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Seasonal Effect of Simulated Nitrogen Deposition on Soil Respiration and Soil

Enzyme Activity in Masson Pine Forest in Mt. Jinyun, Chongqing, China

ZENG Qing-ping'*, HE Bing-hui'*, LI Yuan’, XIA Li-wen', YANG Long-long', DENG Xue-mei', LI Chuan’
(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, College of Resources and
Environment , Southwest University, Chongging 400715, China; 2. Sichuan Allvery Environmental Technology Co., Ltd., Chengdu
610000, China; 3. Forestry Administration of Fuling, Chongging 408000, China)

Abstract ; Soil enzymes involved in the conversion of soil carbon and nitrogen, meanwhile the availability of soil carbon and nitrogen is
the base of soil enzymes, yet atmospheric N deposition influences the release of soil CO, by reduce the activities of soil enzyme. The
objective of this study was to investigate the effect of different nitrogen deposition on soil respiration and soil enzymes, and explore the
relationship among soil respiration, soil temperature, soil moisture and soil enzymes in the Masson pine forest. The results might
provide a reference for further study on the effects of nitrogen deposition on pine forest ecosystem. From May 2014 to July 2015, three
nitrogen application treatments and a control treatment were set up: low nitrogen [ Ny, 20 g+ (m’+a) ~' ], moderate nitrogen [ N, , 40
g+(m’-a) '], high nitrogen [N,;, 60 g+(m’-a) "' ] and control treatment [ Ny, 0 g+(m’-a) ~') in the Masson pine forest. We
measured soil respiration, soil temperature, and soil moisture simultaneously by using the Automated Soil CO, Exchange Station (ACE,
UK). The results showed that; (D Soil enzymes and soil respiration had obvious seasonal variation, soil respiration of Ny, Ny, N,; and
N,; was the highest in Summer, followed by the Spring and Autumn, and the lowest in Winter, and no consistent change rule was found
in soil enzymes. @ Generally, nitrogen deposition suppressed soil respiration and soil enzymes, and these inhibitory effects were
strengthened with increasing levels of nitrogen deposition. The only exception in which nitrogen deposition enhanced soil respiration was

in the Masson pine forest in Winter, In Spring, Summer and Autumn, nitrogen deposition suppressed soil enzymes, while there was
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difference among Ure, Ive, CAT and ACP in Winter. (3 stepwise regression showed that in control treatment and low nitrogen

treatment, 7', Ure and Ive made great contributions to the R_, and R_ rapidly increased with the increase of T', Ure and Ive. In middle

nitrogen treatment, T', Ure and CAT made great contributions to the R , and R_ increased with the increase of T, Ure and CAT. In

high nitrogen treatment, R_ decreased with the increase of Ure, yet R_ increased with the increase of CAT and W.

Key words: simulated nitrogen deposition; soil respiration; soil enzymes; Masson pine forest; soil temperature; soil moisture
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Table 1 Soil physico-chemical properties in the Masson pine forest
. £ e HRLH soc Wk Hh HihL
P /gkg ! /gkg ! /gkg ! /gkg ! (1~0.05mm)/% (0.05~0.005 mm)/%  ( <0.005 mm)/%
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Table 2 Seasonal effects of different nitrogen deposition treatments on soil respiration( mean = SD)/umol+ (m?+s) ~!
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13.981 +0.333(De)

FEhR sl P
Ny 3.85 +0.27(Ba)
- N, 3.79 £1. 10(Bb)
Ny 3.67 0. 80( Be)
Ny 3.66 +0.38(Ad)
N, 20. 19 0. 94( Cd)

v N .49 + 1.
0 ~10 em +HERE 3 20.49.£1.01(Cb)
Ny 20.25 +0.79( Ce)
Ny 20.95 +0.71( Ca)
N, 27.72 £0.71( Aa)

. N .70 1.
0~10 em +HOBAE 5 27.70 £1. 13(Ba)
Ny 27.56 +0. 13( Ab)
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27.47 +1.82(Bd)

27.23 £2.99(Bb)
26.51 +1.34(Bc)
27.23 £2.69(Bb)
27.79 £1.71( Aa)

13.22 +2.13(Dec)
13.69 2. 96( Db)
13. 88 + 1. 90( Da)
13.69 +1.31(Db)

17. 14 +2.01(Cd)
18.15 +1.59(Ca)
17.36 + 1. 42(Ce)
17.40 0. 71(Cb)

N
1) AFING FRORA R 215 A R AR BRI 2253 B35 (P <0. 05) , AR TR MR AL BIRS [R) 2545 W) 22 57 .35 (P <0. 05)

3.2 BRI XT T IERT IR | IR SO R Y R

RUTREXT P A B wm (£ 2). BEA
TOREAL 3 | - 3F 0 0% s 20 19T KA ke 3 v T L e
1% BZRAUIREAL RIS , A 3980 05 D) & 20 A S 14 Jin
JEREARI ARk R s KRR DT AL B , £ 30T I
A Ny > Ny >N,y > N,g; XZR IR
Jo, b RN B R (E M PR AE N 4, M [(2.80 =
0.32) pmol-(m’-s) 7], HkJE N Ml N, 4, HAE
SR (2.70 £0.61) pmol- (m?-s) ~' JFI[ (2.65
+0.45) pmol-(m’-s) '], HHEEIK AL A N, 4
[(2.63+0.41) pmol-(m?+s) "], - HEIR =T
R R AN A
3.3 IS Bl R AR AR

ZA5 RN} 43 Ure | Ive . CAT Bz ACP BIF 1

WERIMNE >HE >F >4 NANRIAE > H >
B> 45 Ny AN AL Tve FilETGPERE T A8 Bk >
F>HE>Z N MNGANRE> B> H >4 N,
FINg 20 CAT F 35 VERE =15 28k Bk > & > B >
A N BTN AN > Bk > 4 > 55 Ny N N
2 ACP FIEYER i, KEME RIRZ & AH
K7 Ny 4l ACP 15 M R /MRIR M AR (3.32 =
0.51)mg-g™' ] >F[(2.73 +0.29) mg-g™' ] > &
[(1.56 +0.13) mg-g™' ] > E[(1.14 +0.16)
mg-g~' ]
3.4 BRLR DR XS 3R I 1 i 52 )

AN ) TR A JHGT - S it 7% 1 1) 5 M 8 3] 4 2
K (P <0.05). IR S, BUUKEXT Ure, Ive,
CAT I ACP 5 B EMIHIVERH (B 4).

I E (P <0.05) , H AU E A FE
25 (K 4). Ny N, A1 N, 4 Ure B35 PERE

M 235 2R

.
Z A5 AR

TR A TIREL RN, BEE ZR LR T
TR 1 S AR B S RS SRR AR A 2 A
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Fig. 4 Seasonal effects of different nitrogen deposition treatments on soil enzymes

. 5 N, MEE N N B N 4L Ure BG4 51
FEAR T 0.37% . 12.30% . 13.20% ; Ive JEi% 1435
MeAR T 5.14% | 3.34% . 18.72% ; ACP & 1435
WA T 33.49% . 0.02% . 4.7%.

B BB R DT LS | 45 1 e G vE AR e
PEHEZMML. 5 N, M, Ny Ny & N4 Ure i
TS I T 8. 37% IR T 5. 98% #118. 53% ;
Tve fiff 1% 1 43 90 ¥4 i T 9. 43% F1 8. 98% [NI;ET

13.40% ; CAT [ 35 Ik 7 9 B AR T 13.53%
3.74% . 19.11% ; ACP [il§ 7% P& 4 9 % % T
48.07% . 12.28% . 45.21% .

KR R TR AL BG4 i il 36 A8 fb i 34
HAMR. 5 N, AHE, Ny, Ny S N4 Ure fifi5 P
IR AN T 27.60% 1 53.97% , FEAK T 13.69% ;

Ive FEIGPEAT BIFRAR T 22.98% . 0.91% . 35. 82% ;
CAT i 35 ¥ 43 0 B K T 5.05% . 14.32% |

24.14% ; ACP [l % £ 43 0 BE AR T 12.37% |
10. 16% , 22.51%.

LRI ARG, 5 Ny AHEG N . Ny &
N sZH Ure M35 1 40 538 0 1 48. 07% 1 40. 1% ,
FEART 13.69% ; Ive I M3 5IFE R T 33.86% ,
HINT 47.60% ,K#A% T 38.66% ; CAT BT I é%jﬂJ
FEAR T 10.68% , 84N T 3.42% ,F&1% T 19.01% ;

ACP B PEAY SIHIN T 35.67% K&K T 29.92% ,
HANT 1.30%.
3.5 AU D R AR e 5 + e
P K ABE R T K R B
A IERTR 5 A SRS R | bR R A R A Y
AR R R (E3) , R, 5 W, T, Ure, Ive,
CAT J¢ ACP B B IEAHC (P <0.01); TH W,
Ure ., Tve B¢ CAT 220 B EIEAHSE (P <0.01); W15
Ure SH S Z IFAHIE (P <0.01) ; Ure 5 Ive Sz CAT
B B EEAE(P <0.01) 15 ACP 5 B EAE
(P<0.05); Ive 5 CAT } ACP S:#% 2 2 1IEA (P
<0.01); CAT 5 ACP 2 & IEHIZE(P <0.01).
R T 2 B [F) S UT R T B TR S AR AR
R. 5 W, T, Ure, Ive, CAT & ACP HJL 5, RHZ
ARG 4 DSBS s B anF.
N, 4b3H .
Y = 0.049X, +0.578X, +0.066X, +1.525 (1)
N, b,
Y = 0.037X, +0.855X, +0.008X, +1.701  (2)
N, AbH,
Y = 0.052X, + 1.003X, +0.038X, +0.239 (3)
N, AbHE
Y =-0.381X, +0.081X, +0.051X; +0.239 (4)
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Table 3 Correlation coefficients among soil enzyme, soil moisture and soil temperature
UL E T w R, Ure Ive CAT ACP

YRR L 1 0. 020 0.014 -0.203 -0.091 -0.202 - 0. 454 -0.109
T NS 1 0. 500 0. 813 0. 543 0.412 0. 444 0.122
w NS ® o 1 0.720 0. 849 0.038 0. 175 0.026
R, NS ® o * K 1 0. 844 0.610 0. 680 0.437
Ure NS ok * ok ok 1 0. 405 0. 461 0.303
Ive NS * ok NS * ok * ok 1 0. 896 0. 847
CAT * ok * ok NS * ok * ok * ok 1 0. 822
ACP NS NS NS * ok #* * ok ® K 1

1) = s = SR RARTE 5% M 1% /KR FENE; NS: AR T LR, W, LHERE; R . 1IN Ure: IRE; Ive: FAume (HENERGE) ;

CAT. jF4A LA ; ACP. FRVEWEIREY

Y. Ry X,: T; X,: Ure; Xy: Ive; X,: CAT;
Xg: W. FFFE(1) R T, Ure Fl Ive X R, BIFRUE R
BT K 0.473 (P <0.01), 0.495(P <0.01) #l
0.286(P <0.01), FE(2) M T, Ure Fl Ive Xt R,
AR 22 5043 5 4 0.382 (P <0.01) . 0.679 (P <
0.01) F10.035(P <0.01) , H it Al %0 J6 Z A & Ak
PR, T, Ure Fl Tve Xt R, M STRR S K, HFEHE T,
Ure F1 Ive BUBGHN, R, L 2RI35 00 7R (3) KM T,
Ure Fll CAT Xf R, BYARE R B30 0.544 (P <
0.01).0.353(P <0.01) #10.251 (P <0.01), T,
Ure A1 CAT Xf R, WITTRRI K R, K% T. Ure F Ive
G NTEG AN 7 AR (4) KR W] Ure, CAT F1 W Xt R,
FIBRIE R -0.332(P <0.01) . 0.715(P <
0.01)F10.856(P <0.01) 151 R, i Ure FOBE I
T REAIE, B CAT 1 W A3 i 354 .

Wi

4.1 FUCHENT A+ IEIF I (1) 5

ARG L5 R R R TR E R, EF R
FKZE BUTHAL PR + 3 CO, HEMUHE F MR T 1%
~13% , MAEBLHL R 1946 7, B DT A Ffef 1 32
CO, HEBCERTIEG T 0.5% ~7% , HAA b Pk i
YA E K (P <0.05) . AT 8 4 Eng g [
TR R AT g2 . OIS I T 388 S A Al
RS R, w2 A & A P s A g
7 A A 0 0 SR ) - SR R S, DA T BELAS- A 95 4
Gy AR NSRS R, 2E IR0 R B G . @A
DRI + S aE A A i ARk 1 58 pH (B FEAIK,
B HERR AL R ARAE PR B A K AR A i, B
(AR I 43 306 400 Uk 20>, 30 T O ) A 4 R R DR
QR ZE F 5 LXK, Y PR 5 505 3k )4t Fn
RS, 15 A DT R il 2 X b S I 0 7 A= 1 4l 1)

4

YERDST. @] BE & K 43 X 58 09 0% 1) 3 K sk
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LN - 52 i (R A 2 i s v X000 i 4 38 1+ AR
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SR N 5
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BRc T, s maxt IR0 i . & Fh AR b R
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. Ajwa 2515 % AU A il R 5 1 AR 6% ~
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em )2 IR Bl % 2 2 0 BRI T 23.6% | 37. 1% Al
67.2% ,f# 5 ~ 10 cm + )2 RS PE H X IR 2 BRI
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