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Abstract

Aims Enzymes play an important role in the decomposition of soil organic matter. Changes in net primary
productivity in response to climate change are likely to affect litter inputs to forest soil. However, the effects of
altered litter input on soil enzyme activities remain poorly understood in subtropical forests. Thus, this study is
designed to find out if litter manipulation has an effect on enzymes in different subtropical Castanopsis carlessii
forest.

Methods Three treatments including double litter (DL), no litter (NL) and control (CT) were installed in a
secondary C. carlesii forest and a human-assisted naturally regenerated C. carlesii forest, to investigate the
responses of 6 soil extracellular enzyme activities.

Important findings The activities of Cellobiohydrolase (CBH), B-1,4-N-acetylglucosaminidase (NAG), Poly-
phenol oxidase (PhOx) and Peroxidase (PerOx) in the secondary C. carlesii forest were higher than those in the
human-assisted naturally regenerated C. carlesii forest, while acid phosphatase (AP) and B-1,4-glucosidase (BG)
activities had no significant difference between the two forests. Compared to control, both NL and DL treatments
decreased the activities of AP, PG and NAG, but had no effect on the activities of CBH and PerOx, and DL treat-
ment decreased only the activity of PhOx in two forests. Except for NAG activity, the activities of AP, BG and
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PerOx decreased more in the human-assisted naturally regenerated C. carlesii forest than in the secondary C.
carlesii forest after litter manipulaition. Both Pearson correlation analysis and redundancy analysis showed that
soil enzyme activities were significantly correlated with soil moisture content, carbon (C), nitrogen (N), microbial
biomass carbon (MBC) and nitrogen (MBN) contents. Therefore, changes in litter input (both increase and de-
crease) could decrease some major soil enzyme activities such as AP, G and NAG in both secondary and hu-
man-assisted naturally regenerated C. carlesii forests by decreasing soil moisture content, C and N, MBC and
MBN contents. Based on the responses of soil enzyme activity, we conclude that the C and N cycling in secon-
dary C. carlesii forest could be faster compared to that in the human-assisted forest of the same species in the sub-
tropical forest ecosystems.

Key words double litter; no litter; soil enzyme activities; secondary Castanopsis carlesii forest; human-assisted
naturally regenerated Castanopsis carlesii forest
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RAESRGARWMEZES) . LIEP U)LY+
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2003). TIEEEEVES SR . SKE. pHE.
RC) & & AN)EFE5 K &= A K(Sinsabaugh et al.,
2008; J<[FIMEE, 2008; Baldrian, 2009), &K E AL
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&, 2010), MM AFCAED A KRR 7R 0
B 98 2 IR COL MR 38 I R, B2 T ek 3 30 )
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al., 2008; Cernusak et al., 2013), i TS FH4EA]
RE S PR RAEPI A A= 11 (Doughty et al., 2015). fEY)
A7 1R A AR A 51 e N\ 3 R s A H A
JRE SR, M R RE Y A R BEIE ALY
ERWT R KA (Gray et al., 2002), F40 115
BEEEE o AELE A BT 90 3 BH R 98 4 19 0 R sk 2D it 1 3
B % P 1 52 W 9F AN — 0 (Weintraub et al., 2013;
Kotroczo et al., 2014; X|E %5, 2014; Veres et al.,
2015). fERTARMAES RS, FEDR NG 55
WPER KRR B EAL, MIREY %G T IEREE T
3 2 PG (Kotroczo et al., 2014; X245, 2014; Veres
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e T, HRE. BKESSRY . #aH
BKESE, FRAMHLR Y 5N SR (3G n s b)
SXof A AR 1 (1) B I A AR

KHALLSK, RIREORI ™= 5, REF T R HE
23 [ R A R TR A SRR, SRR BRI 8 437 i
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RIS A TR =R AES R 5 2R
I U3 ROV £5.(117.60° E, 26.32° N), HufE LUK
th FEpE N, FRR300 m, 3435 8 ~25°-35°,
Ja& O By ZE R, TR 9.1 °C, R RRK
1 749 mm, MXHEEES1%. X+ HL 5 AL
FORE IR IEAIE, EE#EITE m.

RHBEERR(BL R R RR A AR) R AE 197 64 KA
RIME B E RGN BB REG L. F
PR KA. 5 %% (Castanopsis fissa). AT
(Litsea pungens). #iA 21 (Neolitsea aurata)s. #
KIZH K34 H (Ormosia xylocarpa) . # & 41
(Photinia hirsuta). E47(Ilex pubescens)&5Ffi2k
A 2 3 B i M) B £ (Diplospora dubia). 275 &L
(Gahniatristis). 7H % (Leptochloa chinensis)&2H % -

KA N A BE B AR AR (BATT TRl AR AR AR 2 AE
19774 KA R SRR o 9 FE AR S5 R AR T8, FRAE
SR AR AN ABR R H BT R o R ol
KA, EARJZE LR (Itea chinensis). B4 f1
Fk(Lithocarpus glaber)55 £, BEAZEAKIE. AN[FH
AR F 7 PR B LR T

F1 ISR 7 FEACRRAE AN - 45858 )22 (0~ 10 om) IAL 1
Table 1 Main characteristics of the experiment site and properties of the
topsoil (0-10 cm)

TiH Item KEEAEM KA AR TR R AE AR
Secondary ~ Human-assisted naturally
Castanopsis  regenerated Castanopsis
carlesii forest carlesii forest

FEIR 10.80 13.70

Average tree height (m)

R LiEE 12.20 16.80

Average breast diameter (cm)

Moy 3788 2158

Stand density (¥k-hm™)

IR E 698 658

Annual litter fall (g~m’2)

IR 0.93 0.70

Fine root biomass (kg-m )

ECHR 20.98 16.68

Total carbon content (g-kg™")

ENEHE 1.42 1.14

Total nitrogen content (g-kg ")

tHEKE 0.95 1.10

Soil bulk density (g-cm™)
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1.2 R

20124E6 H, TE KA IR AEMRAUKAE AR AR N 43
A E3N20 m x 20 mPIFRAEREHL, FERE PR
WFEHL B BN AT m x 1 mif/NX, FFBENLS:
F3ANAEEE, B (D)PREETATEPI(CT), AMEATAT b2
TERXTIR, Q) EBRIEEVINL), 25X N R4
HRTEY), FRENX EJ70.5 mE AR M5 m %
1.5 mff1Je e, LA BH - R 3 3 NN X
Q)HTEDEINDL), 2 BRI 75D AL ER 1) Je e T
108 T 0 TOCE 2R INRVE W A BRI /N X P o S,
TR H B —IK
13 HmEE

201644 HBURE, FHNAE3 emy K10 em (P -4
TERFA/N X P BEHLE8A s, K010 em 3R 5L
TRE], F LA H e KB A FB FE R, T
NG VKR BV g A8, [ 256 %508 2 mmif, T
N4 CUKFEN . — 305 Frif LA A e 35K
&, AEtEapLIDOC). il A HLA(DON) & &,
WEAED AV ER(MBC) A AV EZ(MBN) &
UK RIS, o TEAN AR
AT, SR E 1 3 pHAE 1+ 3 4 % (TC) A%
(TN) & &
1.4 MEFR

TR R E S (RO Sy
Br7iE) (Btnbh, 2000). 357K &R AT
EE; LIEpHAE K H IR B ; L IETCHITN
4 &= 1# /I Elementar Vario MAXH% % 76 & 7 #r 4X
(GmbH, Hanau, Germany)ill| 7&; +3#DOC5DON,
NH;. B RAGEESR SHAER) & &9 0KHTOC
73 M1 4 (Shimadzu, Kyoto, Japan) 1 i 2l 7 #1 1X
(San++, Skalar, Breda, the Netherlands)il] 52

FREXA CORAE B LA 10 g BT A A4
&, TEMBCHMBN & & i & % FH & 17 5 %
-K>SO,IZ#21%(FE)(Vance et al., 1987). #4#MiZl 5
25 N R RI RO B R v A 2 S T
25 ‘CHE#24 h J&, M40 mL 0.5 mol-L ™' K,SO44%
B, R BUK T ICHE &R A TOC/ Al e, 424
TrENE KBRS, HAHMBCH 0 /50N
0.45, MBN [ #% ¥ 2% 45 0.54 (Jenkinson et al.,
2004).

it 375 1 ) 5 23 W Saiya-Cork %5 (2002) ) J7v2, il
EAMNEREES: S YIBE(PerOx), £ By AL
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(PhOx) PA S /K RGBT MG (AP)  B-7 %) B 1 Iy
(BG)~ £F 4 & /K fift i (CBH) LA K B-N- £ Pk 2 3k 76 %)
W EE(NAG), MEBERIRY) . 465 RINRe K2,
B1g 4+ 3 o N 2 125 mL B B2 £ 22 3 W (50
mmol-L™'\ pH 5.0y 2R, BEiHH200 uL
N6 FLIMALAR o B AT 161 B (200 pLAF: b
VWE+50 uL 200 pmol L™ JEAER), 8B M2t
(200 pLEEFRZZMAM+50 nLIEIE )87 H
(200 pLFESERA50 nLEM TR TE R IE . K
Fif FE 0 DAS /SR K BRUEI (200 pLAE+50 pLbRiEER)
KK BRUEST R (200 WLZEHTR+50 pLbriEiR)it
ITRRIE, FLBAE BB F120 CHEE4 hia s
FLAFAIAT mol- L' NaOH A% H i 1) e i3 1k
FSynergy H,Z BIfERFIR{ (Molecular Devices, San
Jose, USA)AC % 11365 nmi & A1450 nmok 5 6
FEER LR S E T R I B B, v P DA
BN A T T 5 R AR SR A B R B (nmol-g )
KFKiL. PerOx7EPhOx ) FE it I, AN FLFH 4 0
10 uL0.3% Hy0,, EALHEEE MR W6 ik
ME, HALRE T RBIE$20 CFE 18 h, HHIL
W36 FE TR 2 HAE450 nmAbIIROLSE, Ffb
B M #35 Apmol-g
15 BIEGIT o

ST HT{ESPSS 19.0% 1 H k4T, SRR &R
T3 ZE WA AT R — MR AN R A B R 3897 0 . BAED
AR AR A DA B S T S 2
L7 SR IR B/ i 25 22 R B0, W
KFRp < 0.05, KBS RE AU 5 43 B AN [ AR 2
[ —4bFE 438 5% 7y . MBCAHIMBN LA A% il 3 14 ) 22
T, BEMIKF Np<0.05. TIERHE IS IR
SEAE R (1 HH 5 40 BT K B Pearson AH 56 23 1 1 0 0 4%
ST, TUAR T E F Canoco 5.0%F#E4T(p < 0.05).
YEITEOrigin 83K N 52 ik o

2 #R
21 JFEYAIEETIRBAMRIMMBC, MBNAY

Tk

FEVVEMN, H5CTHIEL, NLACFE %+ pH
EADONTCE A, T35 /KE. TC. TN, DOC.
NH;- 5 JFiN. MBCHIMBN & & 73 Il P& %24 % 41%-
34%- 39%- 29%-. 29%. 29% ( p> 0.05)H154%; DL
A+ 3ETC. TNAIDONE & 4 f#1K21% (p >

0.05) 20%K164%, THINHAH BN &5 5l 52 1
Jn40%139%, {HXF 1352 7K & pHIE . DOC. MBC
FIMBN & &35 TE M (R3)

ENEMRAN, S5CTHILL, JEVEYIALFE(NLAIDL)
()35 K & pHIE . DOC. DONF BT T #38
b FIENH, & BENLAC 5 62 5, ZEDLANE 5
BEIN19% (p > 0.05), T3 NG 2{AENLAH 5
BA#AK21% . TCFITNAENL AL B J5 34 F#11K23%, DLALEE
J& ToFAM; NLARFE 43 MBCHIMBN & & 43 7] P A%
34%#1160%, DLALEEMBCHIMBN & & 73 1 B 14%
137% (F%3)-

FEPE/N PR Hh, R (R A3 398 K
pHIEL R EEZR . KAEKRKCTAR T, -HETC,
TN. NH;. B BENAMBCE & &3 m T A ek, &
AEARFIDLAREE R, +3ENH,. 7 FINFIMBC S &5
F NI DLALBE(F23).

2.2 ORTEYARIMANFE BRI L IREGSE M RS20

UWEMKN, 5CTHIEL, NLALH 5, HIEAPH
NAGTE 2> W A 49%F148% (1A, 1D); i 1%
CBH. BG. PhOxHPerOxiE LT W E M7 R, 5CT
AHEE, DLAFEJS, AP. NAGHIPhOxIE 1143 5l AR
37%. 38%A129% (1A, 1D, 1E); +3%EBG. CBHA
PerOxi& 1 o B & M2 5 .

MNEMN, S5CTHIEL, NLAH 5, APFIBGHEPE
73 B 68%F146% (p > 0.05)(KI1A, 1B), 1fij 1%
CBH. NAG. PerOxflIPhOXiFME L R EH M ER. 5
CTHILL, DLAFEJS, T3EAP. BGHFIPhOXIE 443 7l
FAA44%, 53%M158% (KI1A, 1B, 1E), 1fi+3#CBH.
NAGHIPerOxiE T B EMEZE R

A, AR L3ECBH. NAG. PhOxAllPerOx
R E ST AMEM. BRCBH. NAGHIPerOxif 4
Ah, MNMEMLIEAP. BG. PhOxIF PEENLAIDLALFH
Ji B A R M FEE 2 v T IR AE AR (B 1) o
23 TEMEMSTEFRSRBEVENEHRSR
oEiEES

PearsonfH R HT R B, FRPhOxE AN, H4e+
152 it AN P 240 93 79 5 -4 5 /K B TC. TN. DOC.
DON. NH;. MBCE{MBN% & & ZHx(#4). +
BEAPFINAGTH 5 TS /KE . TC. TNAMIMBCE
B EMZK, AP S5MBN S £ % 3 EAH
Ko TIEBGIETESTN. MBC. MBNZ & i 3% 1E A
K. TIECBHIE M SNHyMMBCH & &3 FEAH K,
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Table2 The substrates, abbreviations and types of the examined soil enzymes

fi# Enzyme 455 Abbreviation #i*5 Code JiIK# Substrate HA Type
HRIEAIRE Acid phosphatase AP 3132 4G TRRRE PR K AR
4-MUB-phosphate P-targeting hydrolytic
B-HI & WE TG B-1,4-glucosidase BG 3.2.1.21 4-FA LT l- B -D-7 %7 Hl CHRARIK S g
4-MUB-B-D-glucoside C-targeting hydrolytic
L YEF KBS Cellobiohydrolase CBH 32,191 4-FRIEIURN- B -D-£F4E % Y CIRAK Y
4-MUB-B-D-cellobioside C-targeting hydrolytic
B-N-Z BRI E M EF B-1,4-N-acetylglucosaminidase NAG 3.1.6.1 4-FAFE TR -2- 2 R FE-2- - N3RS K e
B -D-NH MR A 225 K N-targeting hydrolytic
4-MUB-N-acetyl-B-D-lucosaminide
B {b§ Phenol oxidase PhOx 1.10.3.2 ¥ 3IK L-DOPA CIR15 AL B
C-targeting oxidase
WAL Peroxidase PerOx 1.11.1.7 L-—#2H3% L-DOPA CIRAF AL

C-targeting oxidase

4-MUB, 4-methylumbelliferyl; DOPA, L-3, 4-dihydroxyphenylalanine.

3 PRI 25 B0 7 M AR R LS AL PR DA A B . B AR R A AL CP AR HE R 22, n = 3)

Table3 Soil physical, chemical properties and microbial biomass carbon and nitrogen contents in the litter removal, control, and litter addition treatments plots

in the two Castanopsis carlesii forests (mean + SD, n=3)

TiH Item KRR A KA A B R A A
Secondary Castanopsis carlesii forest Human-assisted naturally regenerated Castanopsis carlesii forest
it i ikr2y/ PR S JAVEIR I i i JRVEI R JRVE I N

Control No litter Double litter Control No litter Double litter
%7K & Moisture content (%) 0.30+0.00  023+0.01° 0.29 + 0.03*4 0.26 + 0.06™ 0.21+0.01* 0.25+0.03*
pH{& pH value 5.11+0.14"  5.10+0.04" 491+0.16" 525+0.17* 5.11+0.02* 5.13+£0.10™
2T Total carbon (g-kg™) 2098 £2.75 1241+ 175" 16.49 +0.47" 16.68 + 0.44°° 12.77 + 0.09°* 14.71 + 3.00°"
4%, Total nitrogen (g-kg ™) 1.42£0.09*  0.93+0.12% 1.14£0.02°® 1.14 £0.098 0.88 +0.07"* 1.02£0.19™
AVAPEA BB 49.15+ 837" 29.77+9.46™ 555887 48.86 = 6.76™ 47.11 £10.09** 49.52 + 6.46™
Dissolved organic carbon (mg-kg ™)
AVA A LA 2.08+0.02**  1.85+0.09" 0.74+0.15"® 2.26+0.36™ 2.18 +£0.43 1.86 + 0.44**
Dissolved organic nitrogen (mg-kg ")
NHj (mg-kg™) 37.49+0.69*  26.5+321°  52.6+0.6™ 26.99 +4.01°° 22.04 +3.12% 29.63 +4.41®
WA Mineral nitrogen (mg'kg ') 38.08+£0.52"*  2722+331°  53.05+0.82* 27.96 + 3.94°8 2237 +3.24 30.98 +4.41°®
A A Y 315+ 330 225 + 66°° 371+ 57 258 + 17 171 + 5% 221 +23%
Microbial biomass carbon (mg-kg ™)
WA A 2033 +630"  13.41+227°%  2638+536™ 36.56 +3.49™ 14.61 +2.58 23.05 +5.07

Microbial blomass nitrogen (mg-kg ™)

6] —A4T /NG FBER IR Al — R4y A [F) b 2R ) 11 22 TP (p < 0.05), K5 FBFR R [Fl— b 3N [ AR 4 ) 1) 22 57 44 (p < 0.05).

The lowercase letters mean significant differences among treatments in the same forests (p < 0.05), the capital letters mean significant differences between the

two forests under the same treatment (p < 0.05).

5DON% & 2 3% fitfl <. PerOxifitt 5 +-3EDOCH!
MBNE & 2 # A K (R4) .

RIS TUR A e SRR 0, el v 5 g
b PEFRAIMBC. MBNF & B /5%, 34 6%41@’5{%
M5 3P AL M R . MBCAIMBN & & [fJRDA &5 IR
SR, B hrrERIRD DA R (RD2) 7 5 fi#
T IR PR AR R 79%A115% (E12).

3 g
T ERRFRN X L IREGTE M R R

BT, NLACFEFEAS 7 H3%AP.BGLLANAG
WP, X5 O VA 2 B B AR S T (A 5T 4

31
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(Fekete et al., 2011; 5 [E %%, 2011; Weintraub et al.,
2013; Veres et al., 2015; #¥£SE, 2016)—5. 1%
AP, BGHINAG = ZLE AW =4 (0 FT B AT
iz, 2004), i e 1 K 52 2% A HLTUK R
AR AEAE TR PP, Cy NN ST
JFi(Kotroczé et al., 2014). Xiong%5(2008)HF 57 & T Bl
HEBEVRMAERSENTE, LIEGEYEN
U P 1 38 Y. 3 PG . R L S5 (2011) B 78 K IR
ZBRTVEY) B AR T M AR, R PR
TR AR EEYE . AREF T, NLACHE 3
BFAK 7 HIEMBCRIMBN & &, HAH < #r f7T
KONTEIRBIMBC. MBNZ & 5 HIEAP. BGLLA
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Secondary Castanopsis Human-assisted naturally Secondary Castanopsis Human-assisted naturally
carlessii forest regenerated Castanopsis carlessi forest regenerated Castanopsis
carlessi forest carlessi forest
[ I%$#8 Control A& ZBR No litter DA YT Double litter

B RAEMANAEAR A BRI 25 R 5 RS VR AR CP I B ME R 22, n = 3). NS FREORF — M0 T AR
BRI 22 71 (p < 0.05), K5 F-RERIRANFE AR [F— A B 8] 1 22 5% (p < 0.05).
Fig. 1 Soil enzyme activities under litter removal, control, and litter addition treatments in the two Castanopsis carlesii forests
(mean + SD, n = 3). The lowercase letters mean significant differences among treatments in the same forests (p < 0.05), the capital
letters mean significant differences between the two forests under the same treatment (p < 0.05).

R4 ISV A BN BE YRR BCEMAE R R R R

Table4 Correlation between soil enzyme activity and soil physical, chemical properties, microbial biomass carbon, microbial biomass nitrogen

TiH Ttem ERYEBEERNE  p-MIETHETIRE  AAEFOKMES B-N-ZBESSH BTN AL FUK=RAq
Acid B-1,4-glucosidase  Cellobiohy- B-1,4-N-acetylglucosam- Phenol oxidase Peroxidase
phosphatase drolase inidase
7Kk Moisture content (%) 0.545" 0.327 0.344 0.504" 0.221 -0.230
45T Total carbon 0.638" 0.312 -0.003 0.751" 0.119 ~0.164
2% Total nitrogen 0.830" 0.499" 0.248 0.807" 0.245 -0.109
AVEEA LR Dissolved organic carbon 0.274 0.225 -0.175 0.195 -0.391 -0.624"
Al LA Dissolved organic nitrogen 0.060 -0.140 -0.534" -0.139 -0.205 0.105
NH; 0.362 0.296 0.527" 0.411 0.035 -0.279
A E YRR Microbial biomass carbon 0.523" 0.488" 0.531" 0.524" 0.252 -0.163
EE BB Microbial biomass nitrogen  0.648” 0.498" —0.118 0.231 -0.150 ~0.608"

*,p<0.05; **, p<0.01.

NAGH P23 IEH ¢ o X R WINLAL B A] G 38 1 5200
WA A E, AT AP, PGLLANAGIE
PEo AT WU A DU B2 S (1 L ZL R, R
WA S EZCH, ERREEYRAD T+
AN R RIE, R A il b, A4

K SZ M R AMBCHIMBNIFI8 /), 251 B4R T
IR . AEADTE SR A TT DL S R
PERARA, RPN 2R 3 B ORI A Y AR AR
53 [a) 4z 52 1 3 A 12 (Kivlin & Treseder, 2014) . A%
BT, NLACEERRAG 7 38K E, H K&

DOI: 10.17521/cjpe.2017.0247

©U 00000 Chinese Journal of Plant Ecology



698 WA Z52-4) Chinese Journal of Plant Ecology 2018, 42 (6): 692-702

0.6 |
eI ESL S YA AR
Microbial biomass nitrogen  Dissolved organic carbon
Vi N
A
Dissolved organic nitrogen
| TKE A
Moisture content
S N NH;
2 FRVEBERR G e
& |Acid phosphatase p- %R HRY
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a 4%k Total carbon 2% Tatal nitrogen: p = 0.002
o J
g % ﬁ. 1M e e M B R T A= 1R & Microbial biomass nitrogen: p = 0.004
& | Total nitrogen Microbial biomass carbon &7k Moisture content: p = 0.006
4 Total carbon: p =0.010
WA Y14 Yy Rk Microbial biomass carbon: p = 0.010
- EFAERK S NHj: p=0.114
S A— Cellobiohydrolase A %A HUBR Dissolved organic carbon: p = 0.250
-N-£ . .
[3-?,4-N-acetylglucosaminidase A %A P& Dissolved organic nitrogen: p = 0.836
8417 A

081 . Phenol oxidase Peroxidase . |
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Fig. 2 Redundancy analysis on the relationship of soil enzyme activity and soil physical, chemical properties, microbial biomass

carbon, microbial biomass nitrogen.
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(Rutigliano et al., 2009; Brockett et al., 2012), ¥
Z5(2016) 0\ Fy T3 5 /K B 1 PRI 2 J8 ik 52 i JEC A7) A1
Pt P47 B 26 52 e B A= D AR AL, 31T BRI - 3BBG
MINAGIE . A FE 2 BRIEvE P15 LIRRZE
B>, BEIN T REK A R R, BRIK T I
TKE, FEUAEM A ER AR, IR
s T IR

AT IS I JEC A P10 28 A A1 2 5 Wi g v e P 22 A
%, WAllisonflVitousek (2005) K I INLT 4 & 5
HAth &SRS 7 BGIENE, WS Infk i & A A
fi R B 7 R E N T H B ALK E E M Her-
nandezf1Hobbie (2010)H 5L &I, Bk i B s 1 5
AH R I B 2 IEAH 98 R R Kivlin fll Treseder
(2014) W\ Ay mT R K B, 0L I3ECH & LA
KN\ PEEFEIREL REs2 I BE T . B 7T, NLik
MR T LHETC. TN, DOCH ®(K3), At
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AP, BGHINAGHT 5 TCAITN & 2 . 3 b . 3%
IEFR, X512 B 745 R (Hernandez & Hob-
bie, 2010; 4 KZE, 2010; Kivlin & Treseder, 2014;
PIRIESE, 2016)— 3. XFRWINLAGHFE(E T L%
AP. BGHINAGH)WEMET REE - 3ETC. TN, DOC
LR FREA K NLAH)E, ATaE/D Tk B %
Yoy iir=FE A HUBERR B IE . 24t —RE S MLt
A +3E(Hernandez & Hobbie, 2010), fi#i 3%
il AR B FRAIR, BT S B L IEAP. BGHINAG
TEPEIBEAK

NLACH J5, 3 PhOXIE & A 3% % 7,
A B A2 AT TR T4 ) A B B 1) 5 4 (34F), PhOxif 1
AR R EZER, MOAPRERH, PhOoxigH
I 90 747 2 e A B ) 3 K 17 3 35 B 1R (Veres et al.,
2015).

AHFE, DLACF RS | -4 AP. BG. NAG
MIPhOXIEE . FHSZE(2015) 76 )11 P8 WV i L & Ak s
T T5 4 . A A 0 A 1) AR 7 | e 3 R 4 g
T 2 PR B (2016) 78 K LS A I &
PLHEEC, NEREEZENM, R T REMEK,
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