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Population dynamics, spatial distribution and control of Tuta absoluta
in the Taigu Region of Shanxi Province

£
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(1. College of Plant Protection, Shanxi Agricultural University, Taigu 030801, China;
2. Shanxi Plant Protection and Plant Quarantine Center, Taiyuan 030001, China)

Abstract [Aim] To clarify the population dynamics and spatial distribution of the larvae and eggs of Tuta absoluta in the
Taigu Region, Shanxi Province, and to optimize the use of sticky insect plates and sex pheromone lures to control this pest.
[Methods] Different combinations of pheromone traps and sticky insect plates were hung at different heights in a greenhouse
and the number of insects captured in each trap was compared. In addition, the spatial distribution of larvae and eggs on
tomato plants was investigated using the "W" shaped sampling method. [Results] The occurrence of T. absoluta was highest
from August 28 to September 4 [(404+8.63) ind./7 d] and from October 9to 16 [(373+13.28) ind./7 d]. Traps hung at a height
of 0-25 cm captured the most adult T. absoluta; up to (133+£6.56) ind. over 7 days. The color of the sticky plate used had a

significant effect on the number of T. absoluta captured; traps used in combination with red sticky plates captured the most
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[ (1 017£39.12) ind./7 d] and those with white sticky plates the least [(80+9.49) ind./7 d]. Larvae and eggs were mainly found

at the entrance of the greenhouse in the initial stage of infestation, gradually moving further inside the greenhouse as tomato

damage increased. Larvae and eggs were more widely distributed in ventilated areas at the edge of the greenhouse and less

common in the central aisle. Larvae gradually moved from the lower part of tomato plants to the middle and upper parts,

whereas eggs were mainly found in the middle and upper parts of plants. [Conclusion] Control of T. absoluta in greenhouses

should be focused on ventilated areas on the sides of the greenhouse and at the entrance. Deploying pheromone traps in

combination with red sticky plates near the ground can significantly improve trapping efficiency.

Key words Tuta absoluta; occurrence dynamics; spatial distribution; sticky insect boards

v ik Tuta absoluta X 44 75 i 18 22 1 |
F oM Ak, Jm 5 H Lepidoptera 7 1 B}
Gelechiidae, J&—Ffiflt FLrk | R vE AR FH R
(Desneux et al., 2010), HEIE&LTELERERF
FMH 90 4~ FEZK KA ( Desneux et al., 2022 ),
AT A EAE YIS R, Ao
3L KRR SRR Y, HATC A E
YA 9 B39 Bl (ZRBR4ES, 2019), Horjingt
Y2 FE o, JCH R 2R FEEhE
A EREP I RS, G HUR AT DI A B
PERIE B, TE AR A B R, S8R5
a5, (e FHEMOCEIENSZI, Al AR,
SOMA SRS T, AR SR LR A (£
HAE, 2022), EARPIGRT, FihvE el
18 T T AR IE 80%-100%, BEAEXT Tk [F
e Ml i B 2 B P % BT 822-4 190 147T
(i = k5%, 2022),

FE v e e AR, IFAE 20 T2 60 A
ALK RHI T N EZ (Desneux etal., 2011 );
T 2006 ELEVHHEAF 9 & I ( Urbaneja et al.,
2007 ), SRJ5EIER M T ( Desneux et al.,
2010 )o P15 it AN BT LA K IV 9 1 2% A W
EHT I Z AR, AR T 25T I A Y b
XAy AR #E £ (Han et al., 2019), 2017
AF E T BT R AL X R K & BiZ R ( Han
etal., 2018; FKHE:ZFEE, 2019), 5 NEARHE
KREE (RS EE, 2020), 25 LG5 5
JHANPU)I S (B BR, 2021 ); 2021 4F 6 H,
FELLVE AR R R I A v i (JoE 4%,
2022), FHAERESE B PEA & BOZ IR E AR I
HR I S A b DX 2 0 T I P S R
MRE A 4 °CHE, 4 U /£ 2U%( Biondi et al.,

2018 ); RIMHAE 0 CHEE T WA 50%M Mk (£
FE4h g AR ) FERE 11.1-17.9 d( Cuthbertson
et al., 2013 ), IIPGEFEAVEY KR Z Az K
P, &R R TEI, IF AR
AR TIE RS, SRBFSHRER. B
T, X T i v e £ LL VS A8 RN & AR Bl A
& E g | A5 18] 40 AT RNk 40 B 458 55 T AR I 9
RS, WEIFRRKHARSGHA, HRHE
h FERERE R BRI, PR R L A8 A i e 4
Tres,

2= BTG A R B TR RS, WAL HL
AL O ) AR (R v ik i e
B, K )R A 2550 5 8O E E Ah
XoF 4 TR 28 I R S A5 2 A 2 ) A T I e
25t (Guedes etal., 2019; #AA%, 2023 ),
I, mRFIRRLE G ARG i, 1Ak
TP 0k A A BRI A BRI A
RS o PR AT ey, KRR FIPE (R B R
A A, R BiE T R T B
Z—, I ELAE T A AR B T ROk i 2 1 vy
( El-Aassar et al., 2015 ), 5&5utk~BiiatH L,
BTG B R E RS HEA SRS, [
AEFESFER AP (Ma et al., 2012;
Reynolds et al., 2016 ), KFiFHian 5HG Btz &
A, P R 6T T i v Y i . ISR
FEA Rl AR % B €0 L R L S i A A s
R RS MIEH SR (Sabbahi, 2021), A
U, ARHIF S T XAl AR AT 1) oo B S LB e
T, ki ERiA T %

e & AE ShAS RIZE A RE & Je v, L B
FE R (B 12 (] b AR A 0 . R HURY Hh A FTBE
T2, B Y BRI B4 T RN 3 AR 2 5 i e B



- 722 - R B H1 244 Chinese Journal of Applied Entomology 61 %

AR TP R AR RS AS I, W R A 2R
SHAX H A F ARV PG BA EESENE.
A AT L PG A5 PP T RS i DA I A R B,
TES I I DRI N A A 38 A R 2 (HHC R 35 0 2 1]
AT RO AR A AR 25 0 AN B o AR SR i
ARV I i 4l R B Ry s e A, ISR R A
B SEE F, FHRII AR S A S A
J3E T AN ) B G R e Al oS 7 Tk P 375 il R 1
SN, G A AT 5, U O At T 0
2k (0 1 12 S BE R AR TS LS %

1 #MREFEZE

1.1 REEHH

P HLA T I P R X E R E R
Ao X AR A M 7R Y HE b (37°46' N,
112°52" E ), V¥l 1 098 m, Pk E
397.1 mm. KR E R, AJLE, ARPEm
K 50 m, 30 m, jREGHLEA 35 hm®, EH% 3
A HUERE KM T A BT 6 H T A
FEAR BTN

1.2 R

A, FUAE R 25 cm x 20 cm, ZitA35)
M EmA, s, Jf EEMOa, WA
A6 B S U5 AR MR B A A BR 23 ] 5 v
i SeRr DS SER DI /N R Y & k- ]
Bk (o) AERHEA R A H] .

1.3 REAH*

131 FEHBHEMBLZENTEN RAE
R B S YEE S G (PRSI ERZZ 4 T i A
R OB IE oG ) 54 A AT 0 o R R R L g
b1 Z FIE A A T e O ok 3 7 0
TR AR 8 H AL 8t v JE AL PR AN [R) 2B 1 B B
PEATIEE, A 2 R R ARUKF IR 9 mo BEEIC
SR A AR 0 R AR, RS AN R B
REEAY 7 d FECR TR A IS IE . 1
7d SRS AR, B 30 d SRR, AR
AR 6 RSO, AR —4, JLE A 3 AR,
Wh3HER,

132 EfMEMEHBARNTESHAE =
FFHGE (2021) L, KRIE538 34
Xk, 2 XIRERE 2.5 mo 3 DA X B EK
R 30m, ETEEEN 15m, BPNRESRE W
TEX Sk 5, FA X 5 AN, B E
1,2, 3. 4 H1 5 FrRORIIALE, LA
A5 BRI, TN EMRE (B 1); R
FE b R EREENLA L 2 R, il sk
ML, R L IR RO A g, SR A
3ANKMR, &k 3 AR, JHA R E] [ RS A
R RIS, 2RISR 0 B4
57 d AR,

A0 4L Entrance N
A
X1
Region 1 ’
25m {_ 2 E
1\l 5
X2 3 50m
Region 2
2 4
25m {
-l 5
X8k 3 13
Region 37
2 4 v
| < 30m > |
Bl BEXMHNAEITESfF

Fig.1 The spatial distribution of survey site
in the greenhouse

133 Xtk AREESEMBAESEENIERE
MR ORI OR AR S YEE S A BT M
ISR B, s O k22 TR E L, R
WM AR EERE L PR 3 R R A
R 30 BB, B 160-185 cm, AP
WM PG EE B A 160 cm, bHSIGEEES
HuTfT 185 cm; HiR: EFEFEE 70-95 cm, BPEE
BT EBH B B HO T 70 om, b 330 SRR B 1 T
95 cm; Fif: BHEE 0-25 cm, BV T8
SR BT AT, LR 2 B S I 25 em I
ORI & — R U h— R, ILREA 2 4
KR, BAKM 24, Wik adiHER, F7d5
TF— U T i v e g b B

134 FLEAEF @ RES EFSFHIR



434 FOREE: 1L PY R AT DX A Al v i e M i A A sl s L s il oA S LI e Byt - 723 -

¥ 6 PO IRG b (A . SRR . Sl
FIRR . SRR ) STEFSA S, BEHEHT
HTH 0-25 om ZbCAS HUBR T ¥ 30 Zx e T Hi T
EBH SR B M 25 cm ), fEMINTRIR Z FIE
B AR 6 NS R Efa Rs b, 1
R AHER, HEA 3K, R3AER, &
7 d SIS R BCE, SE s,
RS AR )57 S ARG HOAR

14 BESITSESH

P B LS Excel 2019 235, i SPSS

25.0 HEAT R R 2 5 B/ B 2R

( One-way ANOVA, LSD test ) HHEA 56454k Hil
] () 22 5K S, FH Origin 2022 241 5 3

2 GBRE59H

21 BHBHEFELZEIDE

20234E 6 H 26 H&E 11 H 20 H, MHEEK
B PR 2 s i s R AT B A I . S5 SRR,
BUORTER A EAE 2 R AkA, T 7 H 24
HZ 31 HBB—DEAE/NEE, fagok
(82+45.84) 35 M 8 21 HIFA, mulhkiEsa
W, F 8 H 28 HE 9 A 4 Hik# g,
BB IE (40428.63) 3k Bl AEESCRE TT 45
TR, H7E 10 H 9 HZE 16 H X HB—A/ N i
[ (373+13.28) 3k]; ZJ, FhEEEEHOOHG T
e, BB 0 (B 2),

500~ e & JF Temperature 430
g Al M —— BifRE _ %55
.—css 400 | « - -.‘\ Toral moth trapping amount %
Eg 4120 é
X & 300 f g
X § 115 &
s & 10 &
& & 200 [ 1 ~
% E &)
e 13 -
T2 100
= 1o =
8
o
= 0 -5

bﬁ’b(\?’)\'@ N %\%ﬁ X A ab (AN A '\:”Qﬂ'@ k) ,.,)Q\,‘o XD D

«I «I /\I %I %I %I ql ql ql Ql \ \\I 4 v
H#1 ( A-H ) Date (month-day)
2 BBMHHEAMBELEDITREETK

Fig. 2 Population dynamics of Tuta absoluta and temper ature changes

22 HIMEH LS REINZE ST

221 ARERBLHHEMTBEE  FinEknt
U 4y A S AT 2 A AR TR KA 1 Ak X
W1 F7H 31 HBB—/NEg, ghdsoeh
(168+8.84) 3k, T 10 H 9 Hikfxmlk, HE
9 (295+6.81) ko Bl X Z AR R FH N E

LS Gl NN R S s A v - A I W i}
wEMIXE, 9 A 25 HAFERM™E[(360+£10.97 )
3]s Kk 2 WERERAM, e T 10 H 9
Hikf el (235+£6.57) k] (& 3-A), Finvk
0k B0 1) 37 A 35 0 HORHARL, i 30 s e A A
A%, EME)S, X3 5™

B, DI 2 7 O i — LA D X8 1[( 251+8.89 )
0] XK 2[( 234+8.72 VRLTFIIX 5 3[( 332424.63 )
KRB ERES T 9 A 11 Hikf g (K 3-B),

222 HEMEMESDBARIPHKESE Fib
TR KSF-3 A s, &) ORI 1 R 3 1
KWk Z , HUORTE 2 A XA Ak
() 5 DX I 2 40 o 70 R 300 G AR Aok v ] AT 38
RIEY 3 A XN E S 4 R R 2 X 1
(530+8.33) 3k, X 2. (394+24.32) 3k, X
B 3. (616+15.86) k15 i 3 M4 RgE[IX
3 1: (240+£29.23 ) 3k, X 2: (192+£19.94 ) 3k,
X3k 3: (274+7.69) k] DFHA 4 M7



- 724 - L L HL 244 Chinese Journal of Applied Entomology

61 &

A400 T o el Region 1

o-- X2 Region 2
-4 X153 Region 3

W

S

(=]
T

200 r

Sghdd (k/7d)

Total larvae amount (ind./7 d)

100

1 1 1 1 1 1 1 1

SRR XN
\\\ N

% Q
Date (month day)

9
H)

0 1 : 1 1
b‘ N ’\ Db
ARSATAD & PN
H#H (A-
B 400
—=— [X31 Region 1
< «-- X182 Region 2
% 300 |t [X12}3 Region 3
/—\'E
)
<&
iﬁi—‘
vg 200
i §
= »n
= ep
m Y
s 100 -
o
[l
o Lt
‘\ bx '\ b‘ \ %
AN ,\'» %\oo"’oo“’

B3 AERXEEMESHEHELSE (A) I (B) WELER
Fig. 3 Trends of Tuta absoluta larvae (A) and eggs (B) in different regions

(P<0.05) (Bl 4: A-C)o ittt gk 5p A% 7K1 53
M, 3XKEH, KL% i %,
i 5 PR Z[IX 1: (410£9.07) ki, X
B 2. (331£5.36) ki, X 3. (461£17.64) Ki],
HYOEAMR A5y A% 3 BYBRE[IX L 1.
(168+8.19) ki, Xk 2. (152+13.86) #i, X
W 3. (173£10.50) ki) &/ FHAh 4 MMiE
(P<0.05) (Kl 4: D-F),

223 EmMEBEHBEHBARIPNEEST FHih
TR 1) T L AT AR SRR B, Bl T A R
G EN IR v - A ) e S R 0 18 SL 1 S R Wi
X 1 AR AR g g T 10 H 9 Hik®lms
e[ (186+8.37) 3k]; X 2 Hikk FiBahAE 9
H 18 H[(121+18.26 »k]1H110 H 9 H[( 136+8.41)

KA ERE; X3 R LERAI T 9 H 18
H[(179+8.89 ) 3k1F1 10 A 2 H[ (192+5.13 ) 3k]
FER™ENE S A, C, E). 3 NN FNH
g B B KR 2o A fEAa bk B, 5O ER R
A BAEYE . 75 3 AN XN, HEE LT 9 H
11 HOP ki m [ X 1: (12949.94) i, X
B2 (114+4.36) ki, X3 3: (161+6.89) K]
(Kl's. B, D, F),

2.3 AEEERBREMEFEFHER

X O AS [ o B Rl HROA AR 35 e 2 A 175 Jil 2
(A OB R, S5 3R B, Rl BRI B T 0-25 em
A RCR AR, Y REAR AT 30 2 0 vk - g
(133+£6.56 ) 3k, 5HAh 2 A~ 2 BIAE7E B 3%



434 TREE: P A X T v A B e A= shas . S 1) oA B H R Bi TG <725 -
A ~ B ’é? C S
E 600 - a .é 500 2 g 500 .
~Z 500} b ~2400 | & 400
g be =p= 2 b & 2 e 2
™ 3 400 } c 25 500! Z & 300
g 300 | d o B H i § b
ggzoo- =220 d = 8200}
S5 B 2100 | 4“3»5100»
= 100 ~ o £ Je
A g £ o
o] * + . * . o . . . . . . . .
= 1 2 3 4 5 = 1 2 3 4 5 = 1 2 3 4 5
D {3i B Position E {3 B Position F {3i & Position
£ 500 E 700 1 . £500 2
,\@400— %5600' ab be /\?400' b
®E b 2 73500 c 25 b
Z 3300 g L Z 33007 c
o . b i § 400 q oy ‘
= 200 [ d £ 8300 [ = 200
o 88 R 5200 28
R & 100 [ o I W 100
= = 100 =
- " L s L L *6 L L L -~ N L N L N
e 09T 2 3 4 s = 0 1 2 3 4 5 e 0T 2 3 4 s
{3 ‘B Position {3 ‘B Position {7 ‘B Position

4 FEFEM L HMIPKFESHIES
Fig. 4 Horizontal distribution patterns of Tuta absoluta larvae and eggs
A, BAHIC. XER 1, 2 F1 3 (4 HUKF-o04i; D EME XK1, 2 713 f9BIKF- 40
A AR/ NG FRE R R ER B (P<0.05, BEREFZ0ITE/NREZEE ), TEFE.
BB AR BR B 10 20 30 4 15 2350 3R KM B IXCIRE 1 5 > A
A, B and C. Horizontal distribution of larvae in the first, second and third regions; D, E and F. Horizontal distribution of eggs
in the first, second and third regions. Different lowercase letters above bars indicate significant difference at 0.05 level

between groups by one-way ANOVA, LSD test. The same below. The horizontal axes 1, 2, 3, 4, and 5 in the figure represent
the 5 selected survey points inside the greenhouse, respectively.

P22 5 (P<0.05), FHEMBEMEESHE B, BlERERARE (P>0.05); HRM
70-95 cm Fl 160-185 cm {5 BEAY 3.2 F1 16.2 % AR RZE (K 7).

BEEREEN 70-95 om HREHUNR, AR K i

(494524 ) Je; BHEEEN 160-185 om (g 3 IR

b L o SN
WA BOR 2, A ME (1244.38) T 7 A A R 2 T L 1 52

LR 6. — CIRREZESE, 2018), TX AR A A
24 FEBEEBREMESEERAR FIFRLEY 8, 2R BT , 40 3% 10 7 i
I 6 ORISR AR By CEMERERGTL O SIS, 2022). Hif
I R . AR AR GO LTRR (1 017+ e PO/ NELRICES dy, GERESE, SRR
39.12 ) Sk > M ( 506+43.90 ) 3k > ¥ Ht FE HXEDIMER . PPN, SBA TARHOR T
[ (253+31.32) SK>4#MR[ (206+7.81) SK>HHR RKHR .
[ (202423.68) kI>FI4R[ (80+9.49) k] (% TR UG 14 3 2 PR3 D 38 R 2 T R A
VR ). SO IR AR R it ey P IIRRGE . AT AR SRV AR AROCRR B
FHAG R B (P<0.05). Fikcn Rty DT (Cuthbertsonetal., 2013), 7FF
B 1.67 4%, BWEAA 2.4 £5; 20K B 7e 5 W5 4R R FH P R B AR T 4 ) I A i) A 3 0
SRR BN, SERAMIR LR AgE  (Tores etal, 2001), Hi FHEIHTEKLH
(P>0.05); GH0. HEHRICIRAO At EAT 3O, ANIRLH DR At i 1 242 2 h A AP AR



+ 726 -

o FH RS B 244 Chinese Journal of Applied Entomology

61 &

K25, #ln, Tabikha 1 Hassan (2015) & ¥
Fomms ke IR LA R A 11 R, B BRI

A, 6 AikEImEIE, 11 Hifike
TR Wk 1) K A Bl AR N R A B B TR A AR
TR AR
WeHT g 2 LT ER, 9 AMBERE,
Awad %5 (2018 ) HI He %5 (2022) fIRF5E4%

A _ 200 [ —s=— |3 Upper B _ 140 r—=— |3 Upper
3 -- e i Mid E1207
%; 150 s F & Lower $@100 -
& | Z& gt
i S 100 )
=% e 60t
L B g
@g 50l P z8 407
Z . } A ",,,A; £\ § 28 _, " ‘ . \g‘\
N v NS ‘J Q ") IS ’\ \ N ‘) q SO
««@@@hqw S “’WQ@WQW~QQ
H#1 ( H-H)Date (month day) H# ( H-H) Date (month-day)
C _ D _
_ 2007 o E-3 Upper . 140 —=— |8 Upper
3 --e-- B Mid £ 120
Q% 150 ...a-o. T % Lower ~ By 100
3 2% onl
nﬂ;ﬂg 100 -3 ™
=% Mo 60r
HE sl §§ 40y :
RE E 2} 14
z O ) : 4 N Z 0 . . )
A \ b\ el q ’b b N\ o WX ‘: 9 > o
X /\G’oo\q;\'o, o,q' % A\’ '\%‘b\'%‘»% QW (b\\
H#4 ( A-H) Date (month day) H# (A-H) Date (month day)
E _ F _
200 - #6 Upper 180 r—— -3 Upper
5 — ‘ 2160 |
ki --e-- hE Mid ‘5
~E 0L L Lower ~ § 140
£ 100 oy
kot b
HE 50 2
]F -
Z 0 e Z

RIS \60;%
APAT G PN P &Y

H#H (F-H) Date (month-day)

H#1 ( A-H) Date (month-day)

5 BEMBHBESHRINEES GRS
Fig. 5 Vertical distribution patterns of Tuta absoluta larvae and eggs

A. CHIE. X1,

2 M3 A E s B DAIF X1,

2 i1 3 B EL A

A, C and E. Vertical distribution of larvae in the first, second and third regions;
B, D and F. Vertical distribution of eggs in the first, second and third regions.

AR WA

AR, v I T R
5

FHARL o 33 AT T PRy ol B g 26 73k T - ) e
WAL, A AT RITE SRS K, &

B3 AARFTNAA 340 MOeAedE (2021) H BAECEEZ .
00 320 3 [l 2 g 8 e o T 7 kP gk e A 2 ] TR g ) 25 () A PR AL SR R, 2R

) 3 53 A1 Bifi A Sk 3 R im0 T AR T S
] T RS , 0 A R X B ) 3 L0 AT R T
BN, FETEAR A, AR,
T 7307 VR P i T 5 AT ) T R A R
HERF= DN ( Leite et al.,

1999; Bl K- A= yT.5%



7% ()43 A S e H ] By 36 <727 -

4 1 ERREE: L7 R b DX 2 30 0 - e e e e A B A
= 1507 —3160-185 cm a
§ B3 70-95 cm e
< § 120f ©X10-25cm a
S a A
KEZ 90t a
I 58
&= —,g < 60 b
K E
Mg 30
o
H

a b
I AN
c
bbb NN ¢
0 L 1
828 9-7 9-14 921 9-28 104
H#i ( A-B) Date (month-day)
B 6 R[ESEMBERMNEFET
EEM N TR E
Fig. 6 Number of trapped Tuta absoluta adults of additive
trapson sticky insect boards with different heights

2021), HARZZ4H R RO LY Re e | i
H =P ( Anastasaki et al., 2018), XFEHATEKR

1200 - mm %47 Blue board
= [ A Yellow board
T 1000 B £tHR Green board
B [ E#% White board
- *g 200 | [ 44Kk Purple board
] B #1#% Red board
X E 2
~ o
e a 600 b
Bs 4000 b
g b ¢ o
= cdbcd cd®
5 200
= d d
0

10-1 10-8

a

A5 2 A s P A= G ), ) 30 T e g ] 7
BORMEC N F I B 00, J5 RS B
WD, P IRER A 3 B TR R AR R 1Y
Bl R AR N, LA AR R A B IR AL
AR N o K TT A3 A AS SR i, 4 UFE R
SUAEZ S TN TR AN U R CIBUBTERUE S i T 7
A BRI A S Z A, Martins 45 (2017) ffF
LA, T v I BN 1) e R AR A E il
%, SARMREE AR XA IS AT e AT
g 1A BE M ST R, M SR ] TS — PR TR
JRFERR L #E47 7780 ( Martins et al., 2017 ), L4k,
e AVE Y B B AR T SOME U AT RO A
8, DA B9 149 43 A 1] RO Co s 080, 52 M 4T
Wi o

10-15
H#1 ( H-H) Date (month-day)

10-22

B 7 AEEE RN R F AR A S =
Fig. 7 Number of trapped Tuta absoluta adults of additive traps on sticky insect boards with different colors

V(G B R EA L E | YR v e B ik
PEMESEE S, BRI AR S = AR Bt Rk A%,
2023 ), {HMEAF B 2R A RN 5 BEAR X 35 1
PRI EREE, B kB ACRE IR A, B —E/
JAFRYE (Megido etal., 2013 ), Kb dibiF A5 2]
FH B HOSREE OGS e, O R IR,
AR, ToT5 g H e 8, Gefs A 805G /MY
T G ER SR RS G, WTRRK
RELFE by IS 9 T, 48t v X6 38 a0 Vs P iy s 0
FIBHIRRCR, B—FhE Ry B M S e B 45 T Bt

X AN TR) v B A OB A SRR A T L, 4

SRR, KGR BRI, SRR T,
fE 0-10 em =L, FHERE ., WHEITH

(12021 ) XJ A 7] w5 B 175 470 0 175 1 200 1) 23 A S
A KA T T, A RCR B 0-20 em>
60-80 cm>120-140 F1 180-200 cm ), R4ZW %

(2022) AFFEFRI, AS[AEH & EE AR
KK N 40-60 cm>90-110 cm>140-160 cm, H7=
SR ZARIEE (2024 ) UK CE FE AN TR
TR BE R I L T b T - Y75 0 0 )
= 30-35 cm A1 JE 60-65 cm ALFEAY 1.491 £%
F12.485 15, AR, SR Hh 0 A e
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3ot AR 4 e 50 0 b e 1T 2% B 4T ( Ferrara
etal., 2001; Mahmoud etal., 2014 ), & ixFh
PG 1 SR DR T i 5 7 v et gk i R T
T AT LR A b T A B 9 AR 3 T PR G (iR 2%
22021 ),

X EE A [R] 2R BB (R AR R, 204
R, BRRZ, BUCHIEN, ABOEH
Bomdb o BRI, [ PN AMIIFGT 35 AR R] 25 Al
M 8RN 2 RAN S AH IR, Taha 55 (2012)
F1 Polat (2019 ) idad HI[ERLS, & HLL RS H
AORT 2 A S A | g K, A SR 4
FUMHRE; TREESFEE (2021) XA PR SIOA
(] 20 e Rt A 75 a8 R, R A G AR A A
BOREcS; Kadel 45 (2018 ) 5, H@OIAHE
A B ) 7 50 Vs g i R B e 22, HL R 3K T
WFFE A LR LT R AR AR o B
Tl 52 1) Jist 1R AT 68 A2 R Sy 0 6 AN [ 68 LA
Iz RS EFERA ), AN A EREE | 7
T A | T AR 1 28 8 A R R SR T B R
M 7 T AN (1) 2 1 O 2 TRl H A P 182 002R
( Buffington et al., 2021 ),

HAT, A% HUR A8 A RN 5 J et i)
A ) T it Vs - e A A X 22 A R ORI Y i
b, SR EPHIARCRFEIL (Reyes et al., 2012;
Grantetal., 2019), ik, BR{HHL255705),
XoF T A VR P 0 1 SR AR W EL BT 3R | AR W R AR
AV B AR S P A A % ) (Han et al.,
2019 ) 2R A BB . AR S5 R R M,
T T T3t 2R MACHU i Tz i 5 et KA P 2 706 s - 0k )
Bijda , e IR TR A o RIS R G A 3 JXL Az
TN 1A () 36 9 R AR it A B, T 20 e el ol
M, IS TR, DASRAS B
AR . A AT M N SE R, BoRS HAR
RIS R — A BN T, B, E#E R
IR R R A 225, UAEMSF ., &F
B B B 5 DR 28 XP 5 A A0 1 5 i A o i —
ISR
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