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Abstract: In recent years, nitrogen deposition has increased globally because of the worldwide combustion of fossil fuels,
industrial development, and production and use of artificial nitrogen fertilizers. Nitrogen deposition can not only promote
organic mineralization and increase nutrient availability, but can also cause soil acidification and nitrate leaching, once
nitrogen input overcomes the accumulation ability of plants and soil microorganisms in ecosystems ( i.e., nitrogen

saturation) . The objective of this study was to investigate the responses of temperature sensitivities ( Q) of soil organic
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carbon mineralization rates (C . ) and enzyme kinetic parameters to nitrogen additions in a subtropical forest. We selected

min

soil samples from a long—term field nitrogen addition experiment conducted in the subtropical soil of Chinese fir plantations.
The three nitrogen addition treatments , i.e., control (NO) , low nitrogen (N1: 50 kg N hm™a™") , and high nitrogen (N2:
100 kg N hm™ a™) , were established in 2011 with three 20 m x 20 m replicate plots for each treatment. The soil samples

were incubated at 10—40%C in the laboratory to measure Q,, of C, and B-1,4-glucosidase (BG) kinetic parameters. The

min

results showed that 1) the nitrogen additions increased C which varied as N2 > N1 > NO, but the differences between

min

the Q,,(C,,,) values were not significant. 2) The nitrogen additions increased the maximum rates of velocity (V, ) and
catalytic efficiencies (V__ /K ) as N2 > N1 > NO; this was consistent with the soil C_, , but the nitrogen additions had no

significant effect on the half-saturation constant (K, ). The Q,,(V,

max

) and Q,, (K, ) values varied as N2 > N1 > NO, but

the Q,,(V,./K, ) value showed no significant differences between the N addition treatments. 3) At 30°C, the correlation

max

m

analyses showed that the C,, values were positively correlated with the total phosphorus (TP ), nitrate nitrogen ( NO;-N),

min

Furthermore, the V

and available phosphorus (aP) contents and V, o Values were positively correlated with the TP and

NO;-N contents, and were negatively correlated with the pH values. Moreover, the K values were negatively correlated with
the total nitrogen (TN) contents, and the V /K, values were negatively correlated with the pH values and were positively

max

correlated with the TP contents. Under 30—40°C incubation, the Q (V) values were negatively correlated with the pH

max

values, while the Q,, (V /K ) values were negatively correlated with the TN contents. This study provides the key

parameters for modeling the responses of soil carbon cycling biochemical process to increasing temperature under increased

nitrogen deposition conditions.
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Chinese fir plantations
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& E A A ( Cunninghamia lanceolata) FAETEIALE 35 911 J7 hm* , 4351 5 rf B A AL 189% A1 5%, AR
WEIE I3 BT IS AL AR R A DU 0 N2 BG 3l 1% Z 80 T U E R 52 el BOTRE TS 56T T3 R IG
IR A A 2 AR T iR e 17 ) A R A A i S

1 #EFFEE

1.1 AR

BFFEREHA, TV 708 2 A E AT AR (26°52744"N, 115° 137047 134 102 m) , 120k 15 B ) e 37 Py
Z A AR AR A K B0 510 R 17.9°C 1 1471.2 mm'™' | BEHIAZ K ( Cunninghamia lanceolata ) 3T
2000 410 SR SRR ER IR 55 T 4, AR O AT @RS A YR K T R R it T A
BTN 1.31 g/em,pH 4.6, FIEHHLER (SOC) T &0 17.68 g/kg, A (TN) Frih 1.12 ¢/kg, 20 (TP)
FHEN0.1 g/kg ™,

1.2 il 5k 1t
1.2.1  KIHAEA s e

762011 4F 11 B ARMBEDT , 2648 9 1 400 m*(20 m x 20 m) BFEDT , IF B ANFEF A 10 m Y22
MY, FRA AN R AR E 3 M X IR (NO) fIRZU(NT:50 kg N hm™ a™') , % (N2:100 kg N hm™
a”l) BEFPALEE 3 REE AL NH,NO, . [ 2012 AEJFIATGAR , B64E 4 e, Hoh AR K2R (6 H .9 ) Al
AR 30% , AEAERK (3 A (12 A) it EA24ER 20% , AWFSELE 2017 4F 9 HoRH 5 SURARA,
W 2 R ATEYRS  HEAR 2 em B9 A5REE 0—10 om HIERES 3 2 mm 55, BRI 2564, A BH48% 55
FH AR 12 RS2 90 5 | 4°C VKAR IR AT .
1.2.2 H=NERESR LR

XFAZAM 3 A0 FR 3 A 52 3 9 N FE s E AT & N IR BE RS B 5 2 Sl 10°C (15°C . 20°C 25 °C ,30
°C \35°C 40°CHE 7 MREFRIRIE , Bt 63 M,

BTy  FREUAR Y T 40 g T AOEE 1 2 A 100 mL B 0 BRHH  , H3ERE L S /K RE T 2= 60% 1)
FH Fe) 7K B TAVTH IR (20°C ) IH IR (80% ) B5 3R N TIRE I 4 d, SRS A - iR R BE R E I 355 35 , 111
SFUTYEFR T d FESEFR R R PRI L4 I S AIK, RERR 2—3 d #K 1 IR,
1.3 ST
1.3.1 R

3 pH (A pH THE (£/KHCSH 1:2.5) 5 3 /K R ST 3 5 ; 148 SOC TN SR T 4
BrX%E ( Elementar, Vario Max CN, Germany); 138 TP >R FH B BR & 58 B2 I 2015 — It 8l 43 A A 22 ( Bran
Lubbe, AA3, Germany ) ; 13 Al % ¥ A HlLax ( DOC) HIB 4li7K ( 17K 2Ry 1:5) = 3-S5 A Lo 2 A A0
(Elementar, LiquiTOC I, Germany) ; £ 25 % (NH;-N) A A (NO-N) H KClIE# (LK R 1:10) 2
$&-1 8l AT A 3E ( Bran Lubbe, AA3, Germany) ; T3EA 2 (aP) H NH,F-HCL %W ( /K 1:10) 242
— ST %E ( Bran Lubbe, AA3, Germany) 5",
1.3.2 3R fhk 3 K i B U

FEE NIRRT IRAVEE 1.3.5.7 d, RIS E A R B2 N s P ek [ sl el w2 8 o, il
EC R4 CCEE, C L TR AR

C,..=CxVxaxB/m

K1, €, 0 HEEA PR LE A (g C d™' g7') € HTEMHARTE] A CO, We BB A 1 B2 RPR v R L RIR:
FA AT (ml) 50 R CO,TMRMARBULAL N T 1) R 5 8 METRI (s) Bk REL(d) 9 R 5 m R
WT LB,

I DR 3 3 I U T A O
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K, TR FI A AR T HE S 0 RIHER L (°C) 50 2R 0CH HIEA MR L (ng Cd™' g7') 50 AR
JERZEL o b i IR R G IR A A5 5 0,0( C. ) R A AL Ak 1 W53 ROk, BV
FERTFEE 10°C R 3EA HUBRE™ (L S0 i 550
1.3.3 T3 B-1,4- A0 I 8 ) 2 280 U

Sy FRIE 63 A HARFER Y 1 g & TR A 125 ml pH=4.5—5 BYEEFRZE I (50 mmol/L) ,
FHBCR Y KORE s 1% 7 s 1R 20, i i - S8 5 WO - 38T 200 . T 96 FLAALAR, #HAMA 50 L
A9 4- B L Ap-TE 1i 19k - B - D - M M 7] 264 18 (4-MUB-B-D-glucopyranoside ) YE 4, JiE W)k B F6 BE 15 84 5.,10,20
30,40 .60,100 1200 pwmol/L, ZEFRUEY AL IIA 50 pL ¥~ 10 wmol/L AYARHEY) i 4-H KA JE B ( 4-
MUB, 4-methylumbelliferyl ) Fil 200 wL AYESRZE MR, FE i AT i & 8 AN [FIBT iR B2 H . i L e
AFNE I B 15 FRAE PRI 25 A T 35 5% 4 A/

ISR A FLINA 10 wL 1mol/L NaOH ¥ , 13 1 7345 , R AL ZE G IEFE 360 nm 34 460
nm A7 (SynergyH4 , BioTek) %

£ SigmaPlot 10.0 B X il 16 PR FUR Pk B A7 oK [COr B 2R 00, 103 LG 30 ) 2 S8V, Al
K,) AN

V=V, [S]/(K,+[S])

K, VR REIE SN AR (nmol g™ h™") 5.8 WIRYIHK BE (pumol/L) 5 V. 4 T2 S I 14 V5 7E $5e K38 (nmol g™
h™) 5K, AP AT £ (umol/L)

+ el By )2 S0 B U TR AR

QIO :eS]ereX]U

3, Slope JXF V,, A1 K, EATXEEUR A, S5 3R IR H S R A R B RR
1.4 Hdssiitotr

FIH SPSS 17.0 B A Bl #EATSE o0 Mo R FH B3 J7 22 70 Hr CANCOV A ) X AN [ LS B oK - #4537 1 B2
T C,, FBG B 2SR AT B ARG IS , RS I AR R 5 R 7 B R R VR b AR i, SRR &R
75 225387 (one—way ANOVA ) Xf AN [a] b B+ SEFRAL R T, 12338 €, LA K BG 3l 124 S50 TR UM kAT W 2%
PERES , % Duncan T2 B (P=0.05) . 2017 459 A RAERTREH + 38R B8 27 C , R IEFAHIT 1Y
30°CHFR FHTI C ., (BG BN 17224, 30—40°C EFRIRSE T BG 1222800 Q  JEM 13 IAEL K+ R
Pearson IEHEATHISEHT . FIF SigmaPlot 10.0 AR, 1B Fh 8 o F- Y{E + bR iR

2 ERES

2.1 IR A R 5 5

FAS AL B G S RS 9 pH (., = Z&U(N2) IR IN/KSF- B35 18 i TP R NOS-N & &, FEFREAIC NHE-N &,
HSXTERARE, RA(ND) WRINALE Y ZREAR NH,-N & &, Z@mxf £ SOC TN . DOC 1 aP &
AR E (R,
2.2 FIRII A HUBRE™ T 6 R T R A () 5

FE 10—40°C K577 18 BV BBl N, AS RIS A B 18 ©, BE IR A 38 Jinin 248 808 n , > N2>N1>No,
D5 22 A A SRR IR IXS €, W2 A e 2 (P<0.05) . NO N1 N2 [ Qo(C,,,) K/N5r5i ok 1.21,1.20,
114 (HALBERIETE R E 25 (B 1) .
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Table 1 The effects of nitrogen additions on soil physical and chemical properties
R J 7 BeASA A W
s HbUE RN eB bk WEH : HEBE L possoc
Treatment pH S0C/ TN/ TP/ DOC/ NH}-N/ NO3-N/ aP/ /N (107)

(g/'kg) (g/'kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
NO 4.4£0.0la 19.0+0.36a 1.2+0.04a 0.1+0.01b 47.3+0.90a 16.3+0.71a 3.4£0.59b 3.6+0.06a 16.2+0.64a  2.5+0.08a
N1 4.2+0.03b 16.4+0.91a 1.1+0.04a 0.1+0.00b 43.5+1.30a 13.9+0.14b 3.9+0.35b 3.3+0.02a 15.0+0.56a  2.7+0.16a
N2 4.2+0.01b 18.5+1.28a 1.2+0.03a  0.2+0.00a 49.0+3.33a 14.1+0.83ab 6.1+0.28a 3.7+0.21a 16.1+0.92a  2.7+0.35a

BEHARING PR A [ 2R B E] 22 57 B

(P<0.05,n=3) , B8 £ -3 £ AR #E R ; NO (XA ) ,N1(50 kg N hm™? a™!

),N2(100 kg N

hm™2 a™!) ;SOC: Soil Organic Carbon; TN ; Total Nitrogen; TP : Total Phosphorus; DOC ; Dissolved Organic Carbon;aP ; available Phosphorus; C/N ; Carbon/

Nitrogen ; DOC/SOC ; Dissolved Organic Carbon/Soil Organic Carbon

Q -

g 60 1.4

= e NO

=}

= 50 L v NI
3 8 = N2 ! P=067 P=0.0239 13} a
g S g0t P=071 P=00173 a
4‘3,5 o 2=0.82 P=0.005 L)E T

i -

EEz 0t % 12 .
=55 S 8
szt
o™ 1.1}
+H 5) 10 -

—

5]

:—s 0 L L L L 1.0
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E1
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Fig.1 Soil organic carbon mineralization rate and their temperature sensitivity under different nitrogen additions

Coin : HIHEA PR LR | soil organic carbon mineralization rates

2.3 FHEBIXT B-1,4-H A BT BESh J1 2 S 8OUR
ANFEABIMAE T IV, In(

JEE SURRE (5
V,o/ K, ) 5l EE 5L 1 3 IE ARG, HAER/N R N2>N1>NO( P<0.05) . AN[A]

FIRIAKTER Q,0( V.. ) F1 0, (K,) BIFR/NRFEI N2>N1>NO, I H 25 5 % i AR kb2 Q,,(V,. /K, ) TC

BEZES(K2),
2.4 AHRHT

1E 30CHEFIRE TR, €, Al TP NO;-N . aP vV, W IEAFE; V. Al TP NO;-N & IEAHE, fil pH 3%

O K VTN W E AV, /K, A1 pH B2 TR ¢, il TP B 3& IEAH G, 78 30—40°C i FRIBE T, Q
(V,o/K,) 1IN BF R (E2),

30—40C
10

(Vo) 1 pH 2 A 0

30—40C
10

K2 S0CHEANKRT LER B-1,4-FEETHEHNNFZSHMLERERFHBEXNSE

Table 2 The correlations between soil organic carbon mineralization rate, kinetic parameters of 3-1,4-glucosidase and the soil environmental

factors at 30°C

S8 EEpIRd 2R e AR AR AR AR

Parameters pH SOC TN TP DOC NH;-N NO3-N aP min
Coin -0.431 0.438 0.104 0.841 " 0.195 -0.194  0.890"* 0.729°* 1.000
Vs -0.720"  —0.040 -0.257 0.894 ** 0.404 -0.534  0.822* 0.275 0.739*
K, -0.010  -0.441 -0.794*  0.080 0.195 -0.198  0.326 -0.096 0.177
Vinar” Ko -0.675" 0.285 0.277 0.803 ** 0.224 -0.383 0.542 0.344 0.589
QN (Vo) -0.704*  -0.596 -0.236 0.258 0.188 -0.422  0.485 -0.444 0.129
Qi (K,,) -0.390  -0.028 0.430 0.109 0.033 -0.168  0.115 -0.184 -0.015
00 (V,/K,.) —0.073  -0.440 -0.800"*  0.078 0.115 -0.151  0.273 -0.108 0.145

#P<0.05, % P<0.01,n=9; Qi (V,,,) .00 " (K,) .0 (V. /K,,) 52 IR 30—40C LRI BC 1 Q10 V,) 1 Q10(K,) Qi
(VoK) o
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B2 ARERHFMATE B-1,4-HEREENNESHRBEHEE
Fig.2 Kinetic parameters and their temperature sensitivity of (3-1,4-glucosidase under different nitrogen additions

Vinax L R R N R ,maximum rates of velocity ;K,, <M AR B , half-saturation constant ;V,, /K, N R ES , catalytic efficiency

3 g
3.1 FEIR L AR SR Y

LRI SE R B A IS B SRR AL 0 O O BN T s ey HOHEN, Ca™
Mg™ BEAR , AT pH R (R in 138 TP &5 4, 7l PR 1] WY S8 f) SRR 200 DX, (s 4t 2 458
O R TR PR 0 oA 2% it L B BB, Rt A A5 R G WA BF, T RSB0 TP & ST N I B -
NO;-N 34/, NH;-N FEAI%, A meta 2045 5R B , ARV A S 5500 R Cin S Ak 4 i 2 A
B BRI, PRSP ISR S NHE-N [3 NOS-N BRAL™™ . AT IR AR AL ) BF 7 0, S
] 2 AR S A A T BB DN 2 52, X T AE 5 B AN N AR AR BOR AV ARG, AT 0 - 4 R NOS-N

A~ 1[40
CE

3.2 GO LA HURR R 138 3 B il B SR F 52 i

FAS IR, 1 C 805 X S Wang' P e AR 4 R B0, BB N T e AR
Fror it AR Y AR iR N 2 R G AR 43 AR IR S A TR 1 S LR A R
A WL AL HORRR 5 EHEFR 5 S A O, B 2R TP T R I EM I BAR C/N SRR A WA HLk
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18 4] HIER A RIS AR A DL s R % i 8 ) 242 Mo BE U R 9 52 R 7

Oy FEAVE IR, B 2 A5 ) (EARHIFSE Hp &R I 38 C/N JE & E R R IARTEITh C/N R C,,
) BT,

TR L FE Qo [ R AN A T R R R (RAR BRI 22 AN R 2 . Mo 7 FR I R U WA
AR T2 A R A DL TH R G Qo (Bl R0 i ) T 1 4 3 R R . Mo IACHIRE RS m €, e B2
PRIZE (0 K AN IS 1 TR %o+ NP s (P AR FH L 5 22 A H AR BIRSE A b AR I 7 48 T Mo
FEHB AN 15 4F R B ] (A A AL BT R R R B2 S AR E R . Q,0(C, ) ZZ RN R,
WA HLUT R E M ISP B R s b A5 ARYE G 3 ) S R S T A5 R R AR R R, B A P k2
B A3 AT BT, A3 Ak T i B R AL RE AR s, L QMR Y L AR S AS [ U Ak B A3
DOC/SOC T il 35 22 5 , 3% 0 T A2 32 U [F B AS INAL B R 1Y Q0 C ) TE B8 35 25 S I R TR 22—

3.3 AU 4 -1, 4- R AR T BEE 1 B0 ) S S U URE 52 )

ARV BRI BG 1V, AV, /K, BEIRETHE MG o, 3302 PR A il B8 THa , 2011 shm el G FE
YR R I BV, RV, /K BN AR P R T S8 1 U S R, AT 5 B A P e
T (BRE) HIFBZ | ARE T 0  1) 20 SR 70 o W 7 1 TR 2 S R A G R (n BG) L
fift LI LR AE R PR B A LR o3 A R 2R 1 [7] 38 KRR K R BG I 1 L) e g IS4
AR AT BRI SR 45 R S AT S a5 R —3 Y 3R v, A € BRI DG I AR R T4k
SRS ST AN N 2 U W0 3% FRE S TR, AR S S T £ BG K i I, iE— 0 AR E A LA
I3t

AR T, BC (1 K, BEREERS I 3L TR B G 3 kg, AT T K, Bl
AR AL AT S A3 2 SRR B A S i 5 I R b A — PR 36 . NO 19 InK, i T3 2 1k
BTG, T DR iR B vy, Tt S5 IS T sh R B, 4 6 T SR AR T v T T N2 1 InK, B B 2R R T
Fe U 5 IT BEAE AR W T R AORE - 1) JHL At T 5 SN 1) 0 05, HLRR B T v s IR 2 T S g I 1 i R R
S5 25 AT MO, S 8K B

RIS T vV, K, B Qi , FBOT Q,0(V,,, /K, ) HICFEN 3 i IR BE R e, SR i
BG MBI 1S H QoM , F AL Y T LIS N Y Hb 2200 e 1 i AR08 T 2% 14 o R A AR AR 0 I ke g 2l g 2%
SRR FE U E BT R, BAS IO T 5 AR B Qo (V.. ) JCHA R M, 0 5 2538 Jin 1 AR 1 ( BX) 1)
Qo(K, )" BEsh 12 S0 RE BUSME S E A A 2R R A O . AR AU (50
100 kg N hm™ a™") i TR AR AU (25.2 .35 kg N hm ™ a™') 1'% 5 AT 68 S BOA R 10 7K A 1t 175 %o i g o
R TS AT 30—40°CTEREN BG B Qo ( V) F1 Qo (V. /K, ZIAT# 5 pH $AAHSCE, J5# 5 TN IE
FHOG, R BT A ) ) - SRR USRI R

4 ZHie

SR IR AT DU 3B, A R MO 1 2 1 3 R LA, 3 L5 LA T
SO BRI o1 4B ML A SR A 0 T GO 535 2P L
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