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Effects of simulated nitrogen deposition on the soil enzyme activities in a Pinus

tabulaeformis forest at the Taiyue Mountain

LIU Xing', WANG Jinsong®, ZHAO Xiuhai' "

1 Key Laboratory for Forest Resources & Ecosystem Processes of Beijing Forestry University, Beijing 100083, China
2 Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China

Abstract: Human activities had dramatically increased the quantity of atmospheric nitrogen deposition since the industrial
revolution. Increased nitrogen deposition in forest ecosystems would not only have a direct impact on tree growth, but also
indirect effects of soil carbon storage influencing the microbial degradation of soil organic matter. Soil enzymes produced by
microbes play a key role in the biochemical functioning of soil organic matter decomposition and nutrient cycling. Soil
enzyme activity is one of the indicators of soil microbial community activity. In recent years, numerous studies have shown
that increasing atmospheric nitrogen deposition had significant effects on soil enzyme activities. However, soil enzyme
activities in different ecosystems always showed different responses to increasing nitrogen deposition. Thus, it was necessary
to assess the impact of nitrogen deposition on forest soil enzyme activities in two different ecosystems. In this study, four
treatments were installed in a plantation and a natural forest of Pinus tabulaeformis at the Taiyue Mountain of Shanxi

Province China, starting in August 2009 and including four treatments: a) control (CK, 0 kg N hm™ a™), b) low
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nitrogen (LN, 50 ke N hm™a™'), ¢) medium nitrogen (MN, 100 kg N hm™a™"), and d) high nitrogen (HN, 150 kg N
hm™ a™"). Each treatment comprised three replicate plots of 2mX2m which were sprayed with CO( NH, ), solutions at the
beginning of each month. Soil samples were collected at a depth of 0—20 ¢m in May, July and September since 2012, and
the activities of invertase, cellulase, peroxidase, polyphenol oxidase, urease and neutral phosphatase were determined. Soil
invertase and cellulase were assessed using the 3, 5-dinitrosalicylic acid colorimetric method, peroxidase and polyphenol
oxidase by pyrogallol colorimetric method, urease by phenol-sodium hypochlorite colorimetric method and neutral
phosphatase by di-sodium phenyl phosphate colorimetric method. Urease and neutral phosphatase activities increased with
increasing nitrogen levels; polyphenol oxidase activity of the natural forest and invertase activity of the plantation decreased
significantly in the low nitrogen treatment (P < 0.05); medium and high nitrogen treatments significantly inhibited
peroxidase and polyphenol oxidase in both ecosystems, and cellulase in the natural forest and invertase in the plantation
(P<0.05). In conclusion, simulated N deposition inhibited the activities of soil peroxidase and polyphenol oxidase, and
stimulated urease and neutral phosphatase activities. Cellulase activity in the natural forest and invertase activity in the
plantation were reduced by simulated N deposition, yet invertase activity in the natural forest and cellulase activity in the
plantation had no significant variation. The polyphenol oxidase activity which plays a key role in the degradation of lignin
significantly associated with activities of cellulase and invertase (P < 0.05) and the inhibition of lignin degradation would
decrease soil dissolved organic matter. Therefore the inhibition of cellulase and invertase may be caused by the reduction of
the carbon source which can be utilized by soil microbes. Furthermore, polyphenol oxidase activity was more sensitive in the
natural forest than in the plantation because the natural forest had a higher soil nitrogen content. Because the enzymes which
were inhibited were related to degradation of soil organic matter, the inhibition of soil activities under simulated nitrogen

deposition could slow down the degradation of soil organic matter, leading to the increase of soil organic matter.

Key Words: nitrogen deposition; soil enzyme activity; Pinus tabulaeformis forest; Taiyue Mountain
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RUIRERIRRLAEAEA TR {50 Sinsabaugh SEAFFE A& BUAE it U0 2 1B BObR Hh 1y S0P B0 12, B0 )
TLIRRARP A ARG ARG ST M 28 SR A AT 22 5 T N R A S A AR TG 5 XA S
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TR 1 500 m, T2 X I I Rtk 2 XU, AR [EK 52 662 mm, [ 2P TE 7—9 H . AR
8.6 °C,1 AV -10.4 °C,7 AFHRL17.4 C, FHHIXHELL 60 % ,4F3 H I 2 600 h, FE TR 175
d iy, Hem FEONAER AR KA AR S S Sy 1 - FER LR AR b i e W B B R AN N
FHARATIRER N 21.2 kg N hm™ a™',

PRI AR 3 P A Fh 3 B . TS ( Pinus tabulaeformis ) 3L A 8%k ( Quercus liaotungensis ) . 111 ¥ ( Populus
davidiana ) I FAME ( Betula platyphylla) , #EAR FZH KT (Lespedeza bicolor) | FE¥E T ( Ostryopsis davidiana) |
VIR ( Hippophae rhamnoides) 5 F#§ ( Rosa xanthina) UKk (Amygdalus davidiana) 55 ; W26 & 5 ( Carex)
2 (Artemisia) VB ¥E ( Cyperaceae) 55
1.2 Rt

T 2009 4 7 A AEIMAS RARMATHAA A AR P& R BOR BERR H BA AR AR 53 51 57 12 41 2 mx
2 m WEERE DT B Z B B% 3 m. AR AU AN ) 150 2R3 4 M EKCE - (1) MR (CK, 0 kg N hm™
a ') (2)MRA(LN, 50 kg N hm™>a™") ;(3) F&(MN, 100 kg N hm ™ a™");(4) HA(HN, 150 kg Nhm ™~ a™'),
AR 3 R, PAURZE(CO(NH,),) NEIR, M 2009 4 8 H FFUA LR DAL # A A A 97 LS R TE
BN, BT A R T B EEE AN CO(NH, ), W MR TE 2 Lok b, IS 25 4 14 &) G 72 4 7
e, XS BEAE D7 A )R I it 45 1) 7K o RE D BT AE TR FARAR S AR N TARI A IR LR 1,

R1 HRRAWSHAATREZRS L HHFE

Table 1 Stand and site characteristics of the plantation and natural forest of Pinus tabulaeformis

MAFFE Stand characteristics +HEFRFAE Soil characteristics
o it BE OTEWE OPHRE FaNE AW 2% 0L
Forest type Age/ Density/ Mean DBH  Mean height Mean slope/ Bulk density/ Total N Organic C/
a (*Efi/hmz) /cm /m (°) (g/cm3) /(g/kg) (g/kg)
N T#k Plantation 60 733 19.9 12.7 18 1.26 4.07 39.92
KK Natural forest 75 1317 12.9 8.0 23 1.01 6.00 46.14

1.3 RS R 5E

162012 4E7 .9 AFI2013 4£5.7.9 H S HAME 15 d J5RE+RE, R T BENLIEEL 3 D RFE S,
FRFTIATEY) , NS 2.5 em B9 15674 0—20 em HIRIE FREIFIRA . AR IRAR 24 oAy [0 S2 96 28
FBEAT AR ER i 1 mm 0,4 °C FARAERFI 1 I E

SRESEMN T R 22 3P R ik A 3, 5- RS KA R G vk T R £ Ak R S R 40K = )
bl 6325 00 R 22 T SR AR -5 3t SR T I 5 S T — Y SRR L €0 0 00 5 R 3 TR S b L € 1 T 2 R PE B R
il P 35 A A B T A Jo et A BT IS T A 2R ) R 7 I B R R (mg ¢ h T B pg g7 b)) o BUAIIE
RITFH A JEJBT B5 FR AR ER I DA 2 T R S e TSI S0 A s s R R SR R

73T 2012 45 10 Ara), Y AR 15 d 5, LLS B SRR A 7 iR 4 4 A 11 S50 25 KT, 2 0.02 mm
i, T A T, S AR S SR FH A TR B S-S N A 5 4 ZR00 S SR FHAT oy — B 2 - it PR
TH AL G T s W 200 o SR FH B 7 10T 5 Sl Rl U SR FH BH B bbb €80 5 48 pHL (I >R FH R A6 3%
(KELH 2.5:1)
1.4 HdEseit

FIFH SPSS 18.0( SPSS Inc. USA) B4R EHE AT G400 , AN [ AR IE] 1) 25 S5k B B A KR LSD £
FLAE: (P < 0.05) , AN 7]l 376 P (] 00 AH 5G4 3BT SR FDSUMINAS: 565

2 HREHS

2.1 FUTREXT L PR b o A s i
it B e 2 I B P A T —E R, AR R AR S50 IR (CKO) A L it &AL BE (LN MN  HN)
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B R R T 3.6%—8.4% ,pH {H FF& T 6.29%—10.8% ; 2R ETH T 4.6%—9.6% , ALK T+ T 12.8%—
25.9% . N bR 280 4 B AR R0 Ml 9 T B3R R B B R (8 CK BRI 11.2%—22.7%) , pH {6 T+ 5 T 3.1%—
13. 6% , FHHURTFE T 10.09%—26.4% ; 2R AR AL A A A E AL H FE X B THE T 22.3% . B AN TR pH {E
FE LA A Bif it 28 7K 1 B9 B 1 10528 25 38 0 DA A | B 8 A 25 AN TR it 607K 1 18 i s i 7 A R A P ) 722 b
(£3),

®2 TEEBEENENARRER EFREENMUESY

Table 2 Substrates and incubated conditions and the products measured of soil enzyme activities assays

Br iR N N N
s iR R S5 ] Wi

) Incubation K . o
Name Matrix Incubation time/h Determination product

temperature/ “C

RERERE Invertase A 37 24 kel
LT Cellulase CM-£F 42 50 48 i b
Z W AL Polyphenol oxidase LB = 30 3 FAR ¢
1 B ALY Peroxidase SRIK =W+ E AL A 30 1 PR E TR
Ik Urease JRE 38 3 NH
P R i Neutral phosphatase TR A — 4N 36 12 Ty

F3 MMRAMSIRAAN T 2012 £ B R

Table 3 Physicochemical properties of soil in the plantation and natural forest of Pinus tabulaeformis in 2012

A it
b b , BAR ik K bl
pH(2.5:1) Available P/ Alkalytic N/ o
Forest type Treatment Total N/% Organic C/%
(mg/kg) (mg/kg)
RARM ¥ & CK 6.37+0.34ab 5.99+0.62ab 284.6+28.7a 0.60+0.09ab 4.28+0.48a
Natural forest KA LN 5.68+0.29a 5.77+0.27ab 292.2+34.7a 0.59+0.06ab 5.35+0.58a
P& MN 5.97+0.20ab 5.49+0.65ab 269.6+35.6a 0.63+0.07ab 5.39+0.45a
1R % HN 5.68+0.26a 5.59+0.38ab 286.3+32.9a 0.66+0.06ab 4.83+0.55a
NI ¥ iE CK 5.83+0.42ab 6.67+0.65a 265.4+22.1a 0.58+0.06ab 4.47+0.45a
Plantation %A LN 6.02+0.35ab 5.92+0.37ab 260.6%26.0a 0.55+0.08ab 4.92+0.64a
P& MN 6.45+0.25b 5.16+0.29b 306.0+27.8a 0.50+0.09a 5.32+0.70a
=& HN 6.64=0.11b 5.67+0.43ab 310.2+36.9a 0.70+0.04b 5.65+0.59a

[RI B AN ) 7Bk e s AL P A) 22 57 48 2 (P < 0.05,1.8D ) ; CK: Control; LN: Low Nitrogen; MN; Middle Nitrogen; HN; High Nitrogen

2.2 AS[EIARAEL A RS 1 25 5

AR Z [A] 0 T e TG PEARAE 22 5 W 3 (R 4) o KIRMRrD LR 4E STl | FeEME It | JOR e R o M ol 2 1 1) 1%
PEE T N AR LN TARE 12.3% 33.1% (13.0% 4.9% ) |, i 32t S8 A 0 6 11 22 iy 480 Tl 140355 MRS T A TR
(A N TARAK 18.8% Fl1 12.6% ) o ANIRIBRAL 2 [8] 9 3k S0 A0 10 5 TR0 T 4 S i I 35 25 5% (P < 0.001)
HEBhREES (P <0.05),
2.3 ML - Sl 5 1 1) 5

N ] it S SR AR A A ) S (B PR 10— 3 T s, S T e 0 ) S A 1 S R4 (LA R Rk
SIS nZe 5 BT, AT LitE Uk BEX i S AL B P e A T R R, AR BR 2013 4F 5 H AN A4 B
A S AL PR M S S (IR T XS IR (P < 0.05) 3 e 4 w30 v & s R B B I FXT IR (P < 0.05, &
1), NTARH 2012 459 H 5 2013 4 9 H A A & ZAb B a4 0k P il % v Wl 35 (IR T X RR(P < 0.05) 5
2013 4 7 AR AL BB EAIRTRIR (P < 0.05, 8 1) . BRFE  FEPIFPAREL T h U e ZUAL 3R 1o 4 Ak
Wit PR R BT X B (P < 0.01) , LR SR bt S0 A0 W i 4 19 T e R 3 1 N AR ( RSk 43
SITFRET 18.2% 5 21.0% , N TARP 2050 N RE T 9.9% 5 13.2%) , PAFARAL I ok S8 AL Pyl 1% PR S I R/ G &R
B I~ A>T R ~mA(£S) .
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R4 MRS A THE LRSI

Table 4 Comparison of soil enzyme activities in the plantation and natural forest of Pinus tabulaeformis

e FURER A7) Z WAL LU R HEwE Jhx it kR ER
F At . Peroxidase/  Polyphenol oxidase/ Cellulase/ Invertase/ Urease/ Neutral phosphatase/
orest type - - - - - -
(mgg'h™)  (pgg b (pggthT) o (mggthT) o (pgghTh) (ngg'h™h)
KERM Natural forest 0.080+0.002 **~ 3.413+0.153 " 16.43£0.29 1.167+0.028 *** 34.68+1.13" 1.720+0.025 "
AT Plantation 0.098+0.002 *** 3.906+0.212 " 14.63+0.33 " 0.877+0.020 *** 30.69+£0.97 " 1.640+0.033 "

F PR AT AL B3I fE s o FORPID IR ME ] 225 B 3E (P < 0.05) , % x 3R7R P AREL# ] 22 57 4% .35 (P < 0.001)

—— WM CK - & LN -=rfig MN —-F% HN

PR NL#k
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Fig.1 Oxidase activities under different N deposition levels

CK: Control; LN: Low Nitrogen; MN: Middle Nitrogen; HN: High Nitrogen

Jite RN 22 1 SR AR B4 i [ S 3 SRR AR 2012 4R 5 2013 4F 7 F il AL R0 22 19y S8 Ak il 176 14 357
FZRTAHE(20124E7 A P < 0.05,2013 457 H P < 0.01) ;2013 4E 5 A A .S A B ZX TP <
0.05, 1), AT Ak 2012 4F 7.9 H P& B B AL B £ 1 A AL B PE B 3 I T XTI (P < 0.05) ;2013 4 7
H A s B AR T IR ARE B (P < 0.01,18 1), BHSRE 75 RRM D i A 40 B0 £ 1 A4k
it 7% P S SA (L LU X BRI T 26.8%0—32.9% , 25 5+ B3 (P < 0.01) , ARl Z A BRE JC B E 25 (P > 0.05),
AN b BRTA] A (/N ZR R SRR > = B> AL, AR TR A U v R 3 22 1 A Ak i T P
Y B FAR T X IR (A3 IR T 36.5% F1 33.2% , P < 0.01) % &40 35K T B (H 5% IR 22 ] O i 5 25 5=
(P > 0.05) , A[F SR A K/ N FR AR SR A S = A>T AR (£ S) o

Jit Ak B XS 2T A4k 2 i 1) S A 5N B 2 R SRS U a2 v AN[R) A B 2 )3 e B 25 5 (P > 0.05) {3
A5 RN 7 118 2 Ak 22 T P 35 TR/ NG R 349 ok RS it R B (181 2) o N TR YR s v A ) A 4L 27 ] 11 £F 4
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REHE TR E 25 (P > 0.05) , ARG ME KD CR TS — A (K 2) . BHERE, KA
AL e A B 2T 2 2% il I S SAE 53 ) EE BRBE AR T 7.09% 71 10.3% , 25 55 13 (P < 0.05) fIRAAL AR AR
FXHRHZR AL E (P > 0.05) , BIE R/ ZR R ISR A S A& > 3 A A T AR R[] Ah B 2 8] (1) 45 4k
REEMESBMETEE2ZR (P > 0.05) , BIEK/NE R IS S A SMRESTA(ES)

—— WM CK -+ & LN -—= & MN —-H%& HN

TR AT Ak
21 . 18 .
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I5f ] Time
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Fig.2 Hydrolase activities involving C cycling under different N deposition levels

CK: Control; LN: Low Nitrogen; MN: Middle Nitrogen; HN: High Nitrogen

R it X 7t 220 A 1 e 7 [ A AN B I8, SR SR PR A5 YR 5 AN [ Ak 38 27 )y A g % 1 32 O I 3 2
(P > 0.05), i g EHER/IN R TG — A (K 2) . A TAH 2012 45 7 H 5 2013 4F 9 Hjiti /b P
) TR Tl 1 IR XTI (P < 0.05) 52013 4F 5 A &L = AL B S IKF X I ARAALBE (P < 0.05) 5
2013 4 7 A W REAL PR ZEAR TR (P < 0.05) , "P A m AL B R TREALFE(P < 0.05) 5 & U & 1)
FEERE Mt 5 PR /NG R A X B Sl A B (1 2) o EBISR TR, ARMR P A [m] A 3 22 (1) F oA ol 1% 2 e 3
HTC W 25 5%, R R/INE M HE =~ 15 AR > A L N TR Hp it 260 Ak 8 17 M T A 350 1 b Xt B o
T 121%—17.7% , 25 B (P < 0.05) , MIH K/ LR R RSR A > A>T E(FES) .

Jite R A FRAE — R A T v P Wl R TS e, DR R AR N )R [ A B 2 ) TG S 2 S (P >
0.05) , {HA3- VR I 22 14 FP I g R S 38 (/NS R 34 Ry o BE < it A B (&1 3) . A TopkHR 2013 4 5 H W4,
1 R B A PR B IR BTG P 2 T X B (P < 0.05) 5 HVE 4 YRl AN [R] A B G i 3% 22 5+ (P > 0.05) ,BR
2012 4% 9 A ER/N LR B RS> A ~ X IRSINESN, e m A>T A SINES XK 3) . Sk
T, it A B A P R G S SR R AR MR & T 3.1%—6.2% , 76 N TR R T 1.2%—9.9% ,H
FRARFUR R AR R 2 (B 2400 .35 22 5 (P > 0.05) , PR ARAL % B I (E KNS R0 8 > P /> IR E > X R (3%
5).
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Table 5 Soil enzyme activities in the plantation and natural forest of Pinus tabulaeformis under different N deposition levels
. Z WAL , ey PERE R
BRI Qb3 AR Polyphenol it BB WA ! Neu:ral
- Peroxidase/ fp ’ Cellulase/ Invertase/ Urease/ ’
Forest type Treatment o oxidase/ et -t i phosphatase/
(mg g™ h™") 1l (ngg” h™) (mgg™ h™) (ngg™ h™) -l
(ngg ' h™) (ngg' h™)
KRR oyl 0.089+0.003A 4.391+0.346A 17.46+0.51a 1.182+0.066a 34.28+1.38a 1.658+0.048a
Natural forest fRA 0.087+0.003A 3.216+0.170B 16.37+0.61ab 1.167+0.062a 34.42+1.48a 1.709+0.052a
A 0.073+0.003B 2.948+0.188B 16.23+0.50b 1.132+0.055a 34.98+2.58a 1.754+0.039a
A 0.070+0.002B 3.099+0.252B 15.66+0.64b 1.186+0.052a 38.90+2.57a 1.760+0.056a
AT M Plantation X R 0.104+0.003A 4.874+0.448A 14.90+0.56a 0.989+0.033a 27.25+1.21a 1.585+0.049a
iR 0.105+0.004A 4.401+0.327A 14.37+£0.77a 0.870+0.030b 29.94+1.67ab 1.604+0.049a
A 0.094+0.005B 3.094+0.229B 14.22+0.57a 0.814+0.033b 32.43+2.01ab 1.632+0.085a
A 0.090+0.004B 3.255+0.380B 15.05+0.78a 0.834+0.036b 33.15+2.30b 1.741+0.072a

FPEUE R 2012-5—2013-9 2 UCIE A28 ; R FI A 7] J/NE 55 1 73 530 R 7 Ak B i) 22 S5 A% S35 (P < 0.01, LSD %) M2 5 3 (P <
0.05,LSD #) ; CK: Control; LN: Low Nitrogen; MN: Middle Nitrogen; HN: High Nitrogen

—— WM CK -~ ff& LN =4 MN —<-FH%& HN

RARMK ANTH
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Fig.3 Hydrolase activities involving N and P cycling under different N deposition levels

CK: Control; LN: Low Nitrogen; MN: Middle Nitrogen; HN: High Nitrogen
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Table 6 Results of correlation analysis between soil enzymes activities in the natural forest of Pinus tabulaeformis

o . B4 EaRld - s rhPE BRI
e it A R4 KT BEHEA Rt i
. ) Polyphenol y Neutral
Soil enzymes Peroxidase . Cellulase Invertase Urease

oxidase phosphatase

LAY Peroxidase 1.000
Z A AL Polyphenol oxidase 0.344" 1.000
L 4EF [ Cellulase 0.195 0.482"" 1.000
FEREG Invertase 0.013 0.108 0.544** 1.000
KM Urease -0.285 0.051 0.211 0.507 " 1.000
rhMEBE R Neutral phosphatase -0.421* 0.189 0.195 0.336* 0.244 1.000

# FIRTE 0.05 K F A, « = FIRTE 0.01 KT b WA

TS AT AR A A S RERE 4 A AR S A SR 3R 7 s . N TR 2 By AL it 5 2T 4k K Tl | REARE i 22 [
EWBEIEFFE(P <0.01) ,FHERE M 0.446 F1 0.519, 27 4 £ Filg 5 e R b rEw e il =2 7] 42 0 35 0F
(P < 0. 05) , FHIERECH /5 0.402 F10.337, IR -5 ALYl 2 025 AR C (P < 0. 05) ,FHCRECH
-0.347.
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Table 7 Results of correlation analysis between soil enzymes activities in the plantation of Pinus tabulaeformis

o e B4 ERld . s rhPEBERR I

B S LR HEAG Rt )
. ) Polyphenol Neutral
Soil enzymes Peroxidase . Cellulase Invertase Urease
oxidase phosphatase

i3 E AT Peroxidase 1.000
Z 1A ALEE Polyphenol oxidase 0.228 1.000
LT 2 Cellulase -0.004 0.446 " 1.000
WERETEE Invertase 0.106 0.519*" 0.402°* 1.000
JIK T Urease -0.347° -0.142 0.007 0.070 1.000
P i R i Neutral phosphatase -0.176 0.208 0.337* 0.095 -0.110 1.000

# FRTE 0.05 KF LW, «+ FIRTE 0.01 K L WK
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