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Abstract: Soil enzyme plays an important role in the biochemical processes of forest ecosystems, which can
quickly reflect the changes of soil environment (such as nutrient content and availability). Harvest residue is
an important source of forest soil nutrients, and its treatment methods will affect the nutrient content and a-
vailability of forest soil. In order to explore the effects of different harvest residue treatments on soil enzymes
activities, harvest residue was managed in the following ways, i.e., residue retained (RR), residue removed
(R) and residue burnt (RB) after cutting a 40-year-old mature Chinese fir forest in Sanming City, Fujian,
and six soil extracellular enzymes activities in 0 — 10 and 10 — 20 cm soil layers were studied. The results
showed that: (1) After 4 years of harvest residue treatment, compared with RR treatment, the contents of
dissolved organic carbon (DOC), dissolved organic nitrogen (DON), inorganic nitrogen (IN) and NO; —N
in RB and R treatments decreased significantly. Further, the decrease of NO;  —N content under RB treat-
ment was significantly higher than that of R treatment, decreased by 88% and 51% for 0—10 and 10—20 cm
soil layers respectively; (2) Compared with RR treatment, microbial biomass phosphorus (MBP) and carbon
(MBC) , and six soil enzymes activities, that were acid phosphatase (AP), 3— 1,4 — glucosidase (BG), Cellobio-
hydrolase (CBH), B— 1,4 — N — acetylglucosaminidase (NAG), Poly-phenol oxidase (PHO)., and Peroxidase
(PEO) of RB and R treatments decreased significantly. Also MBC and MBP contents in two soil layers under RB
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treatment were significantly lower than those of R treatment; (3) Redundancy analysis showed that soil enzymes ac-

tivities in the 0—10 cm layer were significantly correlated with soil MBP and MBC contents, and DON, NO;  —N

and MBC were the key factors affecting soil enzyme activities in the 10—20 cm layer. Therefore, the retention of

harvest residues is beneficial to the improvement of soil nutrients and enzyme activity, and it is an effective

management measure for the maintenance of soil fertility and the improvement of forest productivity.

Keywords: young Chinese fir; harvesting residues; soil enzyme activity; soil microbial biomass

SR AT 4 Ak B R DL B AR B 2, LA
BLAE KGR I R PR B R AR A W L A [ A B T 5
1 B SR AR A ) 6 bR b S 1) B 95 R L 5 A LT
i A A, DT T ) 4 5 e T A Y B Ak M
- S R IE T RUE Y AR R S o) R
e SR LA P 0 R B, AT RES S
R AT A2 0 1 53 it e AL S B AR F - B BIL BT 1) A 2K
W) 53 3% R G AL 78 447 AR bR 3T ) Oy Th 45
FROIERY . A O TR AR R A P Ak B X 1
it 195 P 1 W 25 RO A — 2, AR R IR
SR AR TR % 0 A3 445 8 il 5% 3 i R TR B Ak B
FEAR T 8l 1G M, Adamezyk 2B BF5E & B0, 4% B8
R AR TR A Wy 4G 0B L B — S A A B LB —
PR 2 R R R R R R A ) 9 M T B NI R R AR
A2 Wy BOX SE R 105 MR R R3] RE R TR
F 43 W0 B IR R B S BUIR M8 BT B, SR L Bk
FLIE S TE R B KBS R AR A ) A 75 1 S TR 1
P2 Tl % T e e R ST O T 2R R L K
I FH N 5 WP W R B IR B RAR T R
fd1 75 - 9 R M W R ity L B — ) 2 W T i L 4T 4 K K ik g
W PERE N Wy A AL TG M T R, XSRS 25 L ]
AE 2 PR DAy T 1 o R A1 38 A 00 A T A 38 75 = e
BT Z 00 R CAnAE B Y 7 IS T bR L AM 5%
1 SRR A W 1) B 37 93 A 45D B S BORY L (H BE R
AT BB TR AT A Wy Ak 3L () 5 0 CR 2 4 2 Ak
1~ 240 BT 8, PRI AR AF 58 78 2R (R R A Wy Ak 21 4 4
J5 COR B B R AT A W0 03 i 50 ) o T 5 1 S8 il 0% 12 1)
A e FERZ MR PR 1 ] LA I [i) RUBE BF 5 R AR
RYALFEXT - R FE 0, A2 A S TR A b X
TR T MRAR O S8 AR OR T A2 R R R T ALK
L ICRE R T AW S5 N G B 2B R L R T
SENE 3T B AZARMRAE 77 3 B AR L 7™ B 1 29 35 B Ak n]
FReL 2 B, IR I A SCAU 0 A A = IR TGS F AR
TRYTIX 40 ZARAMS R BB E K5 L 0 R AR R W)
HEATOREA I BR CROBE AL, ISR B A2 R 4R 4 AR
JEART A Z(0—10,10—20 cm) 43 A= ¥ 4 Wy i
Ko SR A B TIRAT R AR A R BBOAS [F)
A 317 3 M AZ AR 3 TR RO, S ] R 24 B
AMAES RG BRI E R

1 #Rt 5 )ik
1.1 WHRE#HRL

F 58 XA T o W AT L X, A = B AR S
R G0 5 2ERAE LA 5T B R EC RS UL A50) o M B AR B
26°09'N,117°28"E, J& T i 32 1l 7% i 3 ik b v , b T
DMK L Fe g R 3 390 35 320 m, B AR 604
m. 1% XIS WA R R AR, A 3
AT AR SR 19.5 C W EZE P E 738
A AFERREKE 1 700 mm,
1.2 RWiE it

2013 4F 11 A X 40 4F A 42 KR bRtk 47 & 1K
TBUE B RURS B o A b P ) R AR A i (i RS
W Kk BE (residue burnt, RB). i & (residue re-
moved, R) {4 (residue retained, RR) 3 Ffr A4S [a] &b
7 2 AR B ORAR T R VR o X B, B Ak B TR
K/NBEE R 15 mX 15 m. BEFp AL 3 A~FE A
WAL REAL X 4L HES (& 1), 2014 4F 1 7 Fhoke i = A
HWARAHIT Y 2 4R A2 KA H . 2018 4 7 AW IET A
B4 IR ST B BB 5 AN BURE S5, F 43 0—10,10—20
em TR IFATIORE . 7E % PR RE L 25 BR AT L0 A B
R UL K S R R 45 IR 4R LI RE R ol 2 . —
AR T R RS L RCE T 4 CC KA R AT
—HB AR AT 2 mm B 5 T A AR Ak
Fi A A

7
AR

15m
B1 R RE

1.3 TIEBAERETIEMEDEYENTE
48 pH ffi B {H #L pH 3+ (STARTER 300,

N




350 K AR FEAE AR

% 35 &

OHAUS, EFED#ATM E OK L 1H 2.5 = 1), L3
S BBk L B A H B A T E 2 1 A (Elementar-
Vario EL 11, Elementar, £ &) Il . & # R H
HCIO, — H, SO 7 fff » FH % 25 3 311 43 H7 1X (Skalar
sant 4 A 2O ME . LI AP LR ZH] 258 1K
OREH R 4 = DEFE 730 EA PR Hr{ (TOC—
VCPH/CPN, H ) Fli%E 2L 8 43 #1{X (Skalar san+ -+,
i Mg . LIRS A A ZEE 2 mol/L KC 4
OKEH 4+ D HES SN 3T (Skalar san+ -+, fif
2OME . WAEYAEY R ER AN EE K. S0, 2
PRI IR W A A SR BILBR 43 BT A (TOC—
VCPH/CPN. HA) I %E - (325 4y A 1 ek 5008 3 8

o AT A g . HE A W A Y e S R
K —NaHCO, ¥ #2351, i j & 28 3 80 40 B X
(Skalar san— 4, fif 2D M %E ,
1.4 TEEEENE

+ HERfTE P S IR Saiya-Cork 25 (1) J7 5 482 BURI 1%
I o PRI R A R PR A OC A A B K A il RN 4 AL
JHARTE B (MUB) VR A R W03 75 7K S il 376 1 1 L— — %
KNER (DOPA) RIEPIbR /R A AL IE 1 . WO AR E T
PRS2t 20 “CHE R 55 F% . - HEoK Al it A1 48016 It 70
GEE SR 4,18 hy H 2 U BB A5 {1 (SpctraMax M5, 3
] 0 2 7 ' BE R ik i) 5O BE AR . 4
B P AR S (AR AR R LR 1.

R1 TEBEEMOMEES KBEMAARY

it 4 Ijisg?]
i P T T e AP P—targeting hydrolytic 4— MUB— phosphate
B— 1 5 B 1Y BG C—targeting hydrolytic 4—MUB—3—D— glucoside
21 Yk KK figt Tl CBH C— targeting hydrolytic 4—MUB—B—D—cellobioside
B— N— & Bt % 5 ) ¥ 11 NAG N—targeting hydrolytic 4—MUB—N—acetyl—3—D—glucosaminide
Z 1y S AL Tl PHO C— targeting oxidase L—DOPA
i3 A Ak Y it PEO C— targeting oxidase L—DOPA

1.5 #HiEkE

B Excel 2016 4b I F SPSS 23.0 k{4
PEATSE 43 AT . Ab BBl 2 2 A) AR Bk 1 I
HIECE Y R Y i R RGN ) 2 R (P <
0.05) 5K JH B I 2 7 22 43 HF (one — way ANOVA) 43
M. AbFRS 4 22 0] % 28 AR R AU £ D7 22 4%
Br (two — way ANOVA) 73 #r. ffi Hl Canoco 5.0 #X
PF DL A o S AR W AR Y O R R R,
36 e 5 M AR g w1 A% i 31T 0 AR 43 A1 (Redundancy
Analysis, RDA) 7f# F Origin 9.0 B4 #1742 K .,
2 gR50r
2.1 AEALIE LB MR

AR 2 WA [F] Ak B 5 2O A2 R &y bk - 4 Y B
PR R AR (F 2), £ 0—10 cm )2 AR .
TR KPR AR SR A A PR £ pHL R L BAL
BASE L ETE 2SR B E (P>>0.05), {4 B4 Ak B g Al
PR DL T TE A DLA LA S A S &
T R KR AL B (P <0.05) , H AT v M BLIR
(77.73 mg/kg) 43 I 1 BR F KB AL B 1.4, 1.5
AT HLA (3.62 mg/kg) S 15 B A JCBE b B i
1.67,1.38 1% . EHLA (16.85 mg/kg) & 1H K Al J e ik
R 1.6,2.2 £ A A (9.40 mg/kg) 43 5 2 7 4 A
KOBEAL PRI 2.1, 8.2 . T W R AL R 5 KRR AR B
AR BLIK T A PR EHLR Z A
B2 5 (P=>0.05),

£ 10—20 em 21,3 FHALBER pH, 1] A HL
A VESAZEZR AN LE., RELMEM AR DAY

KB P [H] A G 3 0 22 53 (P <C0.05) , 55 ¥ Bk Ak 2L )
ZESANEE PR G B A B A vT A ALK T HL
R AHASER S W] WS T KRB (P<<0.05), K%
Qb B S e T AR B AL (P <C0.05) , 1 B A HEL
HAbP A b Z | 22 5 R B2 . SHFE I 200k
FH Ao 38T T O A LB L ATV A AL LA A
CRERTE 3 Tl =S O =R NI BT CE SRR = N
VETEA HLAA B E M (P <<0.05) , 4b B AN+ 2 X 7]
A VLA BB A B E NS EAEN.

22 AELELEMEMEDE

FE0—10 cm (19 4 2 v £ B3 FNIE B A0 B A 1 A
A Wy B R (538.95,453.66 mg/kg) i FH T kobs
AbBE A 0 KB AL FEAY 1.6, 1.35 % (P <C0.05) , f§
B Ah B ) A 0 A R (34.60 mg/ k) 43 R 1 R
BN 1.83,1.32 £, 7 10—20 cm T2, iF
o Ak 3 ) Ak 2B 0 A W B Wk (405,33 mg/ke) B T AA B
FJCBEAL R, A3 ) 2 L 1.09,1.49 1%, 14 B8 4k B A% 1%L
AW R (24.54 mg/ke) B 3E m T B A OB AL
LR 144, 1,67 £, T A B A AR TR
+ 245 Ab B ] 22 S5 R 3 (E 2)

FEAE R AL R TR )2 R A3 0— 10 em +
JEWCE A Y e R AR Y R S R B E A T
10—20 em F+JZ(P<C0.05) , MiA[F L2 W EY A Y&
AEREFARLE(P>0.05), 1ERER LY AL
AR 2 MY A R S A B R A
]+ 2 e ik A AR R A S B E R R
BEP>0.05), EREFRY KB T AR 12



1

b1l 2R R A L AN TR A TR PR TR A X T S R b L S A S A £ 5 ) 351

[ ol A 0 A 0 i L ol A 0 A i R B A W A
WSR2 SN R . WU ZR 5 22 73 B 22 WY Ak B i
AW Ay iR AR W R B B R, LR

AW A Y R R W AR B R R (P <
0.05) Ak A 4 J2 X5 folt £ 49y 26 W o0 Bl A 0 A

FUE Y R Y RS T R R SZ AR

F2 TRAREFAYALELEERBUMER

. 0-10 em 12 10-20 em 12 i 1B RECER
RR R RB RR R RB

pH 4.1740.15Aa 4,0740.04Aa 4,16£0.06Aa 4,13+0.17Aa 4,0940,01Aa 4,16+0.08Aa ns ns ns
Bt/ (g kg™ 19.09£2.97Aa 1892549142 17.1522.52Aa 15.9543.01Aa  14.31£3.86ABa  9.43+1.01Bb ns * ¥ ns
AEMA (mge g=')  77.73£8.55A0  55.0850.60Ba  51.56%6.53Ba 55.6310.86Ab  47.49%8.47Aa  20.5£3.38Bb R *
A/ (g k™) 1.4140.15Aa 1.3940.25Aa 1.3240.12Aa 1.33£0.11Aa 1.21+0.12ABa  1,03%0.06Bb ns * ns
MHBANE (mge g™ ") 362403240 217£010Ba  2.62+1.05Ba 0.73£0.12Ab  0.33£0.03Ab  0.7240.07Ab * % ns
THE/ (mg kg™ ) 16.85£2.81Aa  10.15+2.96Ba 8.3243.27Ba 15.25£1.27Aa  11.78%1.04Aa 7.2242.90Ba IR ns ns
YR/ (mgoke™ ) 7.45+0.87Aa 5.64+1,68Aa 7.18+2.90Aa 7.10-2.19Aa 7.71110.26Aa 6.383.12Aa ns ns ns
HER/(mge kg™ ) 9.40+1.96Aa  45242.12Ba 1.1540.42Ca 815429200 4.07£0.90Ba  0.8510.46Ca  * x ns ns
BE/(mgekg ') 165.8E8.43Ab  139.2£9.99Aa  155.4%15.96Aa  155.542470Aa  138.1£10.56Aa  126.3£11.62Aa ns ns *

)

MAEYEYER/ (ng « kg WEWEYEB/ (g « kg

BAEYEYEBR/ (ng * kg™

2.3

e R B T I AR 25 AT R R RS PR R AR Rl B ) 25 7 1 35 (P <<0.05) ;s AT A [/NG FH:R R AR L2 22 7 B E(P<
0.05); * % %, % % x pR|F/RK P<0.05,P<0.01,P<C0.001;ns F" P>0.05, K[,

750 r 0—10cm
10—2 Ab Bk
s00 | 0—20 cm T
_ A2 X + Bns
450 [ Ba
300
150
0
RB
kb HEns
50 L Zns
HE X+ Ens
40 -
30 | F
20
10
0
RB
40 I
+ Bxx
s0 | A3 X + Bns
20 |
10
0

HEME LR KRS FRRRANF A EZE R BEP<
0.05) s AN [F/NE FHE R R A 6] £ )2 8 22 5 8 3% (P<<0.05),

TR

B2 ARLEBAXLERENEYE

N[E 422 + SRR

MIE 3 ATLAE . 7E 0—10 em + 2 H1, BREF4ER

K St T PR A1 R B A B O TR A R N L B — A WY
Bt B — N — & ok 2 5 7 25 17 1 L ook STk 7 L 1 4L AE
il % P W 2 TS R L OB A 3 (P <<0.05) , R B Ab
B 55 KO8 Ab B 2T 4 R K RO M TS R AL B
(P<C0.05), PR EAALFFN KGR B— N — £ ok 24 K&
T 2 T 0 R o AR S M 22 FOR L3 (P >0.05)
£ 10—20 cm {12, AN [A] 4 31X -+ S5 i 0% 1 11 52
Me A58 /0N o O B Ah B B — 7 A W R R Sk R Ak T O
W TR KPR B, AL FE R A 2 X 6 B A
Fif G A A W3 YR (P <<0.01), AbFEFI 4 E 38
AR FHXE R W IR L B — A W I L 2 2 2 K R
it o 4 A il 0% A 1) 5 ) 8 2
24 TEMEMAZMEZR

X AR A FE TR 0—10,10—20 cm + J2 I
PEATTCARAT AT, B - HE B AL M T 3 E Ak
VBRI BE A R A it , 3 B S VAR e B AR i, R4y
B e ERSTEREL T 4 A PRI R VR R Al R 4t

B4 AT DR BRI BR L KO A AT B A I 2R
J5 R [A] R AR TR 4 o 4k By 5O = M il 0 M A
A BEHW, f/£0—10 cm 2,55 1 fhim R
TSR 67.06 20,55 2 BB T AR Y 21.85% 3k
fERE T IR E AR SRR 88.91% . UZEWAEY
(P =0.002) AW AE Y &k (P =0.032) X £
ST T T 0 ) e . v oA W A g e 1 VE
W AR B T b S s AR A 57.3% ., 7
10—20 em W )2 55 1 BhffRE T A8 5119 79.63 %,
o2 WIARRE T AR RN 7.16 %0, JLfR R T L HERGIE M AR
SRR 86.79% , Al E A LA (P =0.018) i &
A (P=0.002) . AEWAY) & A (P =0.028) Xf + 1
{18 Tl 3% 5 i e R, v R T A WL R Bk
WY, R T SRS AR AR Y 50,404,



352 KPR 2= R %35 %

500 75 r

o Aa 0—10 cm A 0—l0em  fpaee:
. FZ=5]  10—20 cm N i 10—20 cm =
T 400 + F oy 00 REEE X -t Ernn
§3oo - g 45 |
g g
Z L ~ B
B 200 E 30
§100 - m 15
Eul i
% 0 1 1 @ 0 1
RR R A
b B
~ 20 r 20 B
o 0—10cm g -
. EEE] 10—20cm Aa #o 10—20 cm W7 X & Ens
w15 | [ Rb FE % 15 F
'.6' e "
X 5 =
E 10 . = o 10 F
g WS
] &= £
¥ 5t ge st
% .
e z
ﬁé 0 1 1 <=} 0 1 |
ooy RR R RB RB
it B
~ 6 40 *okok
4 Aa 0—10cm A = AL B
Tt ] 10—20cm L2+ : R
< KhFE X L s 50 463 X £ Jzins
on 30 F
=40 E
g | E |
§ 3 220
&2 g
=) ) 10
g1y
& &
0 1 | ﬂ 0 ]
RR RR
B3 AELEFXLEHBEYE
S F H S F T
= A : o RR - i o
AR :
x RB
MBC PHO
s o
0 N
< <
S s
o o
&® &
! PHO
: CBH | DON:50.4%; F=7.1; P=0.018
: MBP:57.3%; F=9.4; P=0.002 X 1NO,:28.4%; F=8.0; P=0.002
< x i} MBP:10.9%; F=3.6; P=0.032 = i MBC:6.8%; F=3.7; P=0.028
+ h i ' - kb i .
-1.0 1.0 -1.0 1.0
#1(67.06%) H1(79.63%)
B4 AEAREKFEDLENTEBEIEZWHTRIFT
3 i AT A LR JE ML S R MR AT, 3
30 ARREREFEYMITEEHALGHK L IEEL Ji ERL AT B 2 it ok Ak L5 v 6 2k 0 1 4 A 5 A A b
4 R B9 22 i T HERIZAEVLRIE, 3 H i T R EE . %

5Ok B AL BAR L VE B OB BT A LG . T A S T R A e U VA T R R AR R A



5013

2R R A L AN TR A TR PR TR A X T S R b L S A S A £ 5 ) 353

WYy hb B — 5 T8 23 R AR T R ) 5 SR o s R,
Iy —J7 T K B S 1 2 AR R () A A 23 TR ) 3 SR 4 UL
Je 51 F Wk, Morris™ Y BF5E & B 45 B SR AR ) 4
W8 A M v n] s A LT A e S R SR T
AW ARG A AE L 35 T A BLJZ v i e 25 AR
BEWRE X S5AB SR —. AU T . REM
SR AR T A% Ak BT A A BV B R R 22 R
X5 EA A 7T 45 2K L, Smolander %1 B 5T
R, RS AN R AR A Wy Ak B L A
TR A i A SRR T A ALZE T
A& Kumaraswamy 25 B98I0 0, SRR T 459
Xt e R B S RN K, R Z AR s £
B oy MUEA L RAEFI R IR MmN R E, X
AJ e LS A B ST AN [8] 2R ARl 4 W Ak 4 )k L AL
BB ZHZERANREFWIRE, 55— 5w ] g8 & K
SR M FAGH 4 98 0 Ml L K ISR A A A AL AT
b0 JE) 7 1 3 BR ol T S ) Ak By 5 = e e
WS R Y AR A T R T BR Rtk
Tl 45 X TR MR R B B e LR R L KOk
BB P B S ARG
32 ARLEREFEYIEEL KRG K L ERME

X R—g: kA

- e A W AE A ) Bk AL 2E 6 2R R R 3
POVE T S 3 BLT o i 55 00 SR RV Ak i 3l
A AR R A DR S ke - 3 5% 43 L JE LR
i 028 Ak Hy T AT B R R AR M v 1 R R A
POAE 3R b R4 R AE DY AR R
B, SR AR T 4 0 O BRI oA A 38 0% B 0 A e
AR W A B o S TR AL B FLOR R AL PR
Tl 2B A i W S R T R A R X R AR PR AR
TR A R T RUED AP RN, X 5 Prieto—
Fernandez Z&/" W HF 5T 45 B AL, 77 A4 X — &5 3 7] fig
4 Ji PR R AR T AR ) HEAT T O U B AR B A R
T HEAEE KA AR AL A AR W R B R A Ak
JE N PR AR A AR T AN TR e Y 5y — T R R
Tl A Wy 7 o (A5 MK A3 IR R B AR Ak L B 2
FL A B TR AT A ) O BE A 1 4 B e BURN AE
A B RUER KRR T HE AR W i 4L R
T PR A 7 AR A 0 A O e A I 2% TR0 A T o A 8
FAN BTN PR TE YWD W T IR Ay B A A
YA RAL T IRRE AL, BE b, Certini 251 HF 5T
KL TR AR SR A Y R T KGR 12 AR
[E] A" B &2 3] KBS T K - . Barreiro %570 15 Hi AH
TLZE I o KRR A 1 O A T B 97 TR R T
A ) A R R P KT B A I ] Y HE RS A RE B
WA, BRI, Tormanen 2520 SHIBEL 2 42 4 T 1

FIARHME 9 BT 7 A B, £ B A A ) {6 45 Bl A Wy A2 W i
Bk AR W A R T R R TR SR (R AR )
e T A A R UG P (A5 S AR 4 A T O R
AT R B A R AR A% o B A B T
MR SRR W W i R R D L R RE SN TR AR,
TR A% 0 14 3 i T JRE A DRAT O 680 v 4=l R o T ]
AE 2 fhe 7 SR AR 2 Wy S DR 23 A L X R A 0 A
CALEIN RS
33 AEAAERER KM EEL AR H L EEHEF

T R MR

TR AR A S R G IR IR PR A A
IV s SR 05 A 2> Bl A % 4 1 8k B A = A AR, A
e Ack 2 57 X532 Wi SR A3 2 00 ) i A5 A 3 T A 74
SR R R A AR A SRR T PR B 2 K A AR 1Y
AL . AT R B AL B b SR W PR B — A
W T 2T 4 2K AR I B — N — £ Tk 22 ik i 4 1 il
TP T RS RN B A B, 3 55 WALV S5 & SR L
Jv - BN fife Tl 5 R IR B B ST R AL X AT RE R
P D K g — 5 T b T AT LSRR A L 55— 5 KB R
e S RE T v 5 RS 0 R A W AU T DA 1 ] -
k. PR B R OO A W (45 1 e I P T A 2
P ik B 3 AT R SR PO A 0 ) 0 A R A E R A R
RO RAF AR A M T RUE R K BUEY)
P I A R 9 BB, AT B2 ey O L X5 SR
SEIOPTEA R — B NI BR AL B A 2R A SR
Wb A ESR R A HL R AR S EURYI Y
AR Dok /0 3 T A8 e S8 Bl 2 W ) 5 2D S AN A
TR R G P A . AR ST R OR AR B R A
Fily Iy AP P T T R R IR Ak L X P A R
PR 1) ik 1 B 9T B B T AR R S AN A AN B E
O TSR g B A 0 A B9 AT R TR A A R
T A 0 Bl P R A O AT OGS B A W A v AL ALY
7R A A A T P R T e e i S A B I
FU K A 60 2 B R gl A 3 o X AR JB 2R R IS Y
e fifp LA A B ORI L M A A 40 119 A K R ik 5
Gr o SR, XRS5 A BT R B K OBE e M i 1 4
AT 0 2o 4P il % P 2 T L X D O KRR S
ST VB 5 e AR L Tl W R e R A A R o
WP EALHE . H AT R AT TS I a5 R A — 2 K
Hh B DR AT R R F TR PR | 5 R R A B[]
A 22 5 3 Y
34 FWMiHEEEEMEER

Sl I 1 X ] R B 5 Y 2 Al T LA PR Y
M 137 5 FT A [ 9 A 25 28 48 DA BSOS T) | e 2 5 2 1
GRS R A OGBS TR] . e
RAE NS REY R A CHCR A B A S



354 K AR FEAE AR

% 35 &

RO UIReh KA EE AR R T R
T A OB TR 2R . AW 58 A B ol A W A W L R
YA YRR SE IR B 0— 10 em 4 )2 + S M & A AE
PR SRR 7 TR PR AL NS A A Y A Y i
B2 10—20 em  J= A R G 1k S A2 AR A0 Y O B I
T R AR Y R A 2 K Sl 2 A R L S M
R ELA T, X AT RE DR O 1 f B AR BT SR AR AR
Y v o figp A1 A i A M 08 TP A A LA R RS 0, O
NAEYRA T FE RIS . BeAh PR B A B T
b2 A o AT A AR PR AT O S T D
R LR R B B . SR 2 AT LU,
RN R SR H TR 4% Wy Ak B 4 398 T 9 M A L
R i AR 30T BE S B b B A B B Bl
FRr s A AT ) I s A0 o SRR I PR AR . X
SRR A W 1) 25 BRI e b B (75 i A S 1 37 )
AR JE R AT R R B AE SR A B D IS BLE
Tl A 0 A e 25 5 DR R0 2 ) B O R A 2
TR . R 2 W R DX, TEHLBEAR 2 2 ik 40
[ 52 L AR W A W i W T LU S B R s R 2
b X T A SR HEAT A FE L R X AT
LA 8 A 2 0y £ 9 o Tl K 30 I A ) SRR TN 1
R A KT BB FR TR R AR AR 1Y
A BRAL B2 Uk 1 25 2R G A ORI [ E L A
MRS A R RO R B A R . RO
B A2 AR AIARBOIK AT AR L g A W 9 A AR R Y
FU T T R & . AP AL A S L B
AW AR S IR B 10— 20 em )2 4 BERGTE P & A
AL SR T RN AR R SR B
HH I B 8 B 5 - S TC AL 20K - B4 386 T 34 40 Bowles
SR A I o 5 BT PR G I £ S A T B TE LR
M) P 3 %0 18 o0 T s BT A 2 AT R R IR ) Tl
AR EENRZ —. LIRS T E A LA
4 B 2578 A B VAT G, AT PR A HLRUR U W0 5 )
FHAA LSRR AR Dy 4 M8 1t o 52 1) SR 900 o 1 BK 3 i

M v 2 R
4 giw

CIF E R B A B, K b A R A 3] 7T 35 P A
BUBK AT PEA AL THL A S R R W R Y i
e A AR W i B DA B 6 A b SR I M (R Mk BRI
it 3 — 7 2 W 1 B 2T 2 R OK AR B — N — S BEE Sk
ARG T A ARG Wy A B R R TR

2) PR BIL A A A R A W 2R W R L T
Ay A e R UK Bl ST P R A R A R
T R A W A e R A R UK B
0—10 cm 2+ HE M IE 8 K A2 A2 A0 09 SC B A 5, AT
EYEA LA AR BUE WA R E 10— 20 cm

R B A A AR A SC R

L LR UL R B SR AR AR WA A T AR e SRy
I 1 o 2 ST g 5 R bR 2R 7 3 4 w8 AT 2
ER=RESLIETS /TN

5% 3k

[1] Ma S, Concilio A, Oakley B, et al. Spatial variability in
microclimate in a mixed-conifer {orest before and after
thinning and burning treatments [ J].Forest Ecology and
Management,2010,259(5):904-915.

[2] Baldrian P, Stursovda M. Enzymes in forest soils [ M]. Berlin
Heidelberg: Springer Berlin Heidelberg, 2011: 61-73.

[3] Adamczyk B, Adamczyk S, Kukkola M, et al. Logging
residue harvest may decrease enzymatic activity of bore-
al forest soils [ J].Soil Biology and Biochemistry, 2015,
82:74-80.

(4] BRALTE ., P RTE, B NI & L X B i N T4k 4 4
it 37 1 0 RLFR 2 B R L AR AL AROlL R 224l , 2014,
42(3):89-92,102.

(5] REEP.FHENF, REF,FRMAF RY A MR Z -
38 1 Al A R RO R R S I [T A A AR 2014, 34(7)
1645-1653.

[6] Crepin J, Johnson L R. Soil sampling and methods of a-
nalysis [ J . Journal of Environmental Quality, 1993, 38
(1):15-24.

[7] Vance E D, Brookes P C, Jenkinson D S. An extraction
method for measuring soil microbial biomass C []].Soil
Biology and Biochemistry,1987,19(6) :703-707.

[8] Brookes P C, Powlson D S, Jenkinson D S. Measure-
ment of microbial biomass phosphorus in soil [ ]J]. Soil
Biology and Biochemistry,1982,14(4) :319-329.

[9] Saiya-Cork K R, Sinsabaugh R L, Zak D R. The effects
of long term nitrogen deposition on extracellular enzyme
activity in an Acer saccharum forest soil [ J].Soil Biology
and Biochemistry,2002,34(9):1309-1315.

[10] Parfitt R L, Salt G J, Saggar S. Post-harvest residue
decomposition and nitrogen dynamics in Pinus radiata
plantations of different N status []]. Forest Ecology
and Management,2001,154(1) :55-67.

[11] Morris D M. Changes in DOC and DON fluxes in re-
sponse to harvest intensity of black-spruce-dominated
forest ecosystems in northwestern Ontario [J].Canadi-
an Journal of Soil Science,2009,89(1):67-79.

[12] Smolander A, Kitunen V, Kukkola M, et al. Response
of soil organic layer characteristics to logging residues
in three Scots pine thinning stands [JJ.Soil Biology &
Biochemistry,2013,66:51-59.

[13] Kumaraswamy S, Mendham D S, Grove T S, et al.
Harvest residue effects on soil organic matter, nutri-

ents and microbial biomass in eucalypt plantations in



5013

2R R A L AN TR A TR PR TR A X T S R b L S A S A £ 5 ) 355

[14]

[15]

[16]

[17]

(18]

(19]

(20]

[21]

[22]

Kerala, India [ J]. Forest Ecology and Management,
2014,328:140-149.

BAIRZE A0 % B 9 A0 M L SR AR R A W A A T X —
FAZAR N AR AT A k4 & 1 i I W o [T A
A ,2013,33(13) :4205-4213.

Vanguelova E. Pitman R, Luiro J, et al. Long term
effects of whole tree harvesting on soil carbon and nu-
trient sustainability in the UK [J]. Biogeochemistry,
2010,101(1) :43-59.

B KA, S 2R, A5 A L T 2 P BR R A R i
P b A A W A v R S AR A LT ] ] A S
#%,2013,24(2) :366-372.

Prieto-Fernandez A, Acea M ], Carballas T. Soil mi-
crobial and extractable C and N after wildfire [ J].Biol-
ogy and Fertility of Soils.1998,27(2):132-142.
Somova L. A, Pechurkin N S. Functional, regulatory
and indicator features of microorganisms in man-made
ecosystems [ ] ]. Advances in Space Research, 2001, 27
(9):1563-1570.

Certini G. Effects of fire on properties of forest soils:
A review [J].Oecologia, 2005,143(1):1-10.

Barreiro A, Martin A, Carballas T, et al. Response of
soil microbial communities to fire and fire-fighting
chemicals [J].Science of the Total Environment,2010,
408(24) :6172-6178.

Térméanen T, Kitunen V, Lindroos A J, et al. How do
logging residues of different tree species affect soil N
cycling after final felling? [ ] ]. Forest Ecology and
Management,2018,427.182-189.

Knelman J E, Graham E B, Ferrenberg S, et al. Rapid

shifts in soil nutrients and decomposition enzyme activ-

(EB% 333 7))

[17]

[18]

[19]

Yan F L., Shi Z H, Li Z X, et al. Estimating interrill
soil erosion from aggregate stability of Ultisols in sub-
tropical China [J].Soil and Tillage Research,2008,100
(1/2) :34-41.

BT T W] 4 21D b AT SR A 1) 2 R R B RN B R
00 g ) 107 [ 1 VC P Al 24 4 5 2019,31€10) :88-93.
T 55 AR A8 0] B, A5 TR] A 19 0 R R 7R 410 R b
R FARCRLT L W ra Al B4, 2010(11) :45-47,50.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[20]

[21]

[22]

[23]

ity in early succession following forest fire [J]. For-
ests,2017,8(9) :e347.

Sinsabaugh R L, Shah J ] F. Ecoenzymatic stoichiom-
etry of recalcitrant organic matter decomposition: The
growth rate hypothesis in reverse [J]. Biogeochemis-
try,2011,102(1/3) :31-43.

Theuerl S, Buscot F. Laccases: Toward disentangling
their diversity and functions in relation to soil organic
matter cycling [ J].Biology and Fertility of Soils,2010,
46(3):215-225.

XU EE R R AT A PR A bk L 8l O
FUA BL AR 20 43 09 3% e [T, A2 25 2% 4k, 2018, 38 (15)
5374-5382.

BRI, s S8 v W AR BT L AT G A R S I O 1 X R R
Amem L) ] A 35 2E 4, 2018,38(23) :8604-8611.

JA BB X /N B K, AU R v I B K A R AR
AR A W) A= o R O 1k s e [ ). AR 2544 4. 2017,
37(1):127-135.

Li FR, Liu L L, LiuJ L, et al. Abiotic and biotic con-
trols on dynamics of labile phosphorus fractions in cal-
careous soils under agricultural cultivation [J].Science
of the Total Environment,2019,681:163-174.

Allison S D, Treseder K K. Warming and drying sup-
press microbial activity and carbon cycling in boreal
forest soils [ J].Global Change Biology,2008,14(12):
2898-2909.

Bowles T M, Acosta-Martinez V, Calderon F, et al.
Soil enzyme activitiess microbial communities, and
carbon and nitrogen availability in organic agroecosystems
across an intensively-managed agricultural landscape [ ] ].Soil

Biology and Biochemistry,2014,68:252-262.

X R FEJT K. P R R ALk B s R LT ]
A S Al 22 4R, 2011,19(2) :447-455,

D7 W ok — 4 BEER AR L AE L IR AR R R R 4 e LB
T 58 W T 28 18 R 5% e [T ] b M8 iR, 2017, 48 (5)
1149-1153.

TN AR B B S b e] 2 5 s 25 A IR B
SRR S BT L) 1AL 75 [ 2, 2014(18) 1 63-66.
A o, RO L PR S s R e G
ZIFFE L], 32437, 2004 ,41(4) :618-623.



