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plantations in subtropical China. Four treatments, i.e. control (CK), N (50kg Nhm™a™'), P (50kg P hm™> a™"), and
NP (50kg N hm™ a™'+ 50kg P hm™ a™') ,were selected in this study. We studied the effects of N and P additions on the
soil mineralization rate of carbon ( C_ . ) and nitrogen (N, ) and the kinetics of B-glucosidase ( BG) and N-acetyl-
glucosaminidase ( NAG) . The results showed that (1) N additions had negative effects on C, . and N ., which were lower
by 25% and 18%, respectively, compared to CK. (2) P (P, NP) additions decreased the V, and K, of NAG by 26%—
60% compared to CK, whereas NP combined additions greatly enhanced the catalytic efficiency (V,, /K, ) of BG and NAG
(P<0.05). (3) C,,, was positively correlated with dissolved organic carbon (DOC) contents, whereas N, was positively
correlated with pH and negatively correlated with NH;-N and NO;-N contents. The catalytic efficiencies of BG and NAG
were negatively correlated with NH;-N and NO;-N contents ( P<0.05). The K, of BG and NAG was positively correlated
with NH;-N and NO;-N (P<0.05), The V,, of BG was positively correlated with NH}-N and NO;-N (P<0.05), and the

V... of NAG was negatively correlated with soil organic carbon, total nitrogen, total phosphorus, and available contents ( P<

rrrrrr

available N contents, and inhibiting the V, /K of BG and NAG, whereas NP additions increased soil available P and the
V.. /K, of BG and NAG in southern subtropical Chinese fir plantations.

Key Words:; nitrogen and phosphorus additions; soil carbon and nitrogen mineralization; enzyme kinetics; Hydrolase ;

subtropical red soil
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BES PR RS SN e % TR AR A i g R T2 o B-1, 4R AT I ( BG) BEME MR EF 4 R —HE R
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ALK, W Fe 30, PO 2430 W4k 102m , 45349506 17.9°C 4R 0 7R 280d , 4F X[ M & 147 1lmm
SRR A 2T 3 B S, BB R M LT D s DR B A A BT R, A mR T A A bR
X, T IRA A B IR B o N TR, B 55T 70% , B Fh Ol 1985 4R 5 Al A9 2 B A ( Pinus

massoniana) JBHIAS ( Pinus elliottii Engelem) FFZA ( Cunninghamia lanceolate) ')

1.2 K5t

ARNTHIN P BN AL 4 03, %I (CK) N(50 kg N hm™2a™) P(50 kg P hm™? a™") NP
(50 kg N hm™ a™'+50 kg P hm™ a™") ZUIE 4 NH,NO, , it~ NaH,PO,, &MEH S REE (n=5) ,4/MMX
FL400m*(20mx20m ) , 3 20 A/NX FEFEPLIX ZH BT/ M RS> 10 m, 25 /NXBFELHES , A &4~ /N X b &) A3
4 A/NX, Fe i SR SR RAR A T LA 10mx 10m , Hofl X 38 A 7k AW IX [ 2012 4EFF ARt AE , FE4F 4
W,k 3.6.9 F12 A b A KR 6 A F 9 At &34 8 240 30% , 3£ K 25 3 A A 12 At &35
) 20% , ABFGEIESE 2014 4F 11 HSREE 7R SRR - MR SRR (1) /N X BEDILGE B 5 05, bR 25 b
FINEYZIG HEAE 2em B L 4RE 0—10em HIEFES 3 2mm 0, PRBRAR R )5, B B4 B 2 AR
1B WS TE 4C KA A
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+3% BG Al NAG 7t Mr % AL AR D 8 (Saiya-Cork , 2002) , 435511 FH 4- F A0 I8 B Bt - B - D - N P 7
A3 (4-MUB-B-D-glucopyranoside ) Fll 4-H 3 <0 FE - 2- £, ok 2 % 2-W 5-B-D- ik I 1 25 4 (4-MUB-N-
acetyl-b-D-glucopyranoside) i BG I NAG HIRH , B FHl Z N AERFFR X ( SynergyH4, BioTek ) 7E 365nm B0 b AL
% ,450nm AL IEATIOEKN . BC I NAG IR BEE 8 R BEAR B (5.10,20,30,40,60 100,200 umol /L) , Ff
BCE 8 ANEA L BOEARIF T IR IRA PR 4h 5 HEATINE
ST 1 i T P REG 4 Y S ) P SigmaPlot 10 1 1E A7 0K 1G22 4004, SR e i A 2 i o
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V=V,.[S]/ (K,+[S])
O, VOB S B V| AR ORI SN HR S S R, K O TR, BV AR S S ARk 2 1/
2V, I EY R EE ] R R Rl 5 IS 4 S R
1.3.3  HHERifLiE R

35 pH B (/K 1:2.5) H pH HHE , BE T 3500 52 585 KK (105°C 24h) , BAHLEK (SOC) A4 4
(TN) R {5 Elementar JTGE 43 HT1 ( Vario Max CN) %2, £ #% (TP) K H HCIO,-H, SO, JH & -8 bt kb (2
LR T ( Auto Analyzer 3, Bran + Luebbe) Ml %€ , £ ZAS% (NH;-N) FHHAZ (NO;-N) R Imol L7
KCL fE R4 (LK I 1:10) 180—200 %% %37 % E IR 2h, %8 J5 R 1 % L2300 80 4 B A 5 | A S0k
(aP) >R 0.03 mol/L NH,F—0.025 mol L™ HCL RSV AR HEM ( LW L 1:10) #£ 180—200 %R Z s L4k
¥ Smin , ITCHEIEAC U8, @8 o IS0 sh /A . AT A HILER ( DOC) 2k FH B 4l /K= 42 W ( 47K L
1:5) | BA YR /AT 5E ( Elementar, liquiTOC 1T, Germany) '*
1.4 Aot

KRR F 22 H7 (One-Way ANOVA) A1 Duncan 2 5 X £ F8 bR B AT B VERG G, B & MK P<
0.05 ;K FH 15373 H7 (PCA) T iEPEA A Rl AL BEXS 38R RT (C, FT N, \BG FIl NAG 3l 12 S5 sl 5 #1
Pearson #:l C . N, . F1 BG FI NAG 2l F12= S50 e - H F 2 M AR OC M . T SPSS 19.0 #4758 14347,
Sigma Plot 10.0 HA

2 ER5H5H
2.1 ABEASIINGT 1 B R AR R

N @ CK fsf 3 rp NHE-N 1 NO;-N & 533840 T 60% .251% (P<0.05) ;P NP ZSAN%L CK i 4- 45
Y TP I aP & 020 BB I T 35%—53% 215%—241% ; (P<0.05) ;5 CK AHE N %S A0 A8 5 F A% + 3% pH( P
<0.05) ,1fi P AN B39 pH &%, 5 CK AL, N NP @i 7 soc FE (£ 1),

1 @ BEHmnTLEEAEREE

Table 1 The effects of nitrogen and phosphorus additions on soil physical and chemical properties

e ol PERIRT 2R g IR dR S @ﬁiﬁ‘/fi ﬁF'!’_S/fL AR
Treatment (H,0) S0C/ TN/ TP/ DOC/ NH;-N/ NO3-N/ aP/
; (g/’kg) (g/’kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 4.8 (0.06) b 18.5(0.1) b 1.2(0.06) a 0.17 (0.06) b 22.9(1.5)a 11.0(0.2)b 1.9(0.3) b 49(0.7) b
N 4.5 (0.05) ¢ 20.9(0.3) a 1.3(0.01) a 0.16(0.08) b 21.1(0.8)a 17.6(2.2)a 6.9(0.8) a 4.7(0.5) b
P 5.0 (0.09) a 19.2(0.0) b 1.2(0.02) a  0.23(0.09) a 21.7(2.4)a 12.2(0.5) b 0.8(0.0) b 16.8(3.4) a

NP 4.6 (0.05) be 20.8(0.2) a  1.3(0.05) a 0.26(0.30) a  24.1(1.3)a 12.1(0.9) b 0.8(0.1) b 15.5(2.5) a
B ARG FBE R A AR PR 22 5 525 (P<0.05,n =5) B F R FBE (brifEiR22) ;N (50kg N hm™2 a™'), P (50kg P hm™2 a™'),
NP (50kg N hm *a~!+ 50kg P hm™ a™')

2.2 AEBEISING A b H R ) R

N Lt CK ) €, ik 25% (P<0.05) ,P NP Xf €. FSEM%E CK ¥R B3 ;N IR0 & s T N, (P<
0.05) ,N NP FZEl i 1l Ry, i H3E N, 8 CK 43 5IFEAR T 18% F1 8% , Horbr NP % CK i N, I8/ Nk 3]tk 2
K (P<0.05) (B 1),
2.3 GBS 1 e R h 12 R R

158 BG FI NAG 13 M 5 Rk BE L& S48k R FE (K 2) . N Bl BG MIEsh 1122550 v, .
K, % CK(66nmol h™" g™ 53 umol/L) /I T 36% .13% ( P<0.05) ,fHXJEFHY V,, /K, B0 A 5 (P>0.05), P

m

A (P NP)FEME T NAG 1y v, K, , H CK &I T 26%—60% (P<0.05) , NP [RIHER M BG F1 NAG 1Y

m 9

V.. /K AE5 5% CK HEHT 61% .89% (P<0.05) (£ 2) ., BG Fl NAG fzh J12¢ 3% v, 5 K, Z A 5% 1E

max m

http ; //www.ecologica.cn



24 M A BRI IONAZ AR 1 SRR A A R L g s ) A Rk S 619

I (P<0.05) (K 3) .
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Fig.1 The effects of nitrogen and phosphorus additions on the rates of soil carbon and nitrogen mineralization
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SRR

Substrate concentration/(imol/L)

B2 \EBERMENT p-1,4-FEHEER(BC) M B-1,4-N-ZBHEMEEEH(NAG) KK AFRMUALER
Fig.2 Michaelis-Menten equation of B-glucosidase ( 3G) and N-acetyl-glucosaminidase (NAG) under N and P additions

®2 @EHRMX BG.NAG BiZh HESH MM
Table 2 The effects of N and P additions on the Kinetics parameters of BG and NAG

s V,w/ (nmol k™! g71) K,/ (pmol/L) Vo K, /b7
Treatment BG NAG BG NAG BG NAG
CK 66+11b 34%0a 53+12b 38+3a 1.320.13b 0.920.06b
89+3a 27+2b 85+7a 38+la 1.0£0.05h 0.8+0.15b
T4+4ab 25+1b 58+8h 24+3b 1.3+0.09h 1.120.09b
NP 59+4h 25+1b 27+2¢ 15+1b 2.10.17a 1.720.13a

BHIARF/ NG FREF A A A A PR 25 5 5 2 (P<0.05,n =3)  BUERRFEMEARMERE ; V. BORERIE RN 3R, Maximum rate of enzyme
reaction; K, : PIUHIH %L, Michalis constant;V, / K, . FIE VAR, The efficiency of enzyme reaction; BG : B-1,4-Hi#GHE 11 , B-glucosidase; NAG ;

» ¥ max

B-1,4-N-Z B A bE 205 1 i , N-acetyl - glucosaminidase

2.4 ERSY T

H—F W5 (PCAL) 5 E M5 (PCA2) 5l RE €, 11 BG NAG 3l J1 2 S50 - Pk i A% & &
7219 38.7%H 18.9% , PC1 #i EH LM aP TP N K (BG). K, (NAG) NO;-N NH:-N BGK, .BGV, .
SOC M97AEfk, PC2 il EZER I pH N, DOC K TN 254k (&l 4b) . A[RILLEE PC1 A1 PC2 27U,

m >

min \ min
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HHE PCL %l NPSP>CK>N, 7E PC2 #li |y CK>P 100
>SNP=N (K 4a), w | Zﬁ;ig 2=0.881
25 *H?éﬁ*ﬁ‘ %i:b P =0.0001
T4 C, N, SRR ARG, B O
5 DOC IEAHK, N, AR, 5 pH #8 F1EA 2, 5 NH; - g% 40 | To .
N.NOS-N BEGHK, Ry 5 TP Al aP REEME(P< = 1wz O
0.05) (£ 3). P=0.005
4 BG \NAG 3h 1122505 + RGP 5 A 6 4 % 2 20 60 0 100
B, BG 1Y v, K, 5 NH;-N, NO;-N iEHI % (P< e S

0.05) ,H: V. /K 5 NH;-N i3 (P<0.05) ,5 TP .aP B3 11 p-1,4- B2 (BC) 1 p-1,4-N-Z BE A IR S I 150

IEAHSE(P<0.05) 5 £HE NAG 1Y V. 5 aP FMISC(P<  (NAG)BINZESHV,, K, MRS

max

0 05) K 5 SOC _TN.TP _aP ﬁ' *H 3%< P<0 05) 5 NH'- Fig.3 Relationships between the Kinetics parameters ( V, . and
* b m N N N ~ . ) 4

N NO--N E*ﬁi"é ( P<0 05) ii% NAG E/J V. /K 'ﬁ K, ) of B-glucosidase (BG) and N-acetyl-glucosaminidase ( NAG)
N 37 . ’ . m

max

NH;-N, NO;-N i 5% (P<0.05) , 5 SOC . aP IF 5

(P<0.05)(#4).,
1.5 0.6
a b Nmin
[ ]
1.0 | % opH
0.4 ® Chin
o CK % NAG Vinas
AN .
05 F vP
EN L S 020 g NAGK.
o %)
0 I socC TP
~ N ° .
< { 0
g 9 . .
-05 | & ® BGVimax K.(BG
BGKm
. ° aP o0
02 o oNHIN DOC .
-1.0 b NO;™-N A K.(NAG)
N
-15 1 1 -04 1 1 1 1 1 1
-2 -1 0 1 2 -04 -03 -02 -0.1 0 01 02 03 04
PCALI (38.7%) PCALI (38.7%)

B4 TEHBATHEE TIE BG.NAG S NZESHM L EREEFER S

Fig.4 Principal component analysis of the soil carbon and nitrogen mineralization rates, BG and NAG Kkinetic parameters and soil
environment factors

(a) ENGIEOSE ,(a) score of different treatment; (h) + 145 Crin i Noin I BG .NAG shh %%ﬁﬁ%%w%ﬁﬁﬁ, (b) loading values
of individual soil carbon and nitrogen mineralization rate, BG kinetics and soil environmental factors; BGV, . : BG BAE S i KHK , Maximum rate
of B-glucosidase ; BGK,, : BG K [ # %X, Michalis constant of B-glucosidase; NAG V. : NAG i {2 JZ [ fz K 34 %, Maximum rate of N-acetyl-
glucosaminidase; NAGK,, : NAG K [Q # %, Michalis constant of N-acetyl-glucosaminidase; K, (BG): + 3 BG M ILCR Vv, /K, , efficient
reaction of N-acetyl-glucosaminidase; K,(NAG) : + 4 NAG HYALRCR Voa/ Ko s The efficient reaction of N-acetyl-glucosaminidase

R3 BEVLEZRSTEREERFHEXME

Table 3 The correlations between carbon, nitrogen mineralization rates and the soil physiochemical properties

wik pH ALK £ B IR ERS AR AR AR
Mineralization pH SOC TN TP DOC NH;-N NO3-N aP
W L C, 0.262 -0.239 0.138 0.047 0.551* -0.189 -0.01 -0.187
RO ALHA N, 0.635** -0.372 0.153 0.367 0.215 -0.459* -0.581"* 0.204
LA Ry 0.530 -0.616" -0.456 -0.161 -0.045 -0.329 -0.421 -0.187
EALH A R gy 0.050 0.298 0.292 0.639* -0.105 0.166 -0.164 0.654"

* P<0.05, * * P<0.01,n=20;C,,: T W {1k 3 % | Carbon mineralization ; Noin AL R, Nitrogen mineralization; R : KA R,

Ammonification rate; Ry fﬁ’ﬂﬁ@%, Nitrifying rate

http ; //www.ecologica.cn
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x4 BG.NAG N NESHETERFEFRIEXM

Table 4 The correlations between the kinetics parameters of BG, NAG and the soil physiochemical properties

HT Vo (nmol 71 g71) K,/ (pmol/L) Vo Ko/h7!

Factor BG NAG BG NAG BG NAG
pH -0.300 0.099 -0.301 -0.069 -0.301 -0.079
FHLAK SOC -0.022 -0.742* -0.134 -0.718* 0.376 0.715*
4 TN -0.414 -0.148 -0.275 -0.370" 0.280 0.543
4T TP -0.282 -0.500 -0.529" -0.584* 0.606 * 0.539*
Al MR DOC -0.144 0.058 -0.107 -0.072 0.168 0.221
B A NH;-N 0.593" 0.047 0.668 * 0.522* -0.553" -0.558*
S A NO3-N 0.523* 0.027 0.531* 0.579 -0.407 -0.535"
AR aP -0.255 -0.642* -0.479 -0.672" 0.596 " 0.607 *

* P<0.05, * * P<0.01,n=12

3 iTFig

3.1 FBRASINRS TRk AT R Y R

C.; BEE FE IR ) A AE AT AIE, 15 Fang 4500 AU FT 25 R — 850, X2 1 T HEE 0 50 h 5 o gk o B2
PR LTS 0/, MG A AR T 36 L & 4 358 7 o B 5 3 0, B0 00 LB R TR BEAR Y
ASCRY N B E 5 C,, 35X Jussy 557 ISR, NI TAZ A b 2 e A i KA
TSI ZREE S8 ¢ FRAR. SCrh PRI 4 €, R B 2, SR B RO AE PR BRI 1) S Ay
ARARHBIX S PR A EERAWRAC S XS ¢, B RO,

N ARE R ] Ry, W0 H] N, (] 2) 35X 5 Holst 1Y (RFFE 45 R —B0, Turner 57 48 76 U AN
ARG SNE N S AR N, AMHVER, FOA N AR 52U, 3 SR R MBUE W R
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