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Abstract: China is the largest wood importer and the second largest wood consumer in the world, and its dependence on
external supply has exceeded 50% for several years. However, the average annual growth of forest per hectare in China is
about half of that in the developed countries in forestry, which indicates that there is still larger gap in tree breeding in
China, compared with the developed countries in forestry. Therefore, strengthening the large-scale experiments and
accurate genetic evaluation of forest trees has great significance in improving the productivity of China’s plantation forests
through the precise selection and breeding of tree varieties. Genotype by environment interaction is one of the important
contents of large-scale experiments and accurate genetic evaluation of forest trees. Genotype by environment interaction
(GXE) refers to a lack of consistency in the relative performance of genotypes among different environments, and
represents differences in genotype rankings or differences in performance inconstant among environments. Existing studies
have confirmed that GXE is very common and often large in forest trees, and it is usually difficult to find consistently
superior genotypes with broad adaptation. Since GXE can reduce heritability and genetic gain, understanding the GXE
effects and their environmental drivers is vital to mating design, species/variety selection and genotype deployment. The
paper reviews the current main analytical method for identifying G XE ( including factor analytic method and BLUP-GGE
joint analysis) and estimating heritability, and compares the strength and weakness of these analytical method (including
stability analysis, type-B genetic correlation, AMMI, GGE biplot, factor analytic method and BLUP-GGE joint analysis) ,

and also reviews the progress of GXE studies on growth traits (such as diameter at breast height, height and volume) ,
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form traits ( such as stem straightness, branch angle and branch size) and wood properties ( such as wood density and

modulus of elasticity) in forest species (such as Pinus elliottii, Pinus taeda, Picea abies, Eucalyptus grandis, Pinus

radiata and Pseudotsuga menziesii) of global economic importance. Moreover, the paper discusses the environmental

drivers that cause GXE and strategies for dealing with GXE in tree breeding. Finally, the future research of GXE is

proposed , alongside development of new analytical method, focusing on multi-variate model of GXE and integration of

genomic selection with GXE. New genetic analysis model for forest trees should be adopted into GXE studies. The patterns

and magnitude of GXE should be focused on multi-variate model for multi-environment trials. Accurate estimation of

environment-specific genomic breeding values of forest trees should be performed.
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MARRAL(P) Z R (G) FREE (E) M HH AR
(GXE) 45l o FHe PR AL 48 AN [6] W) A, 5[] — 44 A g A
FRP IR KR T R o FRIE TS FPAR b o, sl
M) HARIR GG P, bban - 1 g 4K S PR B it
& (White er al., 2007 ) , >4 J& D5 A9 (%) A0 % 3% B 7E 36
S la) R A A i, BN AFTE GXE, P, 78— 3R 8%
RO R A BN BB AE ) — DI P R 2
(Falconer et al., 1996) ., 4, GXE W] 8 2= 5 EME
DL S A B A — S PR N BRI, ol it mp
UL WSS RN T i GXE X AROR & A i i i e B X
RMEHZEXEE,

MA GXE FEA 2 Fp2k A ( White et al., 2007) :
1) BRURZL N (rank-change interaction ) , R 4 K] B 75 4~
[F) 26 58 A 6 HE 44 AN [R5 2) ROBE RN ((scale-effect
interaction ) , R} 3 [A] B [ia] 2 5| 76 AN [m] BF 455 v & HE AR
b AHFE RS HE P A 28 4k . DRI, F5 220 0E GXE (1)
BERREE , DA TH Mo 19 B AR 35t % 1 45 (Muir er all,
1992) o B T 0F 58 N B3 3 28 G 7 S5 TR AL A9 D Af R0 ik
P&, I LUK B ORS00 38 8 B RO R, X TR, JL T
A LR R AR IE TR E B GXE, F AR
¥ (Pinus elliottii) (Hodge et al., 1992) . K AE# ( Pinus
taeda) (McKeand et al., 1997) BXM = 42 ( Picea abies)
(Costa et al., 2000) . F ¥ ( Eucalyptus grandis) ( Osorio
et al., 2001) . %% & % ( Pinus radiata) ( Wu et al.,
2005) . Z% 3% #% ( Populus trichocarpa X P. deltoides )
(Rae et al., 2008) . {¢ i ¥ ( Pseudotsuga menziesii )
( Dungey et al., 2012 ). ¥ AR ( Cunninghamia
lanceolata) ( Bian et al., 2014 ) 1 H 2= & M ¥ ( Larix
kaempferi) ( Diao et al., 2016) ,

WA BFFEIESE  PROR GxE 38 5 1R K, 2 4R 3 A
AT N R R R R A AR R R E . BT L, AR
v T R GXE | B2 3 R X6 B 85 AR b AN Uk
) R i PR AR, B s 9 3 IV R A P B 10 R R A
[F B, % G 5% =X Rl B A9 TR Bl 4 5 Ak a3 1
WL 5 . LN 2 Hb 50 R 43 B AR R R AR 4 b
iR GXE Ay A ORI B2, 5 415 b 480300 7 5 3 1Y) b A

genotype by environment interaction; GXE drivers; genetic correlation; heritability; genetic gain

fofi B A5 35 0 56 DR B DTG 88 o 1 A 7 ARy A st A% 3
% (Cullis et al., 2014) . K, GXE 730 #7 & ik I 47
e FRA T Tl 4003 1 BT 58 4R

ALY T BHETAESE GXE 1% 3 3 5 H 7 i LA
NAE GXE AE N Mgt A% IG5 7, T 2k 1 I 4F
SEEF A GxXE B IR, TS T GXE iy
9K B B85 PR B G X SR B JEEE X2 AR OR
GXEMAFAAE ] R, 32 R R AMROR GXE fifF 5 1) & i (1]
BRI 9 A

1 Afidt GXE BAE 853 #7712

O 7 — 2803 M7 i, A7 pROR PR R
GxE WY JE , £ 46 42 % P 23 (Finlay er al., 1963) |
B 1% {5 40 5¢ ( Burdon, 1977) . AMMI 43 #7 ( Gauch,
1992) .GGE X #r#k ( Yan et al., 2000) | K F 43 #7 32
(Cullis et al., 2014 ) #1 BLUP-GGE Bt & 4 1 15 (&
o, 2018) o JIr A 3 26 Jy ok IS W 2 ok A ROk S
Mo T SOR F A 4L B By KT o B s A
BLUP-GGE HE& 73 Hrids , JFIHAN 1 % Fh GXE WF5E J5
PRV I
L1 EFoihix

T2 MR H , I F 4 M7 (factor analytic,FA)
Y R R Tt T 2 823 23 BT A R AL ) B (Smith et
al., 2001) , JF 4 Ji& Sy 25 20 0 A4 R4 0 3R i 1 2z
(Cullis et al., 2014) , FA #8578 & S F25 & 4]
AF O B 3 (] R, B AR X B T GXE (14 b a1 18] A% 57 1)
4z (Cullis et al., 2014) o N5 OPR R AT B 45, B
Bk FA BB RN FAK,
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XFT s AR5 om A 58 DR BY A 8t A% 0N
FAE BERITT EM R u = (A QI,)f +8(Cullis et al.,
2014) , H A S s < k BT ELRE 1, & m x m [ IR
RLEEFE, f J mbk X 150 (E 5,6 R ms X 1 1Y5EL
MR 2 ) . Var(u) = (AA" + W) ® 1, &
Var(f) =1, Var(8)=¢ @ L, , Hoh g Jys x s M5
W (6 F TR B A PR BE I AR BK O7 22 ), BEWLAON f
e s A FHEMN L um L i, AW
Al LAH] REML 24t
1.2 BLUP-GGE EX& 45 #i%

AR GGE J kA KR GXE M o5, H HZ R
B -7 P05 ] 5 A B [ A5 A A R A R
THEMO AR o A B 28 18] 4 BT ASE A BT LT B
IR0 B P I B st AL PE AL B HE AR IR, ZS T
G3 AT I R PO 38t A% TE AL (9 5 1 J7 15 (Dutkowski,
2005) . i, AR $E T BLUP-GGE Bk & 43
Bridk (FR¥4E, 2018) , H A4 Sy X 2 56 B 4 % FH =5 [
G381 5 R0 AR 4 6 0 SE T AR A R IR A b T
A KAL) BLUP fH, Z J5 5 X BLUP {4 3 17
GGE XUbr 437 o

ARHC BLUP (Y GE TRy

Yo =pt S+ 86, + ey,

ey ARBME; w BRI S, WA i DA
52BN 5 SGy ) AR @ AN LS S5 A 35 PR AR (1) Bl
MLAC HARL N 5 ey A1 25 o ff FH b 3 09 [R5 43 A7 3k
(Cullis et al., 2014) {1l & SGy, RN, X} 1 22 e *H
R Y 25 18] 43 ( Dutkowski, 2005) . Xf 5 £E /Y
BLUP fH#£17 GGE X bR 43 #r , 75 i [ % ML) GGE XL

#r3E (Yan et al., 2000)
1.3 #7A& GXE IR 2t &
198 T M FTAOKR GXE BIFSE 05 325 B A Bk s
T M 3 B 2 e T I 58 0k A LA A PR, g
2 5 2 R AR e SE R A, B AR S AB A G AR 3R
T 2RI EE T HE P AL HE AR Al B 2, R Al B M R
[F) (4 388 1% AH G , I 98 b % 156 b 2E A7 9 2% (AN g
TREART IR M55 7. AMMI 53 87 35 il GGE 3L
T 2 A A4 2 2800 AR E AR 250 A A [ SO IR E
5% 2277 22 Rk N7 ) 43 A (Piepho, 1995) 5 id i 2
T A 5 DR R RN BB 1) AR AR A 3 4 A 48, A
XUbR [ R i AR 45 2 1) fife ¢, e 1 o A e =R B/E C
A L EE RS ( Yan et al., 2000) ;5 o 5 2 A GE Al 55
WAL S, o0 BB AT Ay JIT A 3 560 b [ 1) 35 4%
AR Ak T4 Ik v] 87 29 19 &2 S5 Jy % (Cullis et al.,
2014; Smith et al., 2015) , Xf & Fi i (40358 15 0 AL 7= BE
NI EDRE | B S E I s N 175 T 7 N eSS O s G 5|
Br w7 e B HAE GxXE By ] #9046 77 T He A 55 .
AR ZH 42 1) BLUP-GGE BE 4 43 ik (#2355,
2018) L5 T &5 [ 434 (BB 43 #7775 1 LA B GGE &L
PRk B0 L, BB A RO B8 8% S 40, R o Fa e X
AE AR 200 f 36 R RS 36 BE A 2L T ik GXE,
Zi L FE A B L AMMI 43 BT il GGE SRR 15
REM PSR IR & B AL 5 & A 2 5t 1L 2 8, B A
1ot A% R DG 43 AT 1k X6 R o R i 0 B i 1 A AT e A
B, B LD 43 AT 45 SR 1) A S R 4 T 2% I, 28
F 43 M7 97 ¥ Fl BLUP-GGE B 4 43 #7 v B 3 1
TR 2 IR 85350 73 #7
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Tab. 1 Comparison of analytical methodology for GXE in forest trees

Jrik (=
Method Strength

Weakness

BE T A 5 b B i 7 B S R L

Identifying genotypes with high performance and wide stability

across multi-environments.
R P 43 T 12

Stability analysis

GXE Sy B LR R 5

AR GXE &

A ik V) £ 38 1 O 5
RE ik B8 b Ay 1 2%

GXE is random effect;

B 5 4 4 G
FiiRFS
Type-B genetic Test of significance of GXE;
correlation

Being able to analyze the cluster of test sites.

Being able to estimate genetic correlation between sites;

GXE g [ 52 BN 5

AN T ER S R R A g B
ANREAG S 1 2 5L

RRER R GXE JFH

GXE is fixed effect;

Not suitable for large scale experiments;
Being unable to estimate genetic parameters;
Being unable to show the causes of GXE.

AN B S 1 M A 555 7 RS S Tk R A

N HE Bl 2 A A b ) e AR R R

AN BRI R A e B

TNHERR GXE JRHH o

Being unable to identify genotypes with high performance and
wide stability across multi-environment;

Being unable to identify the best genotypes for particular
environment ;

Not suitable for large scale experiment;

Being unable to show the causes of GXE.




%5

MROCTE bR AR R B 55 B0 85 AR 0 OF 52 7 1 B HE R 145

4 R Continued

ik ¢ B

Method Strength Weakness
BB A 2 5 Hb A A 8 7 R R A GXE Jhy [#] 52 200 5
RE A A 5 A M A B AR SR R A BER B
Identifying genotypes with high performance and wide stability ¥ 5% J5 2% [A] Jifi 5
across multi-environments ; N AR Y

AMMI 43 B 2 Identifying the best genotypes for particular environment. ANEE RN GXE JFEIA
AMMI GXE is fixed effect;

GGE XUbrk
GGE biplot

B T i ik

Factor analytic

BLUP-GGE
W& Wik
BLUP-GGE

joint analysis

B A 155 b 9 iy ™ R B TR Y

T A e b 19 i (e PR 2

RETT AL AL R B R LR GXE 5

AE X T 3 b A AR R R 28

Identifying genotypes with high performance and wide stability
across multi-environments ;

Identifying the best genotypes for particular environment;
Being able to visualize genotypes performance and GXE;
Being able to analyze representation and cluster of test sites.

GxE g BEHLAL 5

FOVFIRIE J7 28 57 I

FOVFRCE R M 1) B T R 2

FeVF A AR LA S AR

AT ) P A Y 3 AR 5 5

e Tl = 26

GXE is random effect;

Allowing heterogeneous environment variance;

Allowing missing data and poor data connectedness between
sites;

Accommodating pedigree to estimate breeding values;

Being able to estimate genetic correlations between all pairs of
environments simultaneously ;

Being able to analyze the cluster of test sites.

GXE Hy BB 5

FUVFEREE T 22 5 5

SOV R | b ] IR e e P 0

FUVFA IS & UGG 3 & R

T TR S A b 5 T 3 A AH OG5

BBl 72 5 BRI 1 155 7 R 2R I

TIB A E o A Hb sl 79 o (B[R 7

BE T AL L R B R BRI GXE 5

A2 T I O AR R R 26

GXE is random effect;

Allowing heterogeneous environment variance

Allowing missing data and poor data connectedness between
sites;

Accommodating pedigree to estimate breeding values;

Being able to estimate genetic correlations between all pairs of
environments simultaneously ;

Identifying genotypes with high performance and wide stability
across multi-environments ;

Identifying the best genotypes for particular environment;
Being able to visualize genotypes performance and GXE;

Being able to analyze representation and cluster of test sites.

Requiring balanced data;
Homogeneous environment variance ;
Being unable to estimate genetic parameters;

Being unable to show the causes of GXE.

GXE iy [fl 5 RN 5

SR B 5

BT 2 5

AfE R R GXE KA
AREAG S 1L 2R

NREHEAT CXE TRl K 5 o

GXE is fixed effect;

Requiring balanced data;

Homogeneous environment variance ;
Being unable to show the causes of GXE;
Being unable to estimate genetic parameters;

Being unable to test the significance of GXE.

HE LU B R TE IR T 7R GXE PR o

Hard to explain the role of the latent factors in driving GXE.

HE LU B E T AE GXE P o

Hard to explain the role of the latent factors in driving GXE.

2 GXE TFitfe J A5 o7 ik

1B 2 1l A 23 BT B S PR L O

Yir =Mt S, + SG:I(j) + ey,

ey HRUME ; w BRI S, N3 @ A MR

W E R 5 SG,p) ME @ DS S5 A N 1Y i
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W 42 db o5 B i fE S (Tsik er al., 2017) 324
/(1
. b
8 4oL 48
A b RtEdr, 6, IR T 2, 5, LN
S HAE ) %, 8. NIRETT .

58 GXE W] AE 2 /> Jy TH R AR 25 o5 52 4% 7.
S— R R GXE J5 25 B REAR T 3tfe J1 5 4
T, GXE AR T £ i s A5 Ty 22 B Al T
— AR T AL S, N, A8 T A s A A B

h2

rh P B AR B Y BRBR 352 4% 7 O 0. 08, T H 7R B 2
A b S5 Ay B 35t 1% 7 #B KT 0. 20 ( Sierra-Lucero
et al., 2003) , BLAM, GXE b 2 34 i B 4 5 35t 4% )
PG o 24 GxXE 775 I, 5 M 83 1Y 388 4% T 8% B
Al B — 84 GXE J7 22 8 R Ak st 4% 7 2%
I H X 4> GXE 2% KB, 25 5 303t 1% ) Al st
& 33 35 5 15 60% ~ 100% B = Al i 22 (Li et al.,
2017) .

PR B 2 R s AL iR RE S L
Z, Isik 45 (2017 ) LLAKEAS IR & B2 83 R ), 51 28 T R
[FE N K R AL AL I, gk 2 s,

®2 AERBEEEBTRERBEANGEE"
Tab. 2 Estimation of family heritability of loblolly pine polymix mating progeny
T HHE 87 2% KA BL I AR 2% SCHK
Trial data Residual error Family heritability estimated formula Reference
T il v
e ! PYRPT Holland et al., 2003
Balanced Homogeneous 52 e _
! s sr
hi o
AT I 2 o PP, Holland et al., 2003
Un-balanced Homogeneous 8+ — +—
Sh oy,
hi o
N2 Har E{ X Lh —
AT R ! &2 1 . & Isik et al., 2017
Un-balanced Heterogeneous 8+ — + — z _
Sh s =y
] Y] ) V bLUp_ditference .
=1 -—— " 1l ., 2
Both Both hie 1 5 3‘2 Cullis et al., 2006

O hi hiy BRFBAEST, 87 61, 8. BN R R % KR GBI 95 BT 2, Virurtrence N ASReml BPE 5347 BT 15 19K & BLUP
S5 2 s or 4 S A 00 M ACHSOR b A 9 B, sy, oy, 43 0 Ml ARORI b S N RO R R B, 87 A L A MUR IR BE 22, AER

A Hi N R S R0 T RN A h% and h?c are family heritability; 5% ,5?0 and 83 are family variance, family by environment variance and environment

variance, respectively; Viiyp gifrerence 15 the variance of the family BLUP differences obtained from ASReml analysis; s and r are the number of

environments and the number of replications per environment, respectively; s, and n, are the harmonic mean of numbers of environments and plot numbers

Cp- . . 2 . . . . -th . . . . S
within environment, respectively; §; is the environment variance within the ;" environment; ry; is the harmonic mean of the number of replications within

-th .
the i"" environment.
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Cf &M EELTRF GxE DRI i, K2
BT AT T AR AER AR BT R B GXE, X A
MEEEMEERD GxE it T — 2 &,
Robertson (1959) Ay , it L A = 0. 8 I, GXE [
55 ; Shelbourne (1972) #2 i, 24 GxE HAEJ5 241k
BN 5 A% Jr 2209 50% LA b, GXE HAEA 23 X e HE i
Ui E RN 3 A
3.1 EKMHEKHE GXE

— R, MROR A KR 8L T LRI
FHIH S8 2 B ) GXE fEE . LR 5
P B J A2 PR A 91, RO S, 10 A b 651 BUF) 2% 58
RIS 45 B WoR AR GXE AR 22 58155 211

FEfE K T 0. 50, 3 5[] 19 358 1% AH O 0.39 (Wu et
al., 2005) ., Ivkovie 25 (2015) R 38 , %% 5 ¥ 20 4~ 4=
il #5243 1 v, AR ) RN 35 A% A OGIE il D 0. 51 ~
0. 98, Horp 3T — 2 19 352 15 AH OC(H 5 58 2 A & R 4K 1
WERE,FHE N 0.35, A # Ay, Baltunis and
Brawner(2010) 4238 , 48 51 48 0 14 28 B0 i 422 7 0 KA
S A R b A B AE AR SR G X E T 7R BT PE 22 R A
RAEWFFEUESE , 58 55 W B Ji A VAR AR A [7) 3 4% 4R
AN )50 A AR5 A% A O 22 S LR (W et al,
2005 2008 ; 2010;
Raymond, 2011; Cullis et al., 2014; Ivkovit et al.,
2015) , S e 1 SR 10 e A8 R S H A A A R 1Y
GXE, ALY M 42 MR G xE A& K AR #4 ( Zapata-
Valenzuela, 2012) Ji #i#% ( Hodge et al., 1992)  4&

Ding et al., Gapare et al.,
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JHEHS ( Dungey et al., 2012) BKWH = 42 ( Costa et al.,
2000) . ¥ #% ( Eucalyptus globulus ) ( Costa et al.,
2006) %422 4% ( Populus tremuloides X P. tremula) ( Li
et al., 1997) 2 K (Bian et al., 2014; Zheng et al.,
2016) F1 H A & 424 ( Diao et al., 2016) FhL 47 il
WAk, A BFSEHTE T HAG A R B B35t 4% AH
K, et A B {E 38R 0. 27 ~ 0. 84 (K AE #4y, Sierra-
Lucero et al., 2003; ‘K 5 #> F1 12 # #), Roth et al.,
2007) , 44 5 B9 B 3R 4 0. 18 ~ 0. 95 (K JE A, Paul et
al., 1997 ; 5, Gwaze et al., 2001) , FikHF9E R
B, % T AROR AR K AR TE A AR R 1 GXE,

X T AR, 76 10 L # ( Dieters et al., 1995) |
K HE HY ( Gwaze et al., 2001) . € & 5 ( Zas et al.,
2003) fZ A (Bian et al., 2014; Zheng et al., 2016) I
H A& 4 ( Diao et al., 2016) H 34 % 3 1 550 6] 1) B
35T A% AH OC AR 1 185 47 1 0, R B GXE R0 el -1
BERS 1 T R, DAL 7 30 A4 K 0d X B i G XE B
fERTREA AT AE . Lin 2 (2013 ) 75 55 55 AR A [R] o A8 %5
JERE N & B4 5 R AR B R 1) BAE DT 22 (GXE) 5
A% T 22 0 e AE A 7 0T Bl A5 BRI 14T i, 21 10
A IR W (L, AT 5 it AR R T R A 3l ik
— UL CXE FZAEAE T RS A 1 A K R B B
3.2 WERMERKHE GXE

T i S MORF R b i E = R
91 e L R 0 A PR R S RO T A Y A LR
FH K (Tvkovie et al., 2006) . & i MR ) GXERR JE 7E
ARG 22 Aok . B AT HIE /I B R 9 G xE
WEFE EER A ARSI, H 2 B 58 il h e Bk AR
B GXE /KA, 045 38 B & (Johnson et al., 1990;
Pederick, 1990; 1991;
2012a) /K% A B ( Gapare et al., 2012a) 43K K /)
(Pederick, 1990; Gapare et al., 2012a) 143 4% >J 1
(Johnson et al., 1990; Carson, 1991) . #R M 7E K K
RIS 5 P4 = 1 8 43 b DX b S S R 1 R RN
IAREEL(Wu et al., 2005) L) K38 H JE ( Baltunis et al.,
2010) ) GXE /KF-& . M4, Gwaze 55 (2001) & 8
SRR B EEFE A A GXE K15, Suontama
Z5(2015) WARIE T A1 4% ( Eucalyptus regnans) 53 ki
PEIRTE B 76 22 19 GxE K-V . Aid, Dungey 45
(2012) A B A6 T A 1 38 B B A F R 55 b 2 09 HAF
FOKAP R ABAER IR N K AR S R B AR BRI
3.3 MiEMRE GXE

5 ORBE B VAR O B R AR AR 15245 7 th
I GXE 7K -3 8 B, 49 40, A AF %5 BE (KA, Jett
et al., 1991; 5 #%, Muneri et al., 2000; 7 i ¥},

Carson, Gapare et al.,

Johnson et al., 2006; %34t #¥5, Gapare et al., 2010;
2012b) ML B (FEREAR , Dungey et al., 2012; 44
SFHA, Gapare et al., 2012b) FA 5 A& 16 PEAR ( KCHE
1y, Westbrook et al., 2014) , X Mk 1) B B i 4% 4
IR #5 R] 35t A% AH OC BE AR EAR KT 0,80, AR, E
B ( Eucalyptus grandis XE. urophylla ) Jo Yk & K ¥
BTG 4 b S A) GXE AR 2% (Lima et
al., 2000) . Lin & (2014) i i 58 55 FABR 10 41 % 2
9 B B35 A5 AH 5C W35 A, T 20k R R R A B AR
J& GXE WIZKPAIE, BEH CxE 7T 68 78 5 5 #a i 7. 19
MR B

IRORTRI MR 59 BB 35t 15 AH OC B b 8] 5 A%
MG EAR G w3 AT REIF R B GXE 1y H
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SV 2 1 MR R TR R R S R K B R AR R
A s, XA ORI AR B G x E BT MR i K
(Rweyongeza, 2011) , HZKZEMLTF 3.2 CHIH
YU i B T BRI = A2 GXE 1Y 27.8%, H 5
FA BRI RS 1 AN P SR A G, R W35 2 i fk 22



148 LA SR 55 4

FROR R AR E A BRI = A2 0 GXE Y 32 29K g
F (Chen et al., 2017) ,

WAL, 5 R R H 2= A 9% U0 OC & Y i 3R
FAEEY P W AR B AR AR B GXE B T 7E 8K
SRR . BN h V& HHE 51 E I GXE B2 — R
S B 55, DR A i I s R R O HLAE
i AR DA A 1 B T AT LA S8 A R ) Y s T R R
FiAE K 2 % (Dungey et al., 2012) ,

5 MR GXE [ R 5 s

AT, GXE X BROK & R 1) 3 B2 5% i) 2 il
BROITRIE Z2Mk . GXE 2 52ma k£ 1y fE 1 25, oA
BREAL T B 2 a5 B3 AL )y, Sierra-Lucero 4§
(2003) & B, X3k 1 B85 14 KUEAR R R AE X IR 2 v
BC B, 5 BOR2S BA BUAR 2 3 0 D 4% ~ 8%,
U, 2B TR T 2 b 2 ok B X AROKR ) GXE
1) BEFR 5 22 b b o R A FE R R 2) e 430 1 b o e
3 7 ) B PR A D) de KAk 5t % 34 25 (Raymond , 2011)

MW K GXE (1 B SRR 2 1 R g 2
W . 12N B RS BEE P T R SE R A DR A
far 5 . MR FE (Ding et al., 2008) i 74 >
(Carson, 1991) f 45 5 #s F1 & [ /) K HEHA (Paul et al.,
1997) ¥) GXE W} 5% #E 72 fiff F 3k P 5 Wk o 61 o4 11 2
22 B0l 3 b R mE (DT A, 1991 A M 4R
2000; ZEAEHAE, 2013; XIGE4E, 2015) o X Fh AT
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