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Table 1 Site characteristics of four forest types

I RHE
BRbk T Forest characteristics
Forest type R U FHINE PR B
Altitude/m Slope/(°) Average DBH/cm Average H/m Canopy density

= FFAMK Pinus yunnanensis forest 2196 13 11.2 9.5 0.8
YEUIFAMK Pinus armandii forest 2151 19 11.8 10.4 0.7
5 SR [E AR Evergreen broad-leaf forest 2229 15 9.1 9 0.9
= WARIK Quercus semicarpifolia forest 2287 15 9.9 4.2 0.9
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RITA BRI RS 1R Y 8Ok E ; 2y A ALEER
A B o I
1.4 HELIE

gt Bt . % il B 3K SR A Microsoft Office
Excel 2010, #4553 Hr % JH SPSS 23.0 1, Horfr,
PR E T 250817 ( One-way ANOVA ) FH LT
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Changes of soil invertase activities in different soil layers of four forest types under different N deposition



S

2 M FRILEE, A

N s

R I 3 LU AS TR AR L SRR P AL N LR 4 7

53

LRI S = A ARR B el 578 HN f2 i,
AR TS RE BTG PETE LN, MN ZR3R R T
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Fig. 2 Changes of soil amylase activities in different soil layers of four forest types under different N deposition
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Fig. 3 Changes of soil urease activities in different soil layers of four forest types under different N deposition
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Fig. 4 Changes of asparaginase activity in different soil layers of four forest types under different N deposition
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5 om - J2 MR P W R 0 A e i (2.879 mgrg 24
h'), R LN AT 10~20 em + )2 16 P
it (1372 mg-g'-24 h''), FRMEWEFREG IS EFE 4 Fh
RGBS IR kg i A S R B B I TR AT, AR 4
SHE 34.0%~5.6%. 35.0%~13.6%. 41.0%~10.9%.
F140.2%~11.1%, FHrs ARk LN &b 25 % i i
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AALIE N 1.372~2.879 mg-g 24 h', HAIF(ER
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i, REBRN 17.2% F1 11.8%, 7EHAb + 2030 K
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2 1)

K6

N s

R

R I 3 LU AS TR AR L SRR P AL N LR 4 7

55

WM AR DL . ST st
B (221 mg-g 24 by > FE I FAPE (2.04 mg-g 24
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Fig. 5 Changes of soil acid phosphatase activity in different soil layers of four forest types under different N deposition
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Fig. 6 Changes of protease activities in different soil layers of four forest types under different N deposition
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FAEEEERIA N 5~10cm 2B E ST 0~
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S5em L)z (P<0.05), A LJEFHEN 5~10
cm (0.48~0.45 mg-g '-20 min") > 0~5 cm (0.44~0.33
mg-g 20 min"') > 10~20 cm (0.41~0.29 mg-g'-20
min"), AEIFAME & LLARAR T30 Al S
W3R B 1 )2 TR B 8 N e B A, %R 43 0
55.6%~14.4% F1 28.1%~14.4%, PIFIMIFARIH £ )2
- {H A 0~5 cm (0.47~0.36 mg-g '-20 min') >
5~10 ¢cm (0.32~0.30 mg-g'-20 min"") > 10~20 cm
(0.28~0.27 mg-g 20 min"), HAFFERFEESF (P<
0.05) . 4 FlvbR g3 4= B ik S 1k S0 PR A8 fb 75 Ry
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Fig. 8 Changes of polyphenol oxidase activities in different soil layers of four Forest types under different N deposition
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20 cm T 2K 5~ 10 cm 1Y 23.6%~ 74.4%, 0~
S5cm 28 5~10 cm 1Y 15.4%~94.7%, 4 Fipks>
+ 2 W A B AR AR R 0.156~1.969 mg-g ™
20 min~' . FEAN[ADE N VR EED, H kAR i
1y AL BT M E HN AR PR 2] (P <0.05),
REE R 42.7%~35.7%; HEILFAR S i LLIABRARAE LN
MN Fl HN ZbPH N IEAFINIIE], R 49.4%~
9.1%; =MFAMTE HN AbBE T CK AL B, 14105
TE 80.0%~27.7%. o, W &gfE M RR I &,
SAREYIE Ry R (1.03 mg-g 20 min ') >
AE I FA PR (0.94 mg-g 20 min) > = g FABK (0.89
mg-g 20 min~") > & ILIARAK (0.84 mg-g'-20 min™),
B L A W AR 8 et AR Ak S I P T LU BR AR
22.6%.
22 AELTERE AEENKEMAREHRARLEER
xof + SR 1 R RN
ZHREFZ0IEW (£2): B NKFE
Xof T T Tl TR G L S MR B i N K R AR RS
B = 35 A8 HAE G IR B OC B E S m A (P>
0.05), HETREE . i NJKFV . FRAMEAFN =&
L EAE X - e . JEMEE . IREE . RITTA
BEelE . IRVEBERREE . SRR, dEEARME
Wy S ALY HA R B (P <0.01), Hri,
TERERG . VEREE . AT AL AR R
MRk, FERERZ, it N K
M=FZHAE /N IREERIA . FRIREARIE
M K, i N KSERZ, 3R =4 22 BAR

FHE/IN s RITA T Bl AR PR IR B R By .
R e R, ARAREAIR Z , it N KF-A =
BB RN 20 AR HIEREE
MISEI e, il N KR Z, FRMREAIR =35 52
HARH RN

- BEVREE XS A R R B ks RITTACTR
i T > TR A Tl >V Mo il > 22 T S Bl >t S Ak Ul > 1R
P > TRl R >R T 5 it N 7K P 0F - S il 7
MISEI TR FEMERE> IR ] A Mo e > U Aoy ile> 22 Ty
A AL T > A Ak S > 2 > R > TR M W TR 1
AR RIS RS P A2 ) k- R > VE B
il >R 1 A Pk e il > 48 Ak S Bl > > 2 1 S AL
Tl > P M W R >R 1 . — 3% 3¢ AR FHI XS 1 BB i %
YRR 1« R 1] 44 Tk e il >3k 48 Ak S > TE H
il > e A il >22 Wy 4R A0 i > 28 1 T >R M R TR I >
HIK T
3 i
3.0 HIEEE XA E L8R E R B $FE

ApgEr, LJRTREEXT 8 Fi - R E R 5 R
i R o 4 RS E IRVER G . IR
Bl . RGN . 2 1Rl 1 il 7% M 52 i 1) R B
e BEAE L) INTRTEEREAL, N YIRS +
SRR T B A% R . X SRR XA -5
W IR 28 ¥k ( Pterocarya stenoptera C. DC.- Morus
alba Linn. ) . WI#4li#k ( Salix babylonica L.). %
ol 4li Mk ( Ligustrum lucidum Ait. ) 25 B 4l pk

R2 ARTERE AR N KFNRERZRMELEN HIREEENZREAEZSN
Table 2 Multivariate ANOVA of soil enzyme activity by different soil depth,
different N treatments and different forest types

SV emm vemm R RIABEE TN mem RaE SRR
pise fg d Invertase Amylase Urease Asparaginase hosoh Proteases Catalase  Polyphenol oxidase
treatments Rt phosphatase
(n) F P F P F P F P F P F P F P F P
| R
ﬁf*g. 2 2900.547 0 1272361 0 10.599 0 4348.792 0 113.033 0 203.603 0 299.095 0 475.996 0
Depth of soil
N T
Efﬂt HEE 3 703.187 0 27002 0 1227 0 632786 0 229 0.083 19.672 0 76454 0 146.08 0
reatments
24 k34 701
:‘k%;’gi 3 11497743 0 1335865 0 157 0 655714 0 29.176 0  407.082 0 464355 0 40.5 0
orest type
IR X TENTK
AR
Depth of soilx 18 40.183 0 52138 0 0.9550.517 99.326 0 2.519 0.002 449 0 62002 0 21.548 0
N treatments x
Forest type

“P>0.05"FARTLEF0.05> P> 0.01"F£ R BE TSP < 0.01 "R 8 E M .
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fii14% pH FHIE, HERHLMETRGR, HRARC KA,
NI B335 ARy Ly & ST w375
G PERREAR, W0 T A SR Y E SRR,
E— 25 T A IEA TR R EE . A, R [RIRR
RIS FAFLAR X Bl A IR SRR FH B 0 AN [ BY - o mp
RE A2 T ol 98 R Tl 5 D Ry B MRS N ORI
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B AE AR s EEAE, ABAE I T3 rh 5 A
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Effects of Simulated Nitrogen Deposition on Soil Enzyme Activity in
Subalpine Forests in Central Yunnan, China

ZHENG Xing-rui, WANG Ke-qin, SONG Ya-li, ZHANG Zhuan-min, ZHANG Yu-jian, PAN Yu

(College of Ecology and Environment, Southwest Forestry University, Kunming 650224, Yunnan, China)

Abstract: [Objective] To study the effects of simulated N deposition on soil enzyme activity in different forest
types. [Method] Pinus yunnanensis forest, Quercus semecarpifolia forest, Pinus armandii forest and evergreen
broadleaved forest were used as the research objects in the typical forests at Mopan mountain, central Yunnan. From
January to December, 2018, four N treatments including CK (0 g N m >-a™'), low N (LN, 5 g N m *a '), medium N
(MN, 15 g N m?a') and high N (HN, 30 g N m *-a') were set to determine the activities of invertase, amylase, ur-
ease, asparaginase, acid phosphatase, protease, catalase and polyphenol oxidase in different soil layers (0~ 5 cm,
5~10 cm and 10~20 cm) of the four forest areas at different N levels. [Result] The results showed that the effect of
soil depth on the activity of the eight soil enzyme in these forests was lower in 10~20 cm soil than in 5~10 cm soil,
with a maximum decrease of 76.8%. The activities of catalase in evergreen broadleaved forest and P. yunnanensis
forest and polyphenol oxidase in Q. semecarpifolia forest and P. yunnanensis forest were inhibited in 0~5 cm soil
layer, and the lowest activity was only 15.4% of that in the soil layer of 5~ 10 cm. The N level had a significant ef-
fect on soil enzyme activity. LN significantly inhibited the activity of invertase and amylase in Q. semecarpifolia
forest. N treatment had no significant effect on urease and protease activity. LN treatment significantly increased the
activity of asparaginase and acid phosphatase in soil layer 0~ 10 cm except evergreen broadleaved forest. The N
treatment inhibited the soil catalase activity in P. armandii forest and the soil polyphenol oxidase activity in each
forest, and promoted the soil catalase activity in Q. semecarpifolia forest and P. yunnanensis forest. Forest type had
significant effects on soil invertase, amylase, urease, asparaginase, acid phosphatase, protease, catalase and polyphen-
ol oxidase (P < 0.01). [Conclusion] Forest type and soil depth are important factors affecting the differentiation of
soil invertase, amylase, urease, asparaginase, acid phosphatase, protease and catalase activity under N sedimentation.
Soil polyphenol oxidase activity is sensitive to N sedimentation but not to forest type. Among the eight soil enzymes,
asparaginase is the most sensitive to the interaction among soil depths, N application level and forest type.

Keywords: soil enzyme; simulated nitrogen deposition; stand; subalpine of middle Yunnan province
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