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Effect of soil organic matter chemical compositions on soil protease and urease activity in
alpine grassland soilsin Northern Xizang, China
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Abstract

Aims Soil enzymes play an important role in the process of soil nutrient transformation. The main purpose of
this study is to explore the chemical composition of soil organic matter and its effect on soil protease and urease
activity in alpine grasslands in Northern Xizang, China.

Methods The pyrolysis Gas Chromatograph/Mass Spectrometer (Py-GC/MS) was used to obtain the chemical
compositions of soil organic matter, and to analyze the relationships between soil chemical compositions and soil
enzyme activity in five alpine grasslands, including alpine meadow, alpine grassland, alpine meadow grassland,
alpine desert grassland and alpine desert ecosystems.

Important findings The results showed that the enzyme activities among five alpine grassland soils (0—15 cm)
were different. Soil urease activity was significantly higher than soil protease activity in the alpine desert steppe,
while the difference between the urease and protease activities was not significant in other types of alpine
grasslands. Soil protease activity was significantly different among five alpine grassland types, but soil urease
activity was not. The correlation analysis showed that soil protease activity was closely related to the relative
abundance of alkanes, alkenes and aromatics in soil organic matter and the ratio of furfural to pyrrole. However,
the correlation relationships between urease activity and soil organic matter chemical compositions were not
significant. The results indicated that alpine grassland type and soil organic matter chemistry were the key factors
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affecting soil protease activity, but their effects on soil urease activity was non-significant, which calls for further

study on the influencing factors on soil urease activity.

Key words alpine meadow; alpine steppe; soil organic matter chemical composition; enzyme activity; Pyrolysis

Gas Chromatograph/Mass Spectrometer (Py-GC/MS)
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Tablel Soil organic matter chemical compositions in Northern Xizang
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FEHZEA Grassland type
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Fig. 2 Amount of different soil organic matter chemical
compositions by Py-GC/MS in Northern Xizang, China (mean
+ SE). Different lowercase letters indicate significant
differences among different grasslands (p < 0.05). AD, alpine
desert; ADS, alpine desert steppe; AM, alpine meadow; AMS,
alpine meadow steppe; AS, alpine steppe
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Fig. 3 Richness index of soil organic matter compositions in
different alpine grassland soils in Northern Xizang, China.
Different lowercase letters indicate significant differences
among different grasslands (p < 0.05). AD, alpine desert; ADS,
alpine desert steppe; AM, alpine meadow; AMS, alpine
meadow steppe; AS, alpine steppe
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JORAE i € B, 3 WL PR T UG, 3R
N FE R R IEARNT EE R (p < 0.05)E T H 44
Pl 2R A+ R (). R T s SRR oR, SFhE
A USRS H AT — € 22 57, B [A— 5
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Fig. 4 Relative abundance of soil organic matter chemical
compositions in different grassland soils in Northern Xizang,
China. AD, alpine desert; ADS, alpine desert steppe; AM, alpine
meadow; AMS, alpine meadow steppe; AS, alpine steppe.

1.0t
AMSI1
AMS2
£
N
2 E?, ADS2 ADSL
Toen | —
N /
Qq ~ ADS4K \
= 8 \ JADS3
kv s\
ADS5
| Ap2® e
AD1
-1.04, . . . . X
-1.0 T4 (42.01%) 1.5

PC1 (42.01%)
O &L Alpine meadow | B FEFTIEELR Alpine desert steppe
O =2 Alpine steppe  ® =TI Alpine desert
O B FERAEF Alpline meadow steppe
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Fig. 5 Principal component (PC) analysis of soil organic
matter chemical components in alpine grassland soils in
Northern Xizang, China.

RAIFE s A AR AR, T AS [E] B SR Y 5 A

BT EL(ELS).

22 WitEEEM T IEREME
LA IR AR M ((170.20 £ 55.28)

ng-g h HEFE(p < 0.05) 8 T FETTE((85.60 +

10.02) pg-g “h'). EEERMELH((79.97 £ 43.97)
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Table2 Enzyme activity in different alpine grassland soils in Northern Xizang, China (mean + SE)

HFERI2EAY Alpine grassland type

H AN Protease (ug-g'-h™)

JIRE Urease (mg-kg'-h™")

R Alpine meadow

S IEEL)5 Alpine steppe

I

S IENTIE Alpine desert

I

S IEFLMH ) Alpine meadow steppe

I

N s

HIETLHE R Alpine desert steppe

I

170.20 £ 55.28"°
117.84 + 36.68"%
85.60 + 10.02"
79.97 + 43,97

31.00 +20.815¢

96.25 + 52.08"
130.20 + 41,59
80.07 + 1.97%
68.53 + 6,224
85.86 + 14.31**

ANFIR S G R IR R — B S Y 39 A [ Flg F) 0 1R ) 22 5 23 (p < 0.05), A [A)/ING = BE 7R L SR AE AN [ B0t 8 Y 2 [ ) 22 57 12 2 (p < 0.05)
Different uppercase letters indicate significant difference between the two enzymes in the same grassland type (p < 0.05), while different lowercase letters
indicate significant difference among different grassland types for the same type of enzyme (p < 0.05).

HR3BACA A i TR RIS Y L e B A L A AR AT B R P AR R R )

Table 3 Net nitrogen (N) mineralization rate, net ammonification rate and net nitrification rate in different alpine grassland soils in Northern Xizang, China

(mean + SE)

(RS L sit] RN R QTR AUES

Alpine grassland type Net N mineralization rate (mg'g"-d™")  Net ammonification rate (mg-g™'-d™")  Net nitrification rate (mg-g™'-d™")
T ) Alpine meadow 0.33+0.17° 0.01 + 0.004* 0.32+0.16°

EFERE Alpine steppe 0.15+0.06" 0.008 + 0.002° 0.14 £ 0.06°

FIERCE Alpine desert 0.05+0.02° 0.003 + 0.002° 0.05+0.01°
FRFER M E 5 Alpine meadow steppe 0.1240.05° 0.004 £ 0.001° 0.12+£0.05
FRFETTHEEL S Alpine desert steppe 0.05 % 0.02° 0.004 + 0.002° 0.04 £0.02°

ANFING B RN A B S 2 2 0] {22 57 1% (p < 0.05).

Different lowercase letters indicate significant difference among different grassland types (p < 0.05).

ug-g h ) FIEFERHER((31.00 + 20.81) pg-g -h™),
HAIE FERJF((117.84 + 36.68) pg-g "h HZER AR
FH(F2)o JIREGVE MEAESFR A B b 138 v 1) 22 ek
RIXFNRE KT W FE T 5 - SR IR I 1 . 3%
(p < 0.05)% T H EIEg &1, FHAR4Ph R 1 15 IR iy
IEE [ S PE 2 I) 22 S PR O B 2 /K P (3R 2).
23 BItEEEHMTIERT UEERESHES
FIESE

NI R EOR, WA R AT
I Z R BRI R 2 (p < 0.05) 5
TRFERR . AT Ry R ) i A R R v
B o R I R R R T R R
1oy T R o FE TR I B (R 3) o e FE b - 4
B RV R AR, S TR IR AL
R Z AR RIVIB BN R E K F(p < 0.01); fik
Py P R 4 U A T TR S 2 oA Tk B W
KF(p> 0.05)(F4).
24 BRAESEEHHEFNRUFEKSEEESE
ZERY X R

e R B R AR g A A LB A
bR P AR F R B M (p < 0.05),
FIG A B AR 2 AH DGR R(p < 0.01), FIJL

FA4 Bl v T A SRR VAN LSRR A R R R
Table 4 Relationship between soil enzyme activity and soil nitrogen
(N) transformation rate in alpine grasslands in Northern Xizang, China

LB LR H R
Soil nitrogen transformation rate Protease Urease
RN 4LIE R Net N mineralization rate 0.75" 0.33
WEALHEFE Net ammonification rate 0.79™ 0.37
AL Net nitrification rate 0.71" 0.33

# 1< 0.01.

RV IIAEXS F 2 AR R AR IR B B2 K. IR
TS PR AN S WS R TR A 2 A AR R P R
KB EKF(p>0.05). BLAh, H BT P AR
MR AR AR S 2 (p < 0.0 DA ISR R, FIA: FHAH
IR By 2 ) AR S M A B 2 3 KA (R S) o 1
FERLI F BN ek e, HERE
(RIAEGT = B R 3 U Ol e . PR, i
T 2 2 [R5 AR B E AR K R(p < 0.01). ZHi
AR =E B AN R LR PR 1R
PRI R 2 8] 5535 IEAH G (p < 0.05); iR iR =
FEFIR RN AIE R PR AER . R
FAAFE(P < 0.05) o BRSPS BRIV 2 AL R 2 A% 5
FEHKKZR(P < 0.01), MEFETILIEE, FihiE
2 AR R FEMIKKR(P< 0.05).

DOI: 10.17521/cjpe.2020.0169



8 FHMIEF Chinese Journal of Plant Ecology 2021, 45 (*): 00-00

F5 b R B A LT A 2 A SRR 1 AR A S

Table5 The relationship between soil organic matter compositions and enzyme activity in alpine grasslands in Northern Xizang, China

AR5y H ARG bR i BRI % HEAE R LR
Chemical composition Protease Urease Net nitrogen mineralization rate Net ammonification rate Net nitrification rate
FEke n-Alkanes 0.45" -0.02 0.63" 0.67" 0.63”
J n-Alkenes 0.72" 0.15 0.70" 0.83" 0.69”
J5 7K Aromatics 0.53" 0.16 0.61" 0.80" 0.60"
fgWiAR Fatty acids —0.13 —0.12 -0.35 -0.33 -0.35
AKiZ Lignins 0.17 -0.33 -0.11 -0.02 -0.11
TR N-compounds —0.43 —0.09 —0.40 -0.60" -0.39
% Phenols 0.27 0.22 0.33 0.60" 0.32

Z ¥ J5 )% Polyaromatics -0.27 -0.12 0.03 0.05 0.02
Z¥E Polysaccharides 0.30 0.03 0.50" 0.61" 0.49"
i Terpenes —0.35 —0.16 —0.49" -0.53" —0.49"
B LM% Furfural:Pyrrole 0.56" 0.12 0.47" 0.62" 0.46
ZK:H 2K Benzene:Toluene -0.38 0.07 -0.19 —0.41 —0.18
N Pyrrole:Phenol -0.12 0.26 0.05 -0.25 0.06

* p<0.05;** p< 0.0l

3 it

31 SEEMREAN TIEEEFEMENFIE

TR R NUA R F ) ), RKR
WA A R 40 IR ) N IR o) e A0 IS R 1 AR A
(FHHELE 2016; Luo et al., 2020). +IEIREGAIE 5
fifg A& 398 rh UG AL I B AR AR, R i 3 A
PAORI A ey 3 00 ) F A 2 Y (Caldwell,
2005) MR A2 {2 2F 35 r ot e B FR) 7K e A= AL A
&R AR USCR 2, 487 I8 i 50K 7 (Gong
et al., 2015); EEAMNZESS LIEPEIER. HH
JI A AR B B R AR A AL E R AL, T T
fas AR (B ISERSE, 2020). AL FE L
TR I AL A R BN, A F SR A RS
YERNFEE— 8 2 5, Horb, w558 o i o Ji B IR
BTG PR 2 (p < 0.05) T8 BV, 1X 3] =5
et B iR s b AR AT AL RAE R A LA S &
B, AR S5 U R 22 2R

IR EA A AL 2y HE R DRI AE P A A
FEALATFFH & NH, -N A1 NO; -N ) ST 2 .
FRM, @ IERA LI RN R R P
MR 02w T HR4Ph i R (R3), 5
Cai%:(2013). Li%(2015)F1 (15 K20 11) 300 7T
SETARRL, BIAS R S vy 2 Fo b 38 500 s A7
TR 2SS, Hh e Rt IR R T H
7Y () FE B, X AT R A T v ) L R
TEPERGE, BN . AT, SR

www.plant-ecology.com

ERE R IR EAME YRR EER@P <
0.05)(K2), B398 8 [ Bt M 7 =y FE A b s T 3
AP FE M, 177 i 2 e SR R 6 R
%, ERAIE T e 98 B i) - 8 U A % o T oA 2R A
(1 SR T RIS M RGR I . SRR
EQ016)HF 7RI, 2R Y APy RHERIE
FE DA K 3385 4y B B AR PRI SR AR 3 L T HoAth v 8 2
M AL, XN AE AR K AR I 3R 4 SRR T
TE 0 FETRE 5, KA 2 R RO, TR AR &
X A AL )R I Z K (Gao et al., 2009; At
WHE%, 2017). [k, T35 AR 2L SCREAR
IFi) 248 2 vy SR W b 2 [ (1) 22 0 ] A DO AN [l A
RG22 8 LIRghbg . MR RIIRGE R . TTEIRIE
B RAEAEA S LIREHURRE. pH. AR SE
A EMZER(Lietal., 2020; FIEVKEE, 2011).

VE IR A VG O R A RSO E,
BRAAT - MES+ A E, REHIEEYRS
B3 51849.08121.3 gkg!, SR G EHN2.57H1.15
g~kg71, TR & =0 A N 1354177 mg-kgfl, QT
Jh A AN FE - R 3 ML A R AR 55 (K]
HAEE, 2004). 734 T %X [ R LA i S8+
BRETIRMEE IR S EZ 8T mgkg ' (Chenetal.,
2017), 3% 3% fi T I8 AR bk 1 99(239-526 mg-ke ™)
(Zhong & Makeschin, 2003)F1#/f 11 32 FH +3%(0-15 m)
(344 mg-kg CEIKEE, 2016). K, HH -+ by
BERAE R A S EBAK, FIRREIAEE T %
AT PR, HARE I AR(1.72 mgkg -d )
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1 T4 AR AR (3.82F12.58 mg-kg '-d )&% Hofh kg
BeEM(Lietal., 2020). AHFITLEREIR, BREGE
TEAN [F) 828 oy FE R M 2 [ (19 2 57 1k R 08 3 2 /K
(F2). —J71H, e 135 PR Y v R
PR ARA O B =, 3 BUIRBE % M 72 S B b 2 1Y
TIER ST RAKT . A—H, MK
T N ey FE SR SRR BT ) — PR R AR B, AR
BRGH FAFAE— 1 W Fa 5 R IR 1) 4k FR L,
SEGAED S W IREG ST A B B3R 7 R A
%, HYEYE. HIEEIRESHER T IHA L
M 1y SR 2L 1 R P 9 12 1% SC B (Rl (Utobo &  Tewari,
2015). FBREEHEVELEAE P FIECEU D, F 8 MR
PRSI S FE SRR o i FE LA FE O A
IREE A IR G R X 2 ) 22 S Rk B B 25 KR, X
A 8 AR AE Y 9 TR 53 LA EE = (R BE HR A
H &R FR MW — e g BN, X580
Hh (R A B FL 4l SRAHAL, BPFR AR BE 78 = 1 i JE
bR i B 5 BT B U AR R — o AR MR (R
%, 2019), 15770 2R RA SCEA R E
B RGFRAFR BB 25 RAFAE 2 5, HP 438
MAMTTEEE MRS & B R 1 LI g
TEPERCSR(BE BB A, 2018), K, mFERIH HIERAE
W53 WA IR R R [F)B SZ A DR AN B R SR B RE
32 EEEMTIEAHRLFEMA TN

WHEEOT, TIERGE AR R R
A7 AR U, PR AR BRI AR A SR R R
g, 58K F70r . BEMNEDHES
) FH 5 (Aranda et al., 2015; Schimel et al., 2017).
B WL A 5 M) - R 1 ) SRR R, X2
NIERAEIVER T, T3EA YL A HLEE R 5
iR AN ) 1) R B =) R B 28 P2, N AE R )
PR TE YR AR R, R YL RS S
A A R 1 T g T R 5T L 48 g U 14 (Avazpoor
etal., 2019).

AR E M S K S R e R IR S
FILRM S RBEZAL . FEEIIRSTEMEL T,
T IEREE R v, I AU B A EE AN
M, AR T REES RS R (DR,
2020). R FEH PR TAGIR . €A 1F, Kt
BELE W) A Al B 2 B SR ZU PR A, Nz s e R A LR
IR R, SO A PR Lo il A
KEZRM, BRAEEFRSFE, MERFRS P EER

Z PR (Chen e al., 2020), [Hik, 7E3%594 M
XA = 2 B, IS M2 B 7 A A AR LI
PR (ZFE#AE, 2019). ABFREEREY], LEAHIR
M R eI s S AR A S PRI A Ko = TR I -
HEL % P R 38 2 1 i S PR B UDAH G, RN X 4
SRR AT EUAEL S 3B R AR IR R A
AR R A B A SR R(ERS). X ATREEH T
Brke I T T ok B TR AR B E 5
ZREMUR TR 70 s A 18 B ORI L gt ) 2 i A
XF TRk, I SRR TR b MR A LG E
(i /KA & #)(Yassir & Buurman, 2012; Oliveira
etal., 2016), AN MR LR H YR T
VBT o WA BE 2 K NG, JF HAZ AR pERE A 0T A
JE AR E BT T A

R S 2% A SR IR R 3R VA O,
BA—Ewshte, m33ea HLs e 5 I 82 K
[ fige ik #2(Grandy et al., 2007). Kk, AE3HHL
JRA 22 18 %o AN () 8 il v 2 %) s i 5 P52 R 7 2T
REANFl A FLEE R BN, o FE B - B R A
A B LT &5 B A EGAE TR B AH 2R 5 R 1)
KIEF B FE K. X5 AndreettaZs(2013) %} & K H)
e S bt b AR AR b SRR VE ORI FU A RAFAE — B &
g, R 35 IR Bl £E 1 A LT A e
by M Ry, T AE A LR R ORI v
fH R E K. XM R TR T =
IR R A5 5 B0 ) SR PR (R R I R 2
HURER, Hmd R £ T — IR N BB A

4 g

ARSI T A e b - 3 R A IR B
Y5 HIEENURLE 2 IR R . 25 RERH: 1)E%E
T A SR PR A KRG, T RE S E R R
SRR =, IR 2 S BN, 2)
FERL M IR AL 2 f2 e T IR AR (VS TR B T 3)
TIEEV IR IR . R 5 & AR .
nE g 55 - 398 B 1 A AE S BB B A G R R, T
MRS 5 I WU R A R TR AR e PE R A
BB K. [ FE L 3G HLT b 2 A2 T
3 AR B PR 0 OB DR -, T o0 T RS R ) 52
M (R 2RI A it — P IR AN B 9T o
B AT aRERFE AL FHRA
(qd18052)% 34,
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