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Abstract

Aims The objective was to investigate the responses of soil extracellular enzyme activities to carbon input al-
teration and warming in a subtropical evergreen broad-leaved forest of Ailao Mountain, Yunnan, southwest China.
Methods This study was based on two soil depths (05 and 5-10 cm) for four treatments under a long-term soil
warming experiment in a subtropical evergreen broad-leaved forest of Ailao Mountain, Yunnan, southwest China.
Potential activities of B-glucosidase (BG), polyphenol oxidase (POX), peroxidase (PER), B-1,4-N-acetylglucosa-
minidase (NAG) and acid phosphatase (AP) and their stoichiometric ratios were measured. Soil physical and
chemical properties were also analyzed.

Important findings The results showed that in the control treatment, activities of all enzymes except POX de-
creased significantly with soil depth. Compared with the control treatment, long-term litter removal significantly
reduced AP and BG activities at 0—5 cm soil depth, but had no significant effect on NAG, PER and POX activities
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at both 0-5 and 5-10 cm soil depths. Long-term root removal significantly reduced BG activity at 0—5 cm soil
depth, while increased PER activity at both soil depths. Long-term root removal and warming treatment signifi-
cantly reduced AP and BG activities at 0—5 cm soil depth, but had no significant effect on activities of other en-
zymes at both soil depths. The results of redundancy analysis showed that soil water content and NH;-N content
were likely important factors driving the changes soil enzyme activities among treatments. This research provides
critical information on the activities of soil enzymes related to carbon, nitrogen and phosphorus cycling in re-
sponse to global change in this subtropical forest ecosystem.

Key words soil extracellular enzyme activity; ecological stoichiometry; litter removal; root removal; warming
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i tf(Sardans et al., 2008). TIEAH LU R ST
5 3G WL T R o 45 A (R B O 158 g A
By MEFE. FEKEFEYH N LA, 15
JH A B 3 P K 2 A2 A R 2 A (Seo et al., 2015;
Chen et al., 2020; Hu et al., 2020), I AL
Hil LI AR, ST AR S RS
(4 GRS 2 (Karhu et al., 2014). L, SAEAR
A AT fi o} ol i 2E 25 2R 48 I B ANBERE M P A R 2 )
SO, TR I 8 PR35 R R A8 0 o) - 58 P &1 I 42
(1) 528 2 TN AR SR SRR AR BRI AR S RSt FE 52
il [t % 5 (Xiao et al., 2018).

T FE ALK, SERCFHSE S BT, B
T2 1At a4 110.3-4.8 °C (IPCC, 2013).
5 S G M 1) B B 5 A 7 (Rustad et al.,
2001; Kang & Lee, 2005; Luo et al., 2009), B J%500
TSR, SEm R RN I YIS
R A R (Lu et al., 2013). McDaniel5(2013)
SRR B AR L AT RS R S 58, RIS IR
BERAC T T B-m AR B-1,4-N- Lt Ak
A BT RGN 2 M E ARG TE R . (TN A ISR,
R SO0 T R T UL 8 AR 2 o A A )
PE(Wang et al., 2012). B4k, BrTS8E AW, T
/K oy R L HE R A T A8 v 2B A R R 5 R 438
AMEEIEYE . AHSCHT AR I, LKA 5 3 A
A A B E R IEAHK IS R(Ren ¢t al., 2017; Li
etal., 2018). Zhou%s(2013)% I & 5 AT 78 K HN
389 R T 2 B e R IR IR DR B P v 1, e
A 3 PR 0 H 338 7K 23 B e 4 T IR B A RS 12

35 3 ok B R IRE ) S AE AR R 5y
W EA R EO R, IR RS w2+
SRR E ESRIE (W A EIFIZ, 2004) . [HI7E 7R
WESRGH, WIEY R 3G U5 ) 5 2RI,
PR T N R AR o i Bl IR AR ) B AR T
AR, 3 T R - 358 M A 1, OB IR N
75 A S RS 5 A A 1 R AR S . AR
e . A BEIEEAAE DG M A BEE M I
HUSR 3 N BN BIUR . WeintraubZ8(2013) & H, I
D PHTEEIN G, B AR LR R M R, 5
T A0 A AH O 1) Bl % 1 304 o, R R 2R 55 (2018) Wt 9T K
LR 0 AR ) 2 BRI BRAIR T TG AR AR IR
PEWERREE . B~ 2 Wi TR AN 2 Wy S AL EE 035 1, Ge
ZEQ017)0F A1 By A AR 7S R B, PRIEYHN
RBHAYERE. DRI Z W L BS T 2 0 2
R R, FEHEHEE . FEY S KEMFEE
YIRS R MBS YRR BB R mke L,
TN A2 B A PIRRIR A FE o JRAR AL, i3k
w2 -3 i AP RS PE(Allison & Vitousek, 2004).
R ZR WA DVE Sy - A3 g (1 B SRR, R P
YRR, B 703 AR br 1358 vh G WLBSR & B, ARBR
TP NPT AR o A 2 2% 2 AR 4/ R ) 9 12,
I AR PR - 358 1) il % A Ok S T % £ (Brzostek
et al., 2013; Gianfreda, 2015). VJHIE ¥ 2 58+ 1%
H I & &K R F(Crow et al., 2009; Fekete et al.,
2014), BE 2z 520 + 3% 835 % . Spohn Al Kuzyakov
(2014)W 71 R B VIR I 21 4E R B A0 LT o g v 1 35
Fhim, HAR R 5 M AN P A T i AL ] sk =
BB
TR A S AT R LT DU IR I
I35 R S PR R 1 (Moorhead et al., 2016; Peng &
Wang, 2016). TR, HIEMESKETRHE
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ZRIEM, EEEFS B RGP G i) 5 a4
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B-1,4-N- £, 1 2 5= ] %1 ¥ B (NAG) LA S 2 in 18 i
IR0 18 W (BB ) e TR T (AP 11 LR AR M AT 006 2,
BI(BG:(NAG+LAP):AP)2{BG:NAG:AP (Sinsabaugh
etal., 2009). Sinsabaugh:(2008)Hf 7T & F, fE4Bk
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AT, B AERRE FEE ST =R
ARG E 1R, HR Jm) 3 X 46k 52 A [ 34 555 R 36 5 il
HEE BRI R, DU TR AR 3 5%
PR i1tk 7 (Sinsabaugh & Follstad Shah, 2012). [Allt,
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T P X A3 5 R 1) 8 i S

LA BRMOK PR AT BT, FEEYIFAH RS,
HIRIATTRE 08, A7 e, BAA BRI AE
W ReEAae /1. T LA S A A R
G BAEIA B E ARG, T DA I 39 AT T 1
BNAS, JRBEARAR 35 ik OGBS A A B g
N o R A 25 R ST 7T N 4% (CERN) 22 1L F
P RS RGP T T = A R BRSO
ARSI, Al A SR ) S B o S R R . i 4
WARRYN, ZESRGEA — &ML ) (Tan
etal., 2012), IERHBOS G . KRR FAEY)
(VAR TETRR 2298« VIR AL EE i 3 32 25 (Wu et al., 2014,
2016), (HAZIARE IR E BN B SR
AR FEE A A o) 58 M SRS 1 R B2 . AR B A
5 R B I A 2 1) 338 A/ B P K - 9
WG R VIFIUAR I R, A 7t T R A L A
R AR R IR A A &, B O Lk
BRI A . IR R 3 U A S
W5 (Wu et al., 2014, 2016; & &z, 2016) 3L E,
e LIEAREAREA S EIF - 55 B AL sk
o 2 REAH 5% ) SR 1 AR I 5 (S 1) 44
405 RIIRETE R, T KER. VIR, U1
S 38 0 A B K 2 2 L O A i 4 R P R 338 A g
TEPERIFE M, 75 H e B A B R N AR A AR
FEARAR e )82, PR - IR M A G 5 LIRS
WRZ IR R, NZESRE LIEBREEDH
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11 MRRXER

W FRE AL T 50 2R B SBEB AR R I rp B R
Bt 3 2 1L 7 # s AR AR 7S R G it 9T (24.53° N,
101.02° E, #4542 480 m). AfF 72 X 450 W #4711 3 i
2% A AR S, TR ES Y, PR
113 °C, EBF/KE1881.5 mm, [F/KFEEPLE
5-107 . X L3 s kR, Bt oaRbiE 1,
HEYMEFEE . HERHNZFE, |EEEE, o
TETERFAE ] TR, 2016), )2 AR W%
2 (&&=, 2016).
12 Wit

R 20 22 1 ST A 5 4 ] P MRS AU 3 3 S 565~
&, WTREEHLIZE 20190 cm x 90 cm x 50 cm (Kx
T < ) PR W MR R (A W P A 78 6 T AR 0,81 m®),
Iy MIBEATARPALFE: SHIB(CK). PIHE(TR). VIR 184
F(TR+W). £H(LR), FFFIALEES W ES N ES
(Wu et al., 2014), - 3EEFAH G S50 35 75 PRI FE N
KA. B ALHEAE A N0.81 m?, Xt B sE
IS AL
Fz1 LEREMAIR. H5 KRS

Tablel Name, abbreviation and function of soil enzymes

45 The

Enzyme Abbreviation  Function

B-H1 B T BG I 58 T B A R

B-glucosidase Decomposition of labile
carbon

Z WA POX G FER HE R Ak

Polyphenol oxidase Decomposition of recalci-
trant carbon

U=k Ay PER G FERHE R Ak

Peroxidase Decomposition of recalci-

trant carbon

B-1.4-N-ZWE Z % v 118 NAG IR
B-1,4-N-acetylglucosaminidase Hydrolyze nitrogen
P8V R Il AP oy A

Acid phosphatase Hydrolyze phosphorus

22 SEBOWT ARG T PSS (AR A I )
Table 2 Basic physical and chemical properties of soil before the experi-
ment started in 2010 (mean + SD)

WM H Observation item WEE Value
IR pH 4.25+0.05
7% Bulk density (g-cm™) 0.54 +0.02
KL Total porosity (%) 71.7+2.0
L HEE KR K Maximum water capacity of soil (%) 119.1+6.0
HHUF & Organic matter content (g-kg ') 175.1+11.7
M5B Total nitrogen content (g-kg ") 7.18+0.34
WAL CN 14.1+1.6
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IR & @ 7E AR 7 DU N T2 FF—250.5 mik
(VARE, 48 N0.5 ms (1 SRR DA RH v AR HEN .
FLAE E AN TR BRF IR N M SR VA4, LA
AR K AT AN S, RITE DIAR I 19 8 (1 R R A
T5I1.7 mis 2% — N800 WHER L1 AR I 2%, K
FH SRR 1 77 30, X 7 1 3 AT R SR 1R
Wb B, 3 I 2 e 1) v P A R SR R Y R R P R
/3R AL TR T R 210 emi® 38R 1 5 0 I8 X
AHEE, THEIEREEZER.0 + 0.5) "CHITERE N (Wu et al.,
2016), %I ST & T20 104 H 46 1E S 1,
SRR 08 UIAR . UIRR IR IR AL F 45 T20104F .
13 #HmRESNIE

201945 H AE20 R A A, FH3F JJHLO-5 A1
5-10 cm PR )it 458, KA A8 SCHUREVEHORE, BiX
FE G KGR AR T B T O R A8, BT ORI AR
PR T (B SRES AT AT . RERAER. AR R
RIS SG, 122 mmff, FEAE T4 CLHEK
R RAE, ATIEESE. MER. WA VR
O ESEREATRNR, JEAEM A 5o R RS 1
ME o
1.4 MEIBIRRTTE

88 57K B (SVC) R BT 5T B3R I 5 (T
#L5E, 2005). LIREMEAHLEK(DOC) W EA HLA
(DON) 1 % fi#t 2 % (DN) & & H TOC/TN 43 #T 41X
(Liqui TOC 1I, Elementar Analyzer system GmbH,
Frankfurt, Germany)ill %€, 7572 APt-ff 1k & i B e
(680 C)(Zhou et al., 2019). TIERAZE(NO;-N)
RV 25 5 (NHL N B {3 FH 3% 429 3 43 BT A (Skalar
San++, Breda, the Netherlands)ill 72 (Jones & Willett,
2006). +I3EH A (Mineral-N)j& UL T SFE T
TR, DL HENH,-NENOS-N& & A k47
T

+ e 0 77 BG K NAGHY S FH il L 1y
bl e AT 5, 43 ) DA i 355 2 -B-D- itk e 57
T B-1,4- LTS R0 Z S B AR, K AR AR i
BEORMy, R AT IE; 2 WAL (POX) K

AR =Wy L EBEN 8, DAARIR =W AL, OB
A BRI E EAT Bl e i ALY (PER)
K B b ik e, DAAT F AR 2R I N 2R TR,
AR AT AR 0 1R 4- 408 PR AR R I 36 AT B 8 s
APTE K BB % AN b vkl s, DA BRI 1

FENT, I I R KR AR R T B i
% (Martens et al., 1992).
15 #uESHh

Fit & 045 ¥ {8 ] Excel 2018. R software fll
Canoco SEATACFRAMGE T3t I R TT 25
HTXTAS TR R L AN [] 8 B 1) (1) L S8 i v 1 S AR S
ezt b IR IR B S A M B Y
7wt E VAT 7 i (R KB p = 0.05). i
C:N. C:PFIN:P 7} il if BGINAG . BG:AP
NAG:AP 8, FF 46 F b5 v 3 i 4 T (SMA) T 1g
(BG). lg (NAG). lg (AP)F P EIESEAT 04, JE L[]
VAR Wy - 35 55 23 () 52 FR A 15 DL (Hll et al., 2014),
FEZER T A T S ERNES A, IrEEdRE
gl J7 25 A A 22 B LU RObs A 2 il 81 U 2
) {# F agricolae A smatr 28 R £ [ 5 58 i (Warton
etal., 2012). f#HCanoco STHHF, DASHREETE 14 A0
MR R, FF DL SR EE AL BTN MRS R UL R
HT(RDA), Firide () fig B DA 1 38 5 iy 1 e 438 5 el AL Y
fFERE 3R IA B B F SigmaPlot 12.5 /2 Canoco 558 i
TEH.

2 R

21 AFEAIEIEIBW R

AN[EI RE T 8] 0-5 12 5-10 em/Z - 338 56 AT Ak 1 o
%3, DAXTREA A REiE, KILSNC. NO;-NAIDOC
SEAARLTZNEEE %S, MNH;-N, DN,
DON . Mineral-N-&; & JE - 278 B #8043 5 2. 35 T 4%
752.3%-. 59.5%. 72.0%551.2% (p < 0.05). &
FVEY) 5, SWC. DN. DONAIMineral-N& & i + 2
PRSI B2 TR (p < 0.05), HEE51E0-5
510 cmf) 1388 5K & 22> 723.0%F7.5%
(p < 0.05); EFFHAREZELL0-S emt 21 H AL
e, EA45-10 em 2 DOCHIDN Y 2 2 35 3
1T 29.5%4127.7% (p < 0.05).

) AR 4b B {8 NH;-N . DOC . DN . DON Al
Mineral-N & 5 fifi -+ 2R FE S I35 525 T B (p < 0.05),
TMNO;-N & &2 U B8 - EREE I I 22 EFH(p < 0.05);
LA EAR B, DI IR B3 50805 em )= 1)
FALMERR, HAUES5-10 em T ENO;-NF & 5 3% 1Y
T 63.2% (p<0.05); VIKEIHFH4IEAMENH;-N. DN,
DON FlMineral-N& & [ 4 JZ v F&F B8 i 15 &5 2% 1 %
(p < 0.05). SUMRALFAALL, DIFR 485 B 2>
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7 0-5 cmt JZNH, -N Al Mineral-N & & [£]41.0% 1
38.4%, LLK5-10 cmt/ENO;s -NEEM44.6% (p <

0.05).

22 BABARENIRETIREEEMERIELE

M vy UL N N PSS w4120 G TN ES) B

HLE R, BrTEPOXSE, 0-5 em T EMIEHE
FiET5-10 em - E(p < 0.05). SxtEMLEL, EFME
0-5 cmEZMAPIEMEEZE TRE(p < 0.05), L)
MR BITHBR AN G4k 1 APBE 12 1R 5 19 i 2 2 PR 1)
RN(EI1A). SRR, £, UHRAIHR 154

3 ANFILLER R SRR AR RS AR B R CP AR R 22, n = 5)
Table3 Basic physical and chemical properties of soil in the subtropical evergreen broad-leaved forest under different treatments (mean = SD, n=5)
posid LKA BERGE AR E BRENESE BRAESE BRAIESE W RAE A B
Treatment Soil water content NH;-N content NOs-N content Dissolved organic Total dissolved Dissolved organic  Mineral-N content
(%) (mg~kg") (mg~kg’1) carbon content nitrogen content nitrogen content (mg~kg’l)
1 —1 -1
(mg-kg™) (mg-kg™) (mg-kg™)
0-5 cm
CK 3435 +2.30™ 61.11+11.30°* 1026 +3.75* 235.88+21.76"*  118.79+ 16.82 4743 +7.77* 71.36+9.19%*
LR 26.35+0.81° 43.74 £ 455" 10.03 £3.31* 26748 £21.10"  93.92+4.01* 40.16 +3.41** 53.76 + 1.49"*
TR 33.65+ 1.35% 89.08 + 6.10° 2.49+0.27* 259.62+ 17.47**  143.56 +7.52% 51.99 +8.12% 91.57 +5.93*
TR+W 2941+ 1.16™* 5256+ 1.19** 3.90 +0.16* 2323342029  103.89 + 7.874 47.44 + 838 56.45+ 1.31°
5-10 cm
CK 3244 +1.07* 29.12 +3.228 5.73 +0.23% 207.73 + 13.46"  48.11 +2.88" 13.27 £ 4.96™ 34.84 +3.09%
LR 30.00 + 0.58"® 28.72 +1.68* 7554074 269.07+13.14*  61.43 +2.79° 25.16+1.52 36.27 +£2.34%
TR 32.56 +0.72* 28.88 +1.778 9.35+0.90°" 189.94 +10.05™®  52.78 + 4.49™®" 14.55 +3.98"® 38.23 £1.73%
TR+W 30.95+037%%  33.42+1.94® 5.18+0.75" 214.82 +£9.62% 53.44 + 3,158 14.83 +2.20" 38.60 £2.01*%

CK, XFHRALEE; LR, Z:pribhRAEALIE; TR, VIARALEE; TRAW, YIRS AAEE . AN/ 5= BRI IR B AN R A 2 A] 22 573 2.3 (p < 0.05), ARIK
B BER A A AL B AN R R B2 2 [A) 22 7 23 (p < 0.05).

CK, control; LR, litter removal; TR, root removal; TR+W, root removal + warming. Different lowercase letters indicate significant differences among different
treatments at the same soil depth (p < 0.05). Different uppercase letters indicate significant differences among different soil depths in the same treatment (p < 0.05).

iz-A 10r g 067 C A oA
~14f ~os} = 1 L
12t = 7,047 aA
w10l 20 0.6 A o A %A
S ol g aBaA T[] & % aB I
g 8 £ 04l ke 2 kW
< 6l ~ < X] 002
2 2 2

4 02F < Z

of &

° 0 SE

10 0.6 BB Depth (cm)
~ 8t o
! =
3 T 04
l?ﬂ 6 L 2?
5 o —CK
i El SILR
> 5 0.2 ——
o o
2,0 e &X TR+W

0 s 0 Lt

0-5 5-10 0-5
¥RJE Depth (cm) B Depth (cm)

BIL AT S AN [ A BEMIR L B R R AR AL CP PR E R 22, n=5). CK, XTHRAREE; LR, EERHRIEYIAL
H TR, DIMRALEE; TRAW, VIR AL . AR NG S RER AR R TR A R A 22 ) 22 553 56 3 (p < 0.05), ANJFIK'S FBER IR AH
[F) AL BEANRIVAR P -3 2 W) 72 57 25 (p < 0.05). AP, MRYEBEIRER; BG, B- A &1 M H1E; NAG, B-1,4-N- LMt 2 FE 1 % W5 11 i8; PER,
AN, POX, 2By AL,

Fig. 1 Changes of enzyme activities under different treatments and depths in the subtropical evergreen broad-leaved forest (mean +
D, n=15). CK, control; LR, litter removal; TR, root removal; TR+W, root removal + warming. Different lowercase letters indicate
significant differences among different treatments at the same soil depth (p < 0.05). Different uppercase letters indicate significant
differences among different soil depths in the same treatment (p < 0.05). AP, acid phosphatase; BG, B-glucosidase; NAG, B-1,4-N-
acetylglucosaminidase; PER, peroxidase; POX, polyphenol oxidase.
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BB T 05 cmtEHBGIEE( < 0.05),
{HRX5-10 ecmt 2 IBGIEER A B3, &AabH
KIBGWE T LE0-5F15-10 emt 2 LR ZEZE R (H
1B). NAGIH M H R B 5 + 2R E AR A1k, X
FR S UIARFNYIRR 38505 e A AN [ + E 34 B
Z(E10). SXTHAH, UIAREZESE I T2
T IEPERIEM:(p < 0.05), (HUIRIFHEEF5-10 cm
+ ZPERJE N R BN B2 R (B 1D)(p < 0.05).
ExtRA L, ANE 4 )2 A POXE P X S 56 Ak FE )
MARE, 50-5 ecm LEAALG, ZPRFIDIHE 35 15
§5-10 cm+ 2 FIPOXIE 14 2 3 R % (p < 0.05).
23 AREIRETZEMRNESKFEITEL

X IR 45 LR B, O 2 L I ARy R SR i AR
0-5 f15-10 cm + /2 BG:NAG 43 5l v 1.80 1 1.89;
BG:AP¥J40.05; NAG:AP4°40.03. BG. NAGHIAP
B A Ak 25 T B LU AR AR [F) 2 AN [ Ab 3 R T S 3
ZE 5, (EAFALE T AR 2 2 TG i 3 22
(El2). EH[ENHH> M5 R K Hlg (BG). 1g NAG)FI
lg (AP)Z B R B 0-5 cm T E/FA7E BE LM R AR,
[B] 5 &R LK 3, 0-5F15-10 ecm )2 - 3f1g (BG):
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Fig. 2 Stoichiometric ratios of soil enzymes at different treatments and depths in the subtropical evergreen broad-leaved forest
(mean + SD, n = 5). CK, control; LR, litter removal; TR, root removal, TR+W, root removal + warming. Different lowercase letters
indicate significant differences among different treatments at the same soil depth (p < 0.05). Different uppercase letters indicate sig-
nificant differences among different soil depths in the same treatment (p < 0.05). AP, acid phosphatase; BG, B-glucosidase; NAG,
B-1,4-N-acetylglucosaminidase.
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Fig. 3 Standardized major axis regressions of the log-transformed soil BG, NAG and AP activities in 0-5 (A, B, C) and 5-10 c¢m (D,
E, F) soil layers in the subtropical evergreen broad-leaved forest (n = 20). CK, control; LR, litter removal; TR, root removal; TR+W,
root removal + warming. AP, acid phosphatase; BG, B-glucosidase; NAG, -1,4-N-acetylglucosaminidase.
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Fig. 4 Redundancy analysis (RDA) of soil enzyme activities and physical and chemical properties in the subtropical evergreen
broad-leaved forest. NHz-N, ammonium nitrogen content; NO3-N, nitrate nitrogen content; DOC, dissolved organic carbon content;
SWC, soil water content. AP, acid phosphatase; BG, B-glucosidase; NAG, B-1,4-N-acetylglucosaminidase; PER, Peroxidase; POX,
Polyphenol oxidase.
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