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Effects of forest gap size on initial decomposition of twig litter in the subalpine forest of
western Sichuan, China

GUO Cai-Hong, YANG Wan-Qin, WU Fu-Zhong, XU Zhen-Feng, YUE Kai, NI Xiang-Yin, YUAN Ji, YANG Fan, and
TAN Bo'

Institute of Ecology & Forestry, Sichuan Agricultural University, Forestry Ecological Engineering in Upper Reaches of Yangtze River Key Laboratory of
Sichuan Province, Alpine Forest Ecosystem Research Station, Soil and Water Conservation and Desertification Control Key Laboratory of Sichuan Province,
Chengdu 611130, China; and Collaborative Innovation Center of Ecological Security in the Upper Reaches of Yangtze River, Chengdu 611130, China

Abstract

Aims Existence of forest gaps affects soil moisture, temperature, and decomposer community structure in forest
ecosystem; however, it remains largely unknown how the size of gaps affect litter decomposition. The objective of
this study was to determine the rate of mass loss of twigs associated with the closed canopy and forest gaps of
different sizes in a subalpine forest of western Sichuan, China.

Methods Three forest gaps (FG1: 255-290 m?, FG2: 153-176 m* FG3: 38-46 m’) and three plots under a
closed canopy in an alpine fir (4bies faxoniana) forest of western Sichuan, China were selected to conduct a litter
decomposition experiment. The air-dried samples of 4. faxoniana twigs were placed in nylon litterbags (size 20
cm x 20 cm, pore size 1.0 mm), and those litterbags were placed on the forest floor of experimental plots. The
experiment was carried out for a period of four years from November 2012 to October 2016. Mass loss rates asso-
ciated with different forest gaps and closed canopy were estimated every six months.

Important findings Our results showed that there were significant differences in the depth of snow cover, the
temperature and the frequency of freezing and thawing cycles on the forest floor associated with the three gaps
and a closed canopy. The snow depth and the temperature were highest in the FG1 and lowest under the closed
canopy. After four years, the remaining mass percentages of twig were 59.9%, 59.5%, 62.1% and 55.3% for the
FG1, FG2, FG3 and the closed canopy, respectively. Correspondingly, the decomposition constant (k) was 0.127,
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0.131, 0.120 and 0.135, and the time for 95% decomposition was 23.6, 22.7, 25.0 and 22.2 a for the FG1, FG2,
FG3 and the closed canopy, respectively. Compared with the closed canopy, the mass loss rates in the forest gaps
increased in the growing season for the first year and the second year, but reduced in the winter for the first year
and fourth year. The effects of gap sizes on the mass loss rates varied with the decomposing periods. The mass
loss rates increased with the increase of the gap size in the winter during the first year and the third year decom-
posing, and reduced with the increase of gap size in the growing season in the third year. Also, the percentage of
mass loss was the highest in the first year and increased with the gap size. The percentage of mass loss in the win-
ter was higher than that in the growing season. In conclusion, the formation of forest gaps profoundly affects the
litter decomposition in the subalpine forest of western Sichuan.

Key words forest gap; twig; mass loss; subalpine forest

Guo CH, Yang WQ, Wu FZ, Xu ZF, Yue K, Ni XY, Yuan J, Yang F, Tan B (2018). Effects of forest gap size on initial decomposi-
tion of twig litter in the subalpine forest of western Sichuan, China. Chinese Journal of Plant Ecology, 42, 28-37. DOI:
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TR 53 iR R e R R AR TS RGN IR 5y
TEIR M E AR, ZRAEMEIEEME R
AR (Aerts, 1997; Berg & McClaugherty, 2014).
O MIRFFE R B, V&2 5 A8 KRG THTED)
IR BB 70%, #7205 26% (Berg &
McClaugherty, 2014). HLA FIRF 5T K 2 S5 & I
OrFRIERE, Ay AR OR 2 B TR TR, 6
TER MR D (Parton et al., 2007; Adair et al.,
2008). Cha%:(2017)i k40 H (7 RS2 36 KB, 6
T Lt i AR P ER R P DR 2% TR 3B R T 75% A
&, BB R TE R E VR B A 5K o il
(Gosz et al., 1973). ShorohovafilKapitsa (2016)%} KX
N5 I MORH A 3 B A (RO RF T 3R B, IR VA L U]
v B AW R, o R () S5 R R D)
. L, TERMAS REREEY RSB IOT
1, WS RTS8

B T2 5 L AR A S R G AR A RER
BT H IR X (McCarthy, 2001; S K545, 2013),
A B P 5 T AR A 52 0 v L SR AR R TR A 1 4 i
W (DB RS F TR RO S5 J L3R )
TV 45K (McCarthy, 2001; &= =%, 2016); 2)H
BN T B K MR R R P IR, I TR
A AR SR ) BT (Zhang & Zak, 1995;
Prescott et al., 2003). 1, Arunachalam#lAruna-
chalam (2000)7E . #y ¥ i ARAR IR Fe i H, L2
MO IFIE N 7 SR AR, AR IR BT
it — bRt E T RIREE Y A R A B N R
FLHEFEEBUR; He%5(2015, 2016)7E i LU AR AR I 572
R, WG AFH PR SALG 1B
JRFE AN R I PR DL R A . [FIRT, AR

T T AR R /INIR BN P 7K AR A 2 06F 1 Ll SR ARV T4 40
FA I N5 T (Baptist et al., 2010; Zhu et al., 2015;
He et al., 2016). FLLFHCAMT, 7EAZTHHE, #k
T AR S 1 R FACRAR A P R A - S A W 4 RR AR X
B I PE (Baptist et al., 2010; Christenson et al.,
2010), AR AT RE(RREAZREY) o, HAF R/
(R T T 25 e B P R R R A JR) ) 508t T e A
[ A% 2 A F T V& 0 73 ff (Aerts, 2006; Wu et al.,
2014); TEAKZET, MR YA XS B i 0 0 BB B AN
JEAR B R A S BRI T m, K 2R IS A
% R ke 55 (Denslow et al., 1998; Varhola et al.,
2010; Devi et al., 2012), PR A REFNH AL 2E A K
ZATTTED I o SR, 1E4 M 1EA KRR I
TRAR AR AL R 50 o0 R IO T S5 8 AN L5 Il 51
4, Prescott5(2000)HF 50 A B, it 5 AR & i AL G K,
WA RN IO, R T VR0 5 fie; A
%, Zhangf1Zak (1995)ifF5TiAN, HA E miRieE
ZAFBIRRE (BUNRE ) TR T A O R L AR T
i1, Denslow%5 (1998) i 5T 3R BH, AR & R /NAHE V&)
IIRTCE R . (HARE R IR, XA R
Z 5T RIE ARSI, A RME KN TR T8
B4 FR RS20 T AN TS 2, S BRI 1% v LU AR AR ot
PEIR LR AT

LT 75 8 S 2R % 0 18 I s L AR AE R 15 X
WA IR RE Y 2SR T
Sy EEMERRFIRE, 2002; R K55E, 2016).
Z X AR A ZE B B I 2R 1 S R R R R
FE(Wu er al., 2010), FRAFEVA I H AR BH A G 5
W ECUPRMRE, 2002; RPEEEE 2013), A6
FE i LR B KRR 50 RS I TR R AR SE 6P 2
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HIEEET e i N A= NS DL T AT
KK TATRVE LR . TR LS
AL R A B EEF (Wu et al., 2014; He et al.,
2015, 2016) . [A B, 3 @& Ll #x Ak & 4 371.28
kg-hm *JE A AR 2% BT SR B LR (Fu. et all,
2017)0 3 5 i E AT LU R 9 B v AR B R A [ i
W& E(WATTER), Fo e iE K H bk & A
AR B AT e AN R IR A . SR, ST IX AR
PR VEAL 73 ARAREALE 2 X A T A2 Ak 7 (1) AR DL
fig . DRIk, FRATCAN TG 5y /vy o DX ) A
[IURIT &K (Abies faxoniana)TER NN 5, WA
T KNI URVT VA A2 P A% ot B4 2k 1) s o AT 1M
Wor (1) %282 T e 1L ZRR R V& 1 70 At 1 22 B 441,
A ZR VAT B AV R B AR T T ARG KT RS, (2)#k
T HH PR IV 3 LU AR AR YA T 40 2R e R i A T T A
R RS [ A AR Sk o Wi FL4h ST AT th
WP Ll AR AR TR PR S R AR 2%

1 #RA7EE

1.1 MR SHMER

B 56 DX 4 A T DU )1 4 B 3005 e 92 I B VA N
HEL R DU 1 AR K 2 v Ll AR AR AR TS R G E A
FL ¥k (102.88°-102.95° E, 31.23°-31.32° N, #ik
2 458-4 619 m). BFFABALTE T KR HRRY X,
Hb A 7 80 e R AR 2 5 DU 1 S b R Y, X3 A AR
R4 °C, REAIR23.7 C, HAIVRIE-18.1
C, FERKELS50 mm, FEMEF B I S-64
H(RIKTTEE, 2013). AR 1 8 I 4K b AIK 3 & ik
PORNET TR A PR o FEET AR L 5 1L HE AT RE A
e AR B EHIRIT A . 4K (Betula

I i L AR B e AP

albo-sinensis)~ J7HiAA(Sabina saltuaria) ¥F =12
(Picea asperata)®1VY N ZL42 (Larix mastersiana)?,
MR REAR ULRE SEWI(Salix paraplesia)~ %i7T(Fargesia
spathacea) — W%t (Berberis julianae). %L EAEMK
(Sorbus rufopilosa) ¥V #f(Hippophae rhamnoides)=5
NE, BARLUVE S (Cacalia spp.)~ ¥ #(Cystopteris
montana)~ % %.)&(Carex) 55L& (Cyperus) 5 N+
(RIRTTEE, 2016). LIENRBIERKE . TS A
PR R, BIANZEREZN12.5 cm, pH
fHZ156.5.
1.2 SCIE AN SR AL TR

e L AR S R G MW s T AT hm®
URVLYAAZ I AE AR AL (B RINE 38°, T 24°)idk4T
SRSLEG, W3 598 m. MRE BEEIIRY ERE,
Foi % UL 5t OR B 2k 38 8 1 (Schliemann &
Bockheim, 2011), T4 DY JE 12 FA Rl s e 30 ALAARR [
TR E Y AR A . ATHAR & I, %X
SR A B K IR B T AR 21 9280 m® (SR 545, 2013),
BT B SR, 2S00 00 B3R AR g T AR KN 7
W°9255-290 m* (FG1). 153-176 m® (FG2)H138-46
m’ (FG3). A, ZEURYTARZAR M T (CC)R B34
10 m x 10 miFIRE 7 /0 HE . PR & T-201245 4
KT, A BEARRE WKL .

20124E5-9 F, RARURTL A 42 Hh 3% 37 6 I V& A%
(B2 N0.5-1.5 cm), 45 CHET, G—BIY)AS em
B, AR EETR/ANN20 em x 20 em. fLAEAN
1.0 mmJe Je W EAE T, #4810 g . V%
IR i & W32

20124F 11 ¥ ) £ 1 73 A A AL T-RE L, 40 il
SIS N IASE, 960N A iR AR, TEIREUIE(10) <

Table 1 Basic characteristics of forest gaps in the subalpine forest of western Sichuan

IS ESt B MR (m?) MRETTE AR LISTRUEIVN MRET TR TT X
Gap type Area of gap Species of gap maker Species of gap border Causes of gap
FGI 255-290 IRITAAL, R LA20-30 moyE, MfE URTAAZ. 4O, FEZLI20-30 myd, fafe 97T, AhS
Pl40-70 cmfE % PL40-60 cmfE £ Breakage at trunk, standing
FG2 153-176 Abies  faxoniana with height and Abies fuxoniana and Betula albo-sinensis with death
FG3 38-46 diameter at breast height ranging height and diameter at breast height ranging

between 20 and 30 m and between 40

and 70 cm, respectively

between 20 and 30 m and between 40 and 60
cm, respectively

5] H R KH455(2013, 2016).
Quoted from Wu et al., 2013, 2016.

2 IRILA I JRVE BATIR B R AE CPBME AR R T, n = 5)
Table 2 Initial quality in twig litter of Abies faxoniana (mean + SE, n = 5)

AR (g ke ") HE(gke™) Hgke™) KIRE %) — AHE%) B & Tk« 1k R T AR A
Organic carbon (C) Total nitrogen (N) Total phosphorus (P) Lignin Cellulose C:N C:P N:P Lignin: N
441.8+10.7 8.11+0.20 0.7+0.1 324+1.7 23.8+1.2 544+0.9 6574+214 12.1+04 41.7+0.8
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TR S R A8 1048, /0 2 BRYE 22 OB AR AR
R, BTHKEMREE G 24 hNIZEEEE, K
N4 CUKFERATZ & o R A0 0 Bl % 38
DS1923-F5# (Maxim/Dallas Semiconductor,
Sunnyvale, USA)2E i Il & A% T 75 458N J7
KiRE, BOER2 hdsx—RKiREHYE, M3 M T
W HHE . BEARR AR ERE RS
e R, HARKE y: 201248118112, 2013, 2014
12015463 4. 11F112H, 201643, 451114,

FEREEMIFE S 3 AR 7o — 8B (48 T
FFFKRE I E, HART A BT 2 e E
FIEIRRE, RIERANRERF, BAIEKH24 h,
KT = B DAR T PV 48, TS AR 52 K TN R,
W 2SR E R VE S8 TS K R B B 2
FEZS min, YICKFEH FROSLZIFRE, &R
HREIHET (65 C)FE, THERKRFIKEERE
R, 2015). $24 hitJFRe K AR A H KRR,
REB(645) 65 CHtFZEFER, AT IMHERE
PR E TG R .

1.3 HBLIBSSKITHE

T i I A AT B BB, R R 48R 5 SR
JEMET0 CHRr&2 2 /b3 h, B 5 [HITH3I0 C 2 /b FF4E3
h (B T0 CHR4EE /D3 h, Bi/EEEE0 CLL T Hr4:
£ /0 3h) 1R B A b R AEAE — IR Rl 3R
(Konestabo et al., 2007).

ROKFIKER= [(24 hWEFRE-T &)/ T
100%

AT I RGBT N y = ae™
Uy ATV A AR (%), a W IWEZH, e N H
IRXTHUR, o fERT TR (R, KRTRTED 77 iR R 5L
(g'g™") (Olson, 1963).

Sy FAREI]: S o3 B 1) (T50%) s 95% %3 i [1]
(T95%) 115 =

1 x

=i
il

FRRMLAE: 10 L AR MR B R R P s 31

50%73 il TH)= —In(1-0.50)/k (K45, 2016)

95% 77 fift iy [B]= —In(1-0.95)/k

JoT B A0 ZR AN T B 401 A T %R (Baptist ef al., 2010;
RIRTREE, 2016) %1 N A5

FED R EIR R Lt (%) = My — M)/M, *
100%

FE30R R B TE R Ve (%) = Lt (%)/DAt x 30

PR V& ) I B A1 R A I 1) - B BRI o BB (feT 4
2 2013): P (%) = (M1 — M)/(Mo— M) x 100%
Aot MO ZIRVE T (g), Mo AVIMET &
(©), (M, — M) NFABRALIT (o) R R B 2 (e =
1, 2, 3-+:8), DACHFHARRAEWS [B] ARG R EL, MR
J& — UCRFETE S N RVE ok B =

AW B 7 22 50 i A i /N B 3 22 R E(LSD) L
BRI AN IR TR RRPR B AR BR B RRAE (S5 1 iR 55
URAMEIN) . REKBETD. REMIRERENE T . i
AN TSR B AR T R i ik B e I 22 5%, R FH B4
(5] U5 23 AT 400 R VR B 0T B 4 O 5 A3 AT TR PRI DG 2R o
PL b 43 7 3 i SPSS 22.0 (IBM SPSS Statistics,
Chicago, USA) ¥ 4 58 mi, #8 9 & £ Origin
Pro9.0 (OriginLab, Northampton, USA)H1 317 .

2 #R

2.1 IFEYHE

MEITR] WL, S vy Ll AR AR AS [R] T RRAR B FIAR
HAEWHENSPIRE, B RMIN, SHiXER
I I8 A B T AR D8 /N O T B 1 AR b A, FGL.
FG2. FG3HMICC 4455 %)% E 5> il 936.3-48.7 .
15.7-22.7.10.7-20.5810-0.6 cm, H. K& &3 800 (F
= 14.41, p < 0.00 )RV LA B Sk i A2 AR
R .

AT FCHAR], WRYLA I H & iR FE bR
S 5511 FEE AR R AT B AR AR 7 TRIAR O /NI ZE 45 AR
PRI B B [ B A AR (E2) . FGITEAZEAN
ARFEAEERIE TRE, £FMEL
ZE T R R FE 4 51 8-0.6-0.9 'CH18.8-9.8 C,
HEZESTFG3HM T (F = 40.78, p < 0.001), 1
FG3 5 CCIVER MR PR EERAEEZF =
4232, p = 0.052), XZEMEKFYHETHEE N
~0.6-0.9 CH17.0-7.8 C (K2A). XZ=(IRAIGI AT
Wi TAKTEN, WEIFREERWEF = 2.36, p >
0.102) 4% % 75 fift 1ok 72 vh () VR BTG SR ATLIR, AR
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Fig. 1 Snow depths associated with the forest gaps and the
closed canopy in the subalpine forest of Western Sichuan (mean
+ SE). Different lowercase letters indicate significant differ-
ences among the three forest gaps and the closed canopy. FGI,
255-290 m’; FG2, 153-176 m*; FG3, 38-46 m* CC, closed
canopy.
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Fig. 2 Mean surface temperature and frequency of freeze-thaw cycles in the litterbag associated with the forest gaps and the closed
canopy in the subalpine forest of Western Sichuan (mean + SE). Different lowercase letters indicate significant differences among the
three forest gaps and the closed canopy. FG1, 255-290 m%; FG2, 153-176 m?; FG3, 38-46 m?; CC, closed canopy. 1W, the first win-
ter; 1GS, the first growing season; 2W, the second winter; 2GS, the second growing season; 3W, the third winter; 3GS, the third
growing season; 4W, the fourth winter; 4GS, the fourth growing season.
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Fig. 3 Water holding capacity of twig litter associated with
the forest gaps and the closed canopy in the subalpine forest of
Western Sichuan (mean + SE). Different lowercase letters indi-
cate significant differences among the three forest gaps and the
closed canopy. FG1, 255-290 m* FG2, 153-176 m* FG3,
38-46 m’;, CC, closed canopy. 1W, the first winter; 1GS, the
first growing season; 2W, the second winter; 2GS, the second
growing season; 3W, the third winter; 3GS, the third growing
season; 4W, the fourth winter; 4GS, the fourth growing season.

W
o

TO T T T TTTTTIT

®
[ F—®
T { &
T T TATAT A T T T T T I ®

(=]

A 4&F5/K RE S Branch water holding capicity (%)

[75]

222 a (£3). ST, HEHREZEMINE =
0.601, p = 0.615) IRV SR ITEHI A &R, TFG2
TE3FPTHIAR AR B Hh B B K Ak =
24 REWHKIRE

AT FEIANR], MR AR R URTT A A28 2% &
1 9 T R oy At o R A AR BB PR AR i a4 (),
FG1 R PR E R DU 1FE A 55 (2.5%), H34F
K EH AR (-0.2%), FG2FIFG3 I LSS 144 K 2=
TR (O W N2.4%R12.2%), BAEAKZET AL
(F#M0.3%). SR TARLL, ME R EREIN T 519

FRRMLAE: 1P 3w L AR B R R - R R 33

B FGl O FG2 A FG3 & CC
— FG1 y=91.53¢212" R2,=0.773, p < 0.001
-—-FG2y=95.55¢013 R2, = .786, p < 0.001
2 -+~ FG3 y=95.55¢120: R2,. = 0,764, p < 0.001
- CC y = 95.55¢-013% R2, = 0.758, p < 0.001

100~ &

o]
(=]
T

JRE R B 2 Mass remaining (%)
o
3

40

4@t E] Decomposing time (2)

[El4 117G e L ARARAS [R] T AR BRI PR T 9 9 Aol o
WRE A ARNG T RHURME R 257 3% . FGL, 255-
290 m’; FG2, 153-176 m’ FG3, 38-46 m*; CC, MMM .
Ry, R K.

Fig. 4 Mass remaining of twig litter associated with the forest
gaps and the closed canopy in the subalpine forest of Western
Sichuan. Different lowercase letters indicate significant differ-
ences among the three forest gaps and the closed canopy. FG1,
255-290 m*; FG2, 153-176 m*; FG3, 38-46 m’; CC, closed
canopy. Rﬁdj, adjusted coefficient of determination.
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Table 3 Decomposition constant, adjusted correlation coefficient, and time of 50% and 95% decomposition of twig litter in different forest gaps and the closed

canopy
NCES] EVEpy e I3 R F Ak AR e R O3RN 1] 95% 3 fif I 1] BEM
Gap type Regression Decomposition Adjusted coefficient Time of half Time of 95% Significance
equation constant k of determination decomposition (a) decomposition (a)
FG1 y=91.53¢ 1" 0.127 0.773 5.458 23.588 p<0.001
FG2 y=95.55¢ 1" 0.131 0.786 5.291 22.868 p<0.001
FG3 y=95.55¢ 12 0.120 0.764 5.776 24.964 p<0.001
cC y=95.55¢ 13 0.135 0.758 5.134 22.191 p<0.001

CC, MMM T; FG1,255-290 m’; FG2, 153176 m*; FG3, 3846 m”. ¢, 4RI TI(H); . VA H 5L B 3(%) -
CC, closed canopy; FG1, 255-290 m?; FG2, 153-176 m?; FG3, 38—46 m>. ¢, decomposition time (month); y, month mass remaining of twig litter (%).
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Fig. 5 Mass loss rate per 30 days of twig litter associated with
the forest gaps and the closed canopy in the subalpine forest of
Western Sichuan (mean + SE). FG1, 255-290 m? FG2,
153-176 m% FG3, 38-46 m%; CC, closed canopy. 1W, the first
winter; 1GS, the first growing season; 2W, the second winter;
2GS, the second growing season; 3W, the third winter; 3GS, the
third growing season; 4W, the fourth winter; 4GS, the fourth
growing season.
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Fig. 6 Percentage of mass loss at different sampling stages
associated with different forest gaps and the closed canopy in
the subalpine forest of Western Sichuan. FG1, 255-290 m%;
FG2, 153-176 m*; FG3, 38-46 m’; CC, closed canopy. 1W, the
first winter; 1GS, the first growing season; 2W, the second
winter; 2GS, the second growing season; 3W, the third winter;
3GS, the third growing season; 4W, the fourth winter; 4GS, the
fourth growing season.
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5 LA 73 5900829, 7% 28.8% 27.2%K129.5%, H.5
VA ZERAE R S s 0 2k BT o L 81 o A 2 T A
S8 i 3
3 iTig

MR AR R A S R G0 K A g e AE 24 5
I ELOK A ) (i [ 5, 1999), 1 H BB AR RE e
T RIS 2 AT, ISR A S REW T
PG L FE(Sariyildiz, 2008; & =%, 2016). A5
SRR A S I P TR N ZE PR T
BEAR (AR A 3, % R A A0 D) i b o T AR 38 K
T/ . SRT S HR AR EL, 255-290 m* AR & (FG1)7E
HEAN 53 S 1) 05 EL A 5 o 1 2 e P55 R B /> () R
TEIARR(ER2). X EREME TR K. LR
FEBRMK 45 5 (Zhang & Zak, 1995; Sariyildiz, 2008)
FHI o FG1AZRIRJE T 45 (1 48 ORI AR R IR AR V%
V53 T FE SRR B KT, T T BIE TR g
(3 598 myEimr, KHIMIIGRIRIAES, W& AR
PEFHA KT N RVE DI o AR o BT L, AR
o TH AR AL I 2 U T A& R PRI B A R R 5

HAT, O AR i se s K 2 2Tyt
AR LR BRI AR RS R EIA) T JE, B0 I iR
¥i(Shorohova & Kapitsa, 2016). AW 5T, WRITHA
W2 PRTE R o3 R4 47 J5 1 T B 40 2R 26 H137.9%-44.7%,
Horh, SBIFER R ERFN23.8%-29.7%. 154
S 1) 5 R R R W N T NS K b T AR KR
(Prescott et al., 2000)F1IE 7 ¥ H AR ML AL (Cha et al.,
2017), {HEZ& 58 14 R B4k 5 R X IRV A 12
TRV B AR A S (T 5, 2013; KT,
2016), H 3% & T i AR R (Cha et al., 2017)
FIE B R EL 2% (Zhang & Zak, 1995). i X fh
AR R (DT REEY R & B B A n %
PEE VL & (AT TR AUSE), 25 Ak 1k
Ve A FRIZR B IS 2R A D BE A R B 2 2 M (e gt A 2
PR TE A SR A O AH o B B B A (Baptist ez al., 2010,
Wu et al., 2010); (2)35 # LA IGRIRAE SRR %€
AW RIS SR AR S T R RE R R i & R YR A
i 2% [ % (Baptist et al., 2010; Christenson et al.,
2010); (3)&Z=URRAE FHATLARBA 14 72 15 R 9% 5 2R AE
IKIGRAE RS PR O TE B AE KT A 5
RN AR (Aerts, 2006); (4)BAKAIC  NFIA
F N A F T8 V& b 55 AR A1 A o & 0 PR B 2k
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(Gavazov, 2010; Shorohova & Kapitsa, 2016; Cha et
al., 2017). 44K, HWFFURREEI (B ANAR I PR8I 22 5
W AT REIE AT BRI R R AR S A, B O iR
FREEFEAT, PRERIAR T 10 50 & 401 2k R AE SR 148 J5 T
06 8 2 PRAIR, X T A R PR S5 LR B3R
e 21 o 3R 55 M B A ) o I AR N 5 & B T (Aerts,
1997; He et al., 2015, 2016). FHULA I, & L ARk
AT AR K =T B 5 1 2 AR A 0 I v LU AR AR A I
PEIAA HEZLRE

JUVE . o L AR T 5 e e SR AR 2%, &= HA

A 35 ) 25 P 55 4 N 3R Rl R (W e al., 2010),

R 1) 1 98 8 B LMK B B8 v 3 (R R B 4%,
2016). — MBI, XFUREERES N IRTE /) R4
I FEAL T 15 IR Z (Olson, 1963); {E K% (1)
LR, S A R ER AL
(Hobbie, 1996; Aerts, 1997, 2006; Gavazov, 2010).
HobbieFlChapin (1996)HF 71 K I, FE¥ b X 7Y
IR EERAEEEIE, F20UE A ES RN
F= o 1) G e L R g L DX 3T A A B e R
B 1AE o B4 2k ) 53%64% L ILAE A ZE(Wu et al.,
2010; S=PRTEE, 2016). SEATHIME B, 441
IR RN, RV 25K 50 AR i & 1) S 4 2R
ON59.7%-67.6% (K6), HAi4&AZ R mEAL
BIHE S TAKSEY., XEEEHTEELMEL
FRARTET I T 1l AR RO R AR AE B S8 A ) e
BB R AR RE T IEA TR TE D) 53 (Aerts, 2006,
Wu et al., 2010). SIbIEIE, WA R 32805 mlg 5 |
T W IR (Varhola er al., 2010) L 2 i FE4 A Wi
1O AR AR KRR R R . 5 — 5,
Olson 1% B X} 8 V& W) 73 i 2 A (k) 4 & 45 SR B,
R AR BT 53 B3k = 0.120-0.135) %
FART [F X P& Pk = 0.201-0.328) Fli i &
R IREL 5 Y0(Cha et al., 2017), T35 #RAK
ME B % (Zhang & Zak, 1995)FERIM AL J7 AR FHHAL
(Shorohova & Kapitsa, 2016). X&KN: S
FHEG, AT L AR R A KA 1)
ISR AE RIRE A R T8 5 57 5 o fif 28 23 T Bl s 1%
fife, AH T H AR =& & R CNFUK T % :N5§
WIGE R =R AR B B TR TE o, S BB SR 10 4
BRI AR A8 T b S A A (1 Bl AR B A 3o PR (Berg &
McClaugherty, 2014). T WL, 4252 & AR
DAY TR B B B, VA L R KR S

FRRMLAE: 1P 3 L AR B R R - R R 35

IRENE .

JHTED o f e — BRI S ) 7, MR
X R VR ) 73 F 1) e i TP 8 T AR /NI g S T
RAEA, XFEIZS ML s R EH R
(A 2 P (Zhu et al., 2015). Sariyildiz (2008)7E 1
HEHCAGHS oy LI AR AR 20 i S B  I, AR TR BN AR
SRR o) R 2 T KA E T IRTE 0 o
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N, WE AR/ NS REY) 5 R AR A &
FHIMR KR, RIKSTEE(2016)1E [F] X 514 1 73 i
SR, A AZ IR TR AR KR IR BB R R
B AT T ARG TR, AR ARAR KR (A ) IR
A R SR A R TR T B0 o 44 1 A S
BN, WE I ARAE IR LR IEDIN 0 iR, MR JEVE
VIR ERE 2R E R THRE, WA AES
(15 R R BB 4), DR RIS W R %
(EI5). SEATBGE 2, AAZRVERR B RE
SR [ REAE 55 146 0 A R A6 K 2 Tt MR s T AR 9
PN, AEARAR TR TE (420 B AR B TR AR i 34 m
EAFERMAZ, MREFIAR T 8 75 2 ik B 2 A0 4 i
R IR F I L 5 Sariyildiz (2008) A K Zhang F1Zak
(19951 2 45 R — BB AL B (MR > FG3> FG2>
FG1), a5k B & A 73 ff s 2 bl 7 i Rr 2 A A2 4k,
WS/ MREEAF R AR EES . —
D71, PR AR K, 2RI RS I R E A
TR T TR, AR P T B 7 o I A R
FNHTI W EARIRES, SRERHRE N R%E
W )T 350 B L AR T R B v, XN TR 53
FRIRAL T 28 R IR FLA XS A28 IO R B, I T
HIER ) R o — 9T, EAEREET, Mokl
T O FEE i 8 S5 38 ot T 56 45 ) V& 0T 38 B B T v,
PRIET KMWE WIVEYI K 76k, TR B ik fE
AT REAR T T E SNV A A= P %o R TE P 1 43
fift(Devi et al., 2012), HEH0H] R &M fREFE . X
HE— U0 B AR T R 4% I PR B AR AR E R 21 5 Ml I 1
LRI A ZE R A K =T VR P o i 2

ZE L RTIR, A2 iR AR I A A (1
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(S5 4 5L R iR PE AR B AR . 178 I vy L £
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