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phosphorus (P) requirements of soil microbes. Although the impacts of litter amount alteration on soil nutrient in forest
ecosystem have been extensively reported, the elucidation of soil ecoenzymatic stoichiometry related to soil nutrient remains
limited. In this study, a field litter manipulation experiment was established in a Chinese fir ( Cunninghamia lanceolata)
plantation in subtropical China using a randomized block method with three treatments as follows; litter addition (LA),
litter removal (LR) and control ( CK). The variations in soil hydrolytic enzyme activity ( B-glucosidase enzyme (BG),
cellulase (CB), B-N-acetylglucosaminidase (NAG) , leucine aminopeptidase ( LAP), and acid phosphatase (AP)) and
soil properties among the three treatments were investigated and the response pattern of soil nutrient to LA and LR
treatments was revealed. The results showed that LR reduced all soil enzyme activities in this study, soil moisture content
(SMC), soil organic carbon (SOC), total nitrogen (TN) , total phosphorous (TP) , and mineral nitrogen, while LA had
positive effects on the above variables. This result indicated that the variations of the five soil enzymes after litter
manipulation were mainly affected by the alteration in soil moisture and nutrient. Moreover, the values of In(BG+CB) :In
(AP) and In(NAG+LAP) :In(AP) of LR and CK were lower than the corresponding values (In(BG+CB) :In( AP)
(0.62) and In( NAG+LAP) :In( AP) (0.44)) at global scale respectively, which implied that subtropical Chinese fir
plantations were limited by phosphorus (P ). Additionally, the values of In( BG+CB) :In( AP) and In( NAG+LAP) .
In( AP) of LA were higher than the corresponding values at global scale, which indicates that P could be the vital factors in
driving soil stoichiometric connection with hydrolytic enzyme activities and the limitation of P was alleviated in LA. And the
SMC, SOC and mineral nitrogen content were positively correlated with soil enzymatic activity and ecoenzymatic
stoichiometry. Our results suggest that the ecoenzymatic stoichiometry can be used as an important indicator to characterize
the current soil nutrient availability. This study can provide scientific basis for soil nutrient management and sustainable

management of Chinese fir plantations in subtropical China.
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TUAVE YA AR X LR SN ORI SETT IR 122 | SR T A 181 9% 1y i A0 G Ao e 47 - 3 A= Wy A AR A X
B PR AR S AL S TR L AR R AL T A T IR AR ST

FA (Cunninghamia lanceolata ) Je:F% [ J7 e B 2 BB B A B . A2 AR BE A Rk 2 O AR A K
SR 1w v S W SR 0 T4 B Y A T RE T i SR e A R e R R R A R T g
B SERETE R LR A E AR AR AL  ENAR 25 A 27 T LG A B2 R TR 1A 7 2 A 0T 1 38 3% R B0 5 Wi £
WFFE D o AR X Il JURFF 5 PR 3k S % 0 9% i A ek g 1o 2 DA A 2 A 2 LI £ E R
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1.1 AL

TSR TVLVEAE 28 0 rh [ERF BE TR A R A (26°4452"N, 115°04" 13"E) |, i X b Ak 7 #4422
PRSABEIX, TR 7T 90, DU B MR 102m AR 30R 17.9°C AR R 280d , 4T 34 [ R 4 147 1mm,
JE U LTI el b3, ) B TR 2 A 2T CRD A DB SR A DA SR op AR 2 B R 1998 4FE A
TAMER AR AREIR, 2013 4ERZ AR T8 BN 13.6m, 48 11.4em , BRAE 76% , i 15a, 3516 75 B
JrIel B R 150 MR T HEARZ EEYFAE BT (Mlex pubescens) | ¥ % A (Adinandra millettii) 4583k ( Callicarpa
bodinieri) FIEHE T ( Gardenia jasminoides) %5
1.2 A5t

AREGRF 2013 4F 1 A VP9 & L B TR EMIIAZ AR N TR E 4 4 30 mx30 m Ffih
(FEHLIRIE B> 5m R T ) BREALHES , REASRE I 3 < 70 " 5030 (B < 1K 30m, 58 0.3m FIVRSE 1m, [§
RAE T TRI K 53 RS 53 028 45 38 5V LAY 1m0 [ R 22 o X 8 1R 22 ih DXCHRORE ) 23 #0184 4> 15mx 15m K
TP FERAFERLEY 4 £F )5 TR BENLLEHEAR T SE R 3 AU TE DAL HE AR 4 RERE A3 12 AS/NX, 34
P& AL RS R VA TS DIRE R (LR ) B N 2808 Ve W F A b 5 R DS I (LA ) B D23 B I I W A b
WCEE I PR P& B ST ITERE D7 5 6 BR(CK) - VR AU AT AL 3L, |y T AZ AR [R] i b Y, iz B ) V%
AP LR E P AL B R ST — U, CRAIE TV P A AR
1.3 FEACREE

2018 4 7 H FEBEA 15mx15m /NEEJT T« 27 BUAG 12 IO L, B S =M IUE 50emx50em Jrt%
WA )2 DL BB R S 12 43 TR A ¥ 50 IF DU 733 R B2 24 500g, 2 A TR H 348 N, B i i A vk
&R A Sem B9 LESTEIZITAR NI 3 A AR EE 0—5em,5—10 em 422 T3, FF48 12 SR L 0—
Sem 1 5—10 cm P4 )24 HIBGELAY 36 > LARIR G, U3 R £ 20 500g LI A TCIE B B4, idrinid
A VK & Al [ S a  KBR A MR R E T 20, ARG MR 2 mm FLAR Y 5805 5 20 PR o3, — 1
JBCZE 4°C PR DI FEAT 8 TR LR A I s PR AN AR, 73— 03 H AR XTI pH SOC (TN TP F243 & it
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1.4 FESHT
1.4.1 HIEEbER

148 pH {ER A pH 7HE (oK 1:2.5) s RIERTR & /K & (SMC) FHE F A E (105°C ,48h HE T 2 46
) ;SOC R i R B0 - 2 31 23 5 1 s TN R TP ] HCLO,-H, S0, 1 2, R FHIE SR S AT 2 . 1338k
B (NH,-N) FIfESZ(NOG-N) H 1mol/L KCL /E MG ( H W EL 1:10) ,7E 180 AR # L4k 2h &
FE SR S sh A Hr S e 2
1.4.2 T HEREETE

FHBECFRICHE Y 2 5 Fh -8/ ( BG .CB .NAG .LAP 1 AP) &£ | 4 1.5¢ #iff A 125 mL
(1) TR BN ZE P ( S50 mol/L) Hhifil £ HHERIF I, #F 96 fALAR A 200 wL (1 +HEEVER A 50 pL 1K)
(200 pmol/L) ¥ . 4 IALAR & T 20°C JRHE &4 R EFE 4 h, A FLHINA 10 pL 7 NaOH ¥ (1 mol/L) ,
HE 1 min 5, FHZIREBFFR Y ( SpectraMax M2, 32 [E) 7£ 365 nm [ & ,450 nm FAMZECIE, AR 8
AHE,
1.5 Fdssrth

AWFFE R SPSS 19.0 B A RUR 75 25531 ( Two-way ANOVA ) i /N i 1 25 53 (LSD) ¥: LA
[E) AL B 5 ANTR] 4 = 18] 5 B A g s vk A SR T b 2 it i EO A - AR B 25 S0, TSR H Pearson #H
KAy br L e A2 e 5 - e M B 2 (A A AE SC 1 , ZE A R CanocoS 3R A4 IFAT LA - SR Bl 15 74 4y
M 37 A% o, - JEFEAR AL ME T M C N P Je &R i LR AR S i T TUAR 73 F RDA(P < 0.05) ,In(BG+CB) .
In(NAG+LAP) 378 LR~ 11 i C:N;In(BG+CB) : In(AP) /R LML 73T i C.P;In(NAG+LAP)
In( AP) F/R HIERE LA T8 NP AREFSE A EITE 2 I 7E Origing.0 H5E k.,

2 HREHS

2.1 JATEY I IRIRS B A B AN ] A 22 A e A S5 B4 5 i)

AT AL RS SMC SOC . pH TP NH:-N Fl NO;-N A 500 3%, 1 2 %F pH Al TP 520K 5.2 %
AL B e 3 PR YR AL B )2 ) 32 BAE B 3 5 SMC  SOC TP NH;-N Fl NO;-N & (£ 1),
FEANIE] )2 5, P 9 TR 0 AN B Ak B A2 AR N MR - S B AR I A 2 iy 450 2 B — B0 AR f ke 34, BV LA
B, CK W2 LR A% (£ 2) . 5 CK HIHLA:, LA 3400 78 7E )2 .0—5em 12 M1 5—10em + )2 pH il SOC,
i LR % 3 /1 )2 pH Fl1 SOC B2 A3 (F£2) . # SMC Mis ,3 L2 EI N LR  SMC i Z R, ifi
LA X} SMC FIRUV A3 (e 2) . FEJERE )2 T, LA B850 T TP Al NH;-N A9 & (P<0.05) , 341 43 51~
28.44% %1 26.63% , 1 LR ffi TP NH;-N F1 NO;-N & & FEAI%, R 535908 17.43% ,23.88% 1 41.95% ; 5151
Y BT T RAT)Z TN S I AR (R 2) . £ 0—5Sem )2 LA ffi 58 TN 1 NO;-N & 43 51|38
JNT 14.86%%11 56.96% ; 1fii LR {fi +-3% TN ‘TP \NH;-N Fl NO;-N & #4353 F % T 33.49% .19.81% ,11.61% I
34.14% (3 2) ., 1£ 5—10cm T2 LR ffi +4d TN TP Hl NH]-N & f 44 5 B, B8 43518 11.90% ,20.00%
M 11.36%, 1fii LA NIff NO;-N S 8341 T 66.89% (% 2)

£ CK LR FI LA 1 “R[A] 428 SMC A1 NH;-N B3 SRR BUZ 5 T 0—5em 1 5—10em J2(P<0.05) ;111
SOC TN I NO;-N F iR L 2R RIS, TP & 5 7E LA il 20 iR (% 2) .

2.2 JAVEMIER DAL [ A0 B AN [A] 2 A SRR 0 B )

PRSP A BN+ 24 W 2E 520 AP BG .CB \NAG HI LAP Wi 1E, M7 WA S + )2 8 BAE X AP,
BG NAG il LAP F#i& M2 35 (£ 1) . 5 CK AHELER, LR (/58 52 19 BG .CB \NAG 1 LAP i £
AR (P<0.05) 7 LA U T 352 AP 161, 3418 R 16.18% . 5t 0—Sem + 21 5, LA 34T £33 CB
FNAG 36 M, 07 LR X 5 AT HIVER ;0—5em 582 AP BG FIl LAP 7K fff Bigs M B0 8 25 1 o
YA INIERLN , X LR JCRZM, 7E 5—10em )27, LA fiff BG .CB HI LAP i& M3 N, i LR 435I AP Al
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CB I PEREAR T 37.56% F145.36% . Hd% 3 A1 2 HIEBFGPE R B, 3 FiAbBE R A9 AP F1 BG 3R RN 0—
5cm Fl 5—10em + 2K T )Z (P<0.05) , H:H 0—S5em Fil 5—10em +JZH2Z %A B E . HAHN TE 3 Fhi
EYAEFET CB NAG A1 LAP 3 FhEGE T BE + 2 TR 38 i i E R (- 1)

F1 TEMAEWAEXNFRELER BEEREAZTELHBMONERTESH(F H)

Table 1 Two-way ANOVA of the effects of soil layer and litter treatment on different physicochemical properties, enzyme activity and
stoichiometric ratio ( F value)
AR IR P+ 2 A SRR bR x A+ 2
variation Treatment Layer Layer variation Treatment Layer Layer
SMC 14.80 """ 67.89 """ 3.18" AP 3217 291.01*** 3.637
pH 20.28 """ 1.24™ 2.74" BG 42.58 """ 1142.88 """ 3.53"
SOC 151.8"*" 500.89 """ 36.97 " CB 6.84"" 62.18""* 1.23"™
TN 2.86"™ 57.10"*" 1.39" NAG 56.69 """ 892.36 """ 21.55""
TP 28.25**F 1.43™ 3.047 LAP 30.10 " 813.20 """ 10.73**
NH}-N 18.27*** 107.19*** 6.35""" In(BG+CB) :In(NAG+LAP) 2.21™ 21.55*"* 3.95"
NO3-N 61.98""" 462.24 """ 16.62 """ In(BG+CB) :In( AP) 1.33™ 202.31"** 11.33"**
C/N 19.94 %% 6.43""" 6.60 " In(NAG+LAP) :In( AP) 1.38™ 190.56 *** 3.64"
C/P 13.25*** 146.88 *** 592"
N/P 0.23" 32,77 1.68™

SMC; +- 35 /K it Soil moisture content ; pH ; +IEERBHEE Soil pH;SOC ; +-YEAHLER Soil organic carbon; TN ; -4 5% Total nitrogen ; TP ; 44 &1
8 Total phosphorus; NH}-N: #Z5%( Ammonium nitrogen; NO3-N: fif & & Nitrate nitrogen; C/N: #%%( Lt Carbon ; nitrogen ratio; C/P ; i85 b Carbon ;
phosphorus ratio; N/P; Z B Lt Nitrogen ; phosphorus ratio; AP : i ' # 2 l# Acid phosphatase ; BG ; B-# % B 17 i B-glucosidase; CB: 2 2T 4k 2 fif§
Cellobioside ; LAP : 5% Z(H2 3 JIK il Leucine aminopeptidase ; NAG ; . [t % %] Bt 1 i B-N-acetyl-glucosaminidase ; In (BG+CB) : In( NAG+LAP) /R +
AL 2R C:N;In(BG+CB) :In( AP) F7R TIEEEL 24 1HH& C.P;In(NAG+LAP) :In( AP) 7R T ML 223+ N. P, ™ 4bBFE P>0.05 /KT 1
BIZFA R, « AHTE P<0.05 KF FRYBEMERE S «+ LPIFE P<0.01 /K BB BEIEE T =+« LbITE P<0.001 K BB B EIEER

®2 BABEVFIMAMBBRIZANIRRELETHLERLERMHE

Table 2 Effects of litter addition and removal on soil physical and chemical properties under different soil layers in Chinese fir plantation

A +B2
f':z]ijmctcrs SoilE layers K LR LA
ki SMC/% R 23.40+1.00Aa 17.23+0.69Ab 21.45+1.22Aa
0—5cm 16.32+0.19Ba 13.0420.63Bb 16.43+0.10Ba
5—10cm 14.21+0.49Ba 12.40+0.08Bb 14.47+0.36Ba
pH JE R 5.05+0.08Ab 4.95+0.01Ab 5.21+0.06Aa
0—5cm 4.97+0.05Ab 4.99:0.00Ab 5.19£0.03Aa
5—10cm 5.07+0.04Ab 4.99+0.01Ab 5.17£0.01Aa
HHLK SOC/ (g/kg) JE 5 )2 37.02+1.80Ab 34.07+0.92Ab 64.93+0.88Aa
0—5cm 25.88+1.25Bb 22.65+1.46Bb 32.78+1.02Ba
5—10cm 12.04+0.39Ch 11.96+0.28Ch 18.56+0.27Ca
S5 TN/ (g/kg) JE T2 2.48+0.04Aa 2.43+0.16Aa 2.55+0.08Aa
0—5em 2.18+0.29Bb 1.45+0.30Bc 2.31+0.23Ba
5—10cm 0.84+0.02Ca 0.74+0.05Ch 0.85+0.03Ca
£ TP/ (g/kg) JE A R )2 1.19+0.05Ab 0.99+0.04Ac 1.40+0.04Aa
0—5cm 1.12+0.05Aa 0.95+0.05Ab 1.25+0.10Ba
5—10cm 1.00+0.04Aa 0.86+0.09Ab 1.09+0.07Ca
BASA NHG-N/ (mg/kg)  JEFE T 16.71£1.07Ab 12.72+0.59Ac¢ 21.16+1.21Aa
0—5cm 10.42£0.96Ba 9.21+0.04Bb 11.21£0.30Ba
5—10cm 7.92+0.30Ba 7.02+0.18Bb 8.09+0.38Ba
THASZA NO3-N/(mg/kg)  JETE T 16.25+0.92Aa 9.95+0.51Ab 16.95+0.48Aa
0—5cm 5.39+0.58Bb 3.55+0.20Bc¢ 8.46+0.17Ba
5—10cm 1.59+0.05Ch 1.32+0.17Ch 2.59+0.03Ca

CK: V&Y PR 8 (X IR) Control ; LR ; FATEMIF bR Litter removal ; LA ; JHYE# RN Litter addition ; AN [/ K E T A R [ — b B R RIRE )22

)9 28 50, AN TR) /NG S g R ] — 2 PO ) b 3 22 ) ) 22 S
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FRHERERREG AP P-HEREEE BG
Acid phosphatase/(nmol g' h™!) p-glucosidase/(nmol g™' h™h)
0 160 320 480 640 0 25 50 75 100

TR B IR Ab+ T BRI Aa

! Aa
Bb Bb
0—5 Bab 0—5 Bab
Ba Ba
b Bb
5—10 Ba 5—10 Bb
Ba Ba

JLF 4 CB BRI RS NAG
Cellobioside/(nmol g h™") B-N-acetylglucosaminidase/(nmol g h™!)
0 7 14 21 28 0 15 30 45 60
RS 5% /54— Aa S5 I 4 Aa

'—l—'Aa + Aa

Be Be
i
Ba Ba
C Cb
5—10 Cb 5—10 %Cb
Ca Ca

Q

+ )2 Soil layers/cm
[
N
&

o
b

T ERELKEE LAP
Leucine aminopeptidase/(nmol g h™")
0 4 8 12 16
Ab
BB 2 Aa
A
2 N AHEDREGHR)
Bb TAE R
0—5 Bab 1 %R
Ba

Cb
5—10 Cab
Ca
1 FEMARMFABERAEI AR E L ER KGR
Fig.1 Effects of litter addition and removal treatment on soil hydrolytic enzymes in different soil layers

CK. & Y1528 (XFH8) Control ; LR ; A 7% W #45% Litter removal ; LA ; 878 ¥ %N Litter addition , Humus layer: JEBE 2 (A KR E F R A —
AL BRI BE 12 2 ) 4 22 50, AN R)/NG R R — 2 R [RS8 2 [l 22 57 AP PR PEBE TR} Acid phosphatase ; BG - B-7 43 1 11
fift B-glucosidase ; CB ; - £F 4 2} Cellobioside ; NAG ; Z Bt 7 44 HeW 1 fiE B-N-acetyl-glucosaminidase ; LAP ; 25 & B2 3£ Ik Leucine aminopeptidase

2.3 FVEYI IR BR AL BEXT R R] 4 2 SR A3 B M A 2R T FE AR

TR XS L HEFR S RS A A T e LS e B3 VR WAL B X C/N F C/P Bs2 I 2  E 1AE E.
YE B3 520 C/N .C/P MG A2 R b (2 1) o LR ¥6hn 7 JE 5 B2 09 N/P i LA PR E 54 B2 N/P,
FIRBARE N T 3 4 4)2 C/N.C/P, 5 CK MIHES, LA @5 5UZ A1 0—Sem 32 In(BG+CB) ;In( NAG+
LAP) 25108/ T 10.00% F117.60% , 75 /b LR FER T 0—5cm +3E)Z ) In(NAG+LAP) :In( AP) F15—10cm +
)29 In(BG+CB) :In( AP) .

16 3 RS WAL B C/P N/P Fl In (NAG+LAP) ; In (AP ) 3 i - 2 18 3 B9 384 40 10 B ARG, T In ( BG+
CB) :In(NAG+LAP) #l In( BG+CB) :In( AP) WIZRI K JEF 54 )2 5 F 0—Sem Ml 5—10em )2 (3 3) .
2.4 T HEARYE TS - SR A B M SO A L AR DG ST

T KRR E S TIEIAET I F RDA 25 R 0K 55— ARl (RD1) A28 —FRifEdh (RD2) 43 90 fif K i
fitf A5 B (1Y) 92.17% M1 3.36% ; Hoh + /K fi i BG .CB NAG . LAP il AP fiyi% %5 SMC ,SOC \NH}-N NO;-N .C/
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P TN H1 N/P 50 i 2 A TEAHSE (P<0.01) | 15 +3% pH TP F11 C/N LR FMAE(K 2) .

R3 FAEDAIMABRAENAELENTEFRSMELEITELHZIE

Table 3 Effects of litter addition and removal treatment on the stoichiometric ratio of soil enzymes in different soil layers

ikt C/N JEE5H T 15.90+0.17Ab 14.76+1.23Ab 25.52+0.32Aa
0—s5 15.03+2.05Ab 16.62+3.44Ab 24.44+1.32Aa
5—10 14.58+0.80Ab 16.45+0.81Ab 22.01+0.82Aa
w1t C/P JE B I 34.92+1.49Ab 34.29+2.51Ab 46.69+0.94Aa
0—s5 24.51+0.73Bb 23.56+1.16Bb 26.34+2.91Ba
5—10 14.01£0.42Ch 13.99+2.80Ch 17.42£0.33Ca
AW N/P JE5H T 2.23+0.07Ab 2.45+0.07Aa 1.83+0.03Ac
0—s5 2.09+0.36Ba 1.69+0.34Ba 1.78+0.37Ba
5—10 0.84+0.05Ca 0.86+0.10Ca 0.79+0.02Ca
In(BG+CB) :In( NAG+LAP) JE B )2 1.70+0.05Ab 1.65+0.12Ab 1.87+0.09Aa
0—s5 1.25+0.02Bb 1.23+0.08Bb 1.47+0.01Ba
5—10 1.14+0.00Ba 1.13+0.03Ba 1.21£0.02Ba
In(BG+CB) :In( AP) JE B R )2 0.73+0.00Aa 0.72+0.02Aa 0.73+0.01Aa
0—s5 0.58+0.01Bb 0.55+0.01Bb 0.62+0.00Ba
5—10 0.54£0.01Bb 0.53+0.02Bb 0.61+0.02Ba
In(NAG+LAP) : In(AP) JE 5z 0.64+0.00Aa 0.60+0.01Aa 0.64+0.00Aa
0—s5 0.46+0.01Ba 0.37+0.02Bb 0.50+0.00Ba
5—10 0.32+0.01Ca 0.32+0.01Ba 0.33+0.02Ca

C/N % Lt Carbon : nitrogen ratio; C/P . % L& Carbon : phosphorus ratio ; N/P ; &8 LU Nitrogen ; phosphorus ratio;In( BG+CB) :In( NAG+LAP) %
7R IR C.N;In( BG+CB) :In( AP) 32758 T3 {2114 C.P;In( NAG+LAP) ;. In( AP) /R TR L =11 N. P R RIKE TRk R [
— b PR R 4 )2 Z ) 8 22 Ve, AN TRl/ING SE R IR [R]— 2 HrOAS TR A 2 ] 1 22 S

14 SOC TN, NH;-N NO;-N SMC, C/P F1 N/P 5 A4z 25 Wl i 4 71 & e 645 In (BG+CB) : In (AP) #il
In(NAG+LAP) :In( AP) Y2 B ZHAHX i 5 In(BG+CB) : In( NAG+LAP) & B E IF4HE ,{H&Z In(BG+CB) ;
In(NAG+LAP) In(BG+CB) ;:In( AP) Fl In( NAG+LAP) :In( AP) 5+ TP pH H1 C/N [6) JC4e 127 b AYAH I

(#£4),

F4 TEBUMRSES LEBEEAFITELNEXNE

Table 4 Correlation between soil physicochemical properties and soil enzyme activity stoichiometric ratio

A Parameters

In(BG+CB) :In( NAG+LAP)

In(BG+CB) : In( AP)

In(NAG+LAP) :In( AP)

A HL#K SOC -0.755*"* 0.746** 0.810***
MA TN -0.725*** 0.815*** 0.838***
K TP -0.069™ -0.006™ 0.115™

B A NHS-N -0.732*** 0.761 *** 0.807 ***
A A NO3-N -0.767 *** 0.821*** 0.842%**
K SMC -0.674 " 0.737*** 0.778 ***
pH -0.195™ 0.011™ 0.069"™

AL C/N -0.090" -0.020™ 0.085™

Wk Lt C/P -0.762 *** 0.822*** 0.867 ***
AW L N/P -0.597 *** 0.733*** 0.765 ***

nsEFRTE P>0.05 /KF B2 AR « ALBAE P<0.05 /KF LR BEMEZESE; « = AL BIAE P<0.01 KF LAY RIS« KLBAE P<

0.001 K- | 1) @ k25 5
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Fig.2 Correlation between soil physical and chemical properties and soil hydrolytic enzyme activity
SMC ; 45 K& Soil moisture content; pH ; TIEFRHKE Soil pH;SOC: T-3EFH HLEK Soil organic carbon; TN ; 13 &% Total nitrogen ; TP . 4- 3 &1
i Total phosphorus; NH} -N: % 2% % Ammonium nitrogen; NO3-N . fif &% Z( Nitrate nitrogen; C/N: % % Lt Carbon: nitrogen ratio; C/P . ik B Lt
Carbon ; phosphorus ratio; N/P : Z#% Lt Nitrogen : phosphorus ratio, AP :FRHEBEFRHEF Acid phosphatase ; BG . 3-8 % Bl 11 i B-glucosidase ; CB ; - £F 4
i} Cellobioside ; LAP ; 2% Z iR 2L /I Leucine aminopeptidase ; NAG ; Z. T3 %4 He i 4 il B-N-acetyl-glucosaminidase

3 e

3.1 PV IS [ A BG4 18 AR o R Il A 1 5 i)

A KRR E A PO R i P M SRR ) () AE bR, LS PR A e I B R i SR A I RO
ARG A IRYE T Py i A 2 0 A0 2 X S G A2 R O TR - S G 4 7 AR 0 2 g, SR (1) R[], AR
LRI LR B FEAE T 3 AP BG .CB NAG M1 LAP Jiff 1975 M, % 45 5 5 RO 75 v k1200 R4 7% i 44 4
AR RS RAE L TAR S RN AR B 95 MRS B 06 0 9% 205 SR — 0, X BE 5T R, LR i i BR i +
S S A o b R R AT S5 7 JE A0 %) A 107 A 81 42 - S e A 0 ) A I e (e SR ) TR R AR AR 0P AR AR
WRARNT AR LSRR S LR W85 T A4 & R G0 L %2 Il B2 ) (FAR 30 i L A iiF 58 45 SR e
- HEFE A = AT BE S R EIE P 53 D B 22 M4 M A AR PR 1) 14 77 43 R TR A ME P AN B A AR A K TR AR HIFSE
i, 5 CK AHLE, LR AR5 135 SOC & S /DA W2, I A RIEAIUE P 53 0h B 22 0 LA, (0 LA A0 BR S 9 £
HE SOC ‘B4, i LA S M5 3 SOC & S IEAH G, 1 IEEETE MEAE LA AbBR T R B B & AR 2R 1E T,
VERH T LA n]AEil i H2 5 SOC [ fiy A I A2 i 330 A W 0 A K RN, e X S 8 s v R = Y L (H
LR Ab 35 AT BE e A8 HAth 572 43 A0 i A% e 2B s v

Ak A=Wy PR 2 A i A SR A A RS ] B R B A TR Y L RIS R, LR BRAR T SMC,
T SMC 5 13/ ( AP BG .CB NAG I LAP) it 2 b B35 IEAH 6 R X SHPESE inFse s B —8, £
Bl LR FEAC SRS PR T RE S H A A ¢, s LR {8 1 5 85 i AR, 08 7% 4 B iR AR 7K D RE 198 55
AIREMRAE LK A28 %, SRS KRR AREA PR O AR KT 55 & BR, SMC [ AIK T BE 255 1
JE AN IR (D BOE R | B R T B W A W RS A R DY T (Rl ] T RS, B
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A AR PR BRI AR BRI SY & B SMC AT 3R R R ML AR R IT I SMC 5+ g (L R [/ 17
e M IEA O R, AR F S HEDN LR 7] 6838 A3 B I 3% SMC SR Pl -4 N 190 (b il BRI 20 &
15, RDA Z0Mrat iR B S AR AS A S NAG A1 LAP [RfE7E i E I IEAH R 2 LIAERFSE & B NAG Al
LAP Bigi5 PR JCHLE S g 00 ik R WIAE LR KB AT i 2 % L3 2 S AR S AU 1 i
I Zfii 58 NAG F1 LAP BTG TR RRA, AR, LA Ab PR 538 0 T 38 0 & i DA S R v,
F RIS 75 AT R B LA X I i e LV R L A IR — I AR R TR S PR U
WA N AL B T4 -3 BG AN NAG 138N T S0 LA KhBEXT SRR P A0 52 00 52 MR SR s i, LA
AR FE AR, mT R P A BE (48 ¢ N P S53R500R ) 5 IS M AR SE Y XA RE R A
PREDE IS T 4 C R N 75 5 DA SR W B 1 TG MR 7 AR e ARFSE R B, LA Ab PR
WEREIN T 38 SOC TN \NH;-N NO;-N 7 &, 1M - K B 15 PE 5 SOC TN NH;-N \NO;-N & it [a] S %
BE MG A R S TR IR 5 Y o 45 R — 2, ARSIk LA A PR T - 30K i Bl 15 v T i 5 +
8 SOC TN A RLA S B INA G, T3 CoN.P 325k d it LR A it 3 BT AR ROl i FE 248 7R
0 AR H BE R A AR AR Y AT & PR TE s Al 1 56 SOC FR 4 R, Mk il
C/N 5 C/P {Es8 .,

ARBFFE R JEFER)E N/P 76 LR A0 B b 53 3509 hn 17 LA Ab3 R AR, 45 R R WIEE R B2 LR 4b 3
T, BHERUEY) A7 PR, T LA AEE R R Y A2 B N BRI kRN R R B S AR
P (AR AR, VS PIEs In BE N 3 SOC F1 TP & & (B ATUAE TN, T DL S 80k Wyl F U N pdisb
PEMIZ %) N FRE, {HJE LR B R P KRR LA Kb R (0 N /K Bl v S Al 2 e e 24 2 90 g 3
ZE5E X SR (1) AFF, 3% 0] BESR: B Sk SUAE 43 00 1) R &1 P9 AFDGT 3 44 1T B (] B 32 - 308552 0 S AR RN A= )
AR G CZE A L RIS, J5 A T RE 5 S SR 0 DR Ik Bl A - SRR T £ R AR R AR G S ke + %
FEAPIRDL . S5 AN, LIRS PR R 12 IR S TR R AR X SRR e A R — K, T RE R R
by - ST AE R R AR T A (W SRR YRR ) A, B SRR R K IAHLE SR AR X BT i A A
TR AR R A AR, (R0 88 5 2 I TG P v B 2 BN, 4R o0 O BRI IR T [, 5%
AR e 5 SR A K A2 BB e - S TR PR BRI, ARHIF S ] S WA A2 AR N bR 3 o P4
AL —E S H IR,
3.2 JAIEYIIRINAIASBR AL B A AL R R

IR AT LR R R IR E Y SR PR A B AR SE & B, 7 LR A CK AL HE R 0—Sem
1 5—10cm + )2/ HIEFHE A In(BG+CB) :In(AP) A1 In( NAG+LAP) :In( AP) S/ T 28RN JF b+ HERgT
PEH In(BG+CB) :In( AP) (0.62) Fl In( NAG+LAP) :In( AP) (0.44) "8 B HH A2 A AN T Ak 0—10em + 2
TR 2 BRI, X 5 R 2 HF e 45 3 — 2, DAAEBIFGE 0 5 DA S $Hs FIE $A DX e AR S R Gk 7= 11
FERREIR TP AR, LA 4B A9 4 2 £ BRI YE L In (BG+CB) :In(AP) fil In(NAG+LAP) :In
(AP) #y7 FAHN 2Bk 251 i b, RIS D e — e F2 i LG 7 Haemb R, i K IR 75 % B
b FRPR A B VA IR D S 2R T R BR ] 1% 25 5 R IR T BE U R Bh A S AL A F AR
BRIP4 B AN WARRIFGE & P 357K 5 In(BG+CB) :In( NAG+LAP) [8]f77E i 3 1Y M 56 ¢
Z,1M5 In(NAG+LAP) :In( AP) MR IEAH KOG R | X F W - 58 5 /K i 19 2 5 2 i) 385090 N BRI, DA
SRS RS U L% N B NAG FI LAP [ | fe 2l + 330K i R B 06 e 5, %46 0 5 e o)
PIRFR S5 —3, AT R RS R 38K o0 A 2050 3 8 T 24 1 Al A 0 1 At N - S WILORC P il 1 A 25 e, DA 18
AR T HEASEEE AR ISR R I, 3 A E e T R AR AT SO A B B X € N AP 3R
(R FEARTFIE P IR & B+ In(BG+CB) In( AP) Al In( NAG+LAP) . In( AP) 5 SOC HIA A&
A A M IEAH OGO R, UL SOC A A0 &L & BN, e A (2 iF H R E Y & BUE 2109 C F1 N Kl
X5 Waring' ™ 56T 4504 %0 7753235 W i 2 4 37 43R 880 36 T e 2 ol A 00 s e Py 45 R — 350, t 5 7 it
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ST LB SOC W RESE: BRI - e R I A T U A B R TSR 25 S — 3, i T IR R AU e 1
B IR T - Sl Ak A 3 o L AT DL SRAE SR W0 3% 0 R BR FE AR BEFE 1, In (BG+CB) : In (AP) il
In(NAG+LAP) :In(AP) 543 C/P Fl N/P M i IEAH X, 1M In(BG+CB) :In( NAG+LAP) 5 -5 C/N [A]
TR, R\ T LR LA S R ORI e LA — B AR R X G A SCRFA R AR (2) —
FHHE Xu SRR SR A3, TRER R e IR R (A0 R K ) WA AL T R Y
SR T R SR Z TINGE T A A5 B AL A LR A L 2 TR AGER R

4 Lt

FARNTMAES RGP AP ARG B L C N P KRG VES5 X IRAL BRIBI A B 22 5.+
$E C NP K fif B PERE LRI RO INTR T FEAR SR 3 X2 AR N AR 332 P R i i 7 s e —
TEFRBE 2R T - HERERR AR B, P RS B N AR U i, T REIN R 1 - MEmiBh =, 1222 S AR Wi nl fiE
JEUR B A A S U R R A SCHE D 1, £ SMC (SOC FIA R4 2 5 I R 2l - Rl 0% 4 A kg
AR B A LU SRR 1, R W AR A S He TR DR SR AE 3 S AT IR 0 A AP IR DL EE 25 AR, At
TERARNT ARG EE B R b W R B K 7 SOC A LA WA B YA B, ASBIF ST 45 51 ] O SE ity 42
ARNTAR L HESR I BRI Tk 2 B R PR B BB ARE

Bt gt R B TR A 2 X B A TAE R HS Bl
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