD
b A 3 e A QR L T LA R A R TR TR BR . A
PEFRAHOCHE NAG JZAE ™ A F LA AR IR 43 sl HE A AR
YIBOR L EEAERIUT BURgs i JL T BT LU A Bl
FROPMM ) HE M R PR PH R L (R IR
FHHEARK SRR UILT = T AR
VR PH A KR T E NAG B35 AR
RN A 7 25 A E IR W EVE 25K /M. LAP i
ALA PR Ak 22 IS o il 28 22k 2 17 2 1 K Fifk g AR 3k
56 v L A [R] A0 A v TG 3 25 L R AL
Az B T R R R B BRI AR e .
IAH T ALP ELHESE W A7 AILBE 7E 1 498 b 1) 43 e
b, P AT BLBE B B R0 A ) Sl
T AT Ak oy BIR o 7% 43 1) AR I, T 48 P B 2K 1 e i s
SR A 0 7= A T 2 (1 Wl R UG L £ £ 3 b A P
1 53 ff LA BE oA AR 22 L ARG b ALP R
PETE T A FE b3 35 5 o B 5 - 58 P A RO KO B
5% HAE LD, WM Al XX A 1 o 36 BUAR X 421K, 2 W
X3 PR AT AR — R L HCAE AR KO A B 3R %
AR, A, AR5 25 R R, AR P
FhA AL -3 TP &84 0.60~0.66 g/kg, & T CK
3 TP % 0.51 g/kg. *FF 8 2 A X 6= 9 £ 4,
WO AR ] — e B LR R e S,
32 ARAAIHEMENLEHBLETENEZN
- S Ak A T AT PP AR SR W 00 5 43 R R R L
DA R A A W 37 43 i SR 5 IR 7 ] A - . 3 AT i
A2 T REAE 3BT R 43 LB DG R L AT BH A
PR %t 32 4y BRI B SR s . AR R Ecovo N
1: 114 ¢ 1.25, i HIE e akm bt it 1 12 19,58
FHAIF 2 IX SRR SO Rl 0 HB Al 05 1 A v o AR Al 9 0 40
FC BRI A A T A R 1 43 B v BRI
PETCR A R L TR BRI . A b
TR A A A BS W R R, HIEUE Y SN T 2 R IR R
B R 7 43 00 3R L, 43 WA T 22 R G g LA AR AR AR
W B AR EE R, VA TR T A R R b
KT 457, ] i A M X - 398wl A0 B 15 M 5 A
Jirt DAL A W 52 Wl 5 0 BRI A kg 7™ o DT 368 ok 34 55
3 VTl ) UG 1 BE 0 B A 0 3R 4 LA R A B R

KR, R, LD FeE+38 Ec. o M Ex. o 3B E &
T PH 1 TD, 2 B H w48 O 19 73 M6 /K 7 380, HL
PH #1 TD H#h VA 53 % T LD, #F — 2 U3t LD
RCRE 1) G ik Wl 75 0 IR A8 1 P AT 2050 G At T8 o g e B K
WA, S FEMLZ ] Ec. JF W E 25, HIHE 4%
AT 3 2 B A 0 X Bk R R 0 B SR TEAS [) R o
J5 4 88 ) Al T DR R AR E I BB R R 2RO R
EcnEZRNESFHE.
33 tESmMREAFITERNEMES

e B EORUE TR AR R | IS s A
O3 WA B L BR A oy i 0 A LT M A2 0 Ak e BE LA
BRSNS Ay pHL U W AR ) AT
YRR E Z N TR AR, 7 A TR
- S R AN [ R S R A R R A R A
A2 S U T A S GAE W R 3 0 AR ) At R U
T 52 0 5 42 0 9 1) 00 o A2 46, A1 0 - 3 A= 4 4
WA HE A TR A D A SR A BT 4 SR R B, SOC,
TN F W & 52 M 58 Bl 06 1 0 GBI . WL A
A2 = 19w it JEC 400 1) 52 07 40 D0 R 3 2 R - 1 il
T P RRS E T 1 A ML Lo R i i R 25
PR G PED . Liv S MRl - s A
ML o 5 4 Sl 2 D) AH G L AN [R) 40 B b 2 + S i 1
PERY 22 S5 AT RE R A FL 3G 5 kS . Ah, 3P
REANUE LG Z5F 45y . B HEa HLs P A
MUSRA R R b A MmN 7, BEs
4B R HEETE S SOC, TN B2 FAHE R, HKH
T AR R AR 0 R A R T
TR S B LA IR BR B L 4 W R & 1 5% 43 AR IR
B UAAER B0, M ok B2 5 LA
SV 5 348 308 2 5 W Bl A 4 RA A AR AR ) A A Bl el AR
SRR PELT L AE R Wk B S PR Y IE L RN 3
FETE o R fifk B R0 280 5, (A X CBH #1 XYL B 1IE&L
IVETE N o ) R | IR D =R 7
CBH 1 XYL )3 P M A2 2F 5 76 25

TURTMIEE R EW BT SOC, TN Ml W Z4h,
MBC Fl MBN 8 J& 52 W + 48 i K Ho Ak 27 1 i b Y &
BT A Y R AR T W U R 3R
R T A 0 B R B R R AR B L A W AR W R T
PES R A2 Y 58 A O PE L B 7R 1 2 00 58 Hh Bk
WS, it SOC :+ TP il TN « TP %t
it 0% M B FE AR 2 3 %) 1E B8O L VR AR A 6 A
RANBE IR B4, AR R I o & 22 Sl
AR - HEFR A SR L AR B A - HERR | RURBE Y 1L 2
VI R AE B0 W Y T A T %) 4 0 LA 3 N A 85 Tl
fefit e ek Ay . B4, 3 MBC : MBN 57%
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A )T VR S A G R AN P R A e R L AR
5.1 24T R R 6.1, B 1017, WM #1 DM
FEHb ) MBC @ MBN f ik, 0 3.89,4.21, Bf &5 41
YBR[ E B BE R, T PH AR R (10.43) BB 1Y He A4l
N 1 o 3 L1 e e D G e g ]
153 WA HAT B3 52, WS R b, CBHL XYL
LAP it 5 MBC : MBN i fH ¢, 5 B - HE R 7% op
) 0 TR A A AT 4 R a3 P R Y 9 R A R, TR TE
B A RO A S R AR TR

4 % ig

A 5% 3% B L 0 b 28 X - 3 A | ZE0RN W 1 24 AH
O il 3 Pk S L A 2F T AT R S N (R
e b+ SR B TS M AE 3~496 nmol/(g » h) Z[H], 2 F
R, HIE T CKC13~506 nmol/(g « h)J, HH,
ACER A A X e R0 RO B R OC T (CBH B A0 ) 5% i 51
K.t CK AR 2= 40% LA b, [FAF, L3 ALP
T BT T A, Kk AR R T 45°, R A
FHX M AEYZ R BEFRRE. L% Ec, Ml
Ex.oZ B FMAR B E L, Hrp LD MM Ec.
N E . p e K (0.82,0.94) , & B L5 &5 14 85 3 Ut 43
WK T E e TEAS RN HCR 22 () JC B B 25 55, R B
WERMEIFAR EcZFWESKHE, W,
SOC Fl TN J& 52 ) 4 e R IG M 2 HoAb 7 it sy %
PZ L1 SOC = TP Ml TN = TP {728 {k 1 55 B % 1k
KH AR 5 1 i 35 AR G, T AS [6] 50w b A b+ 43¢
MBC,MBN % % MBC : MBN 22 %% 4E 1 49
TET 25 R0 0 DX, 52 e 1 i Y 43 W . ASF ST B T
AN ) o 248 AR 4 3 i 35 P R G b 27 3 R R AR B K
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