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Abstract: The temperature-dependent development of Poinsettia thrips, Echinothrips
americanus was studied at eight constant temperatures (15.0, 175, 20.0, 22.5, 25.0, 275,
30.0, and 32.5+1°C), 65+5% RH and photoperiod of 16L:8D conditions. The develop-
mental stages were divided into egg, 1st instar, 2nd instar, pre-pupa, pupa, and adult.
The total developmental time in the immature stage was 40.4 days at 15.0°C and 11.6
days at 30.0°C, and it decreased with increasing temperature. The lowest temperature of
the whole immature period was 10.7°C, and the cumulative temperature to complete the
entire immature period was 2174 degree days. The optimal development temperature
(Topt) for the whole immature stage was estimated to be in the range of 30.51-31.21°C. Topt
for each immature stage was 31.64-35.47°C at egg, 30.02-33.08°C at 1st instar, 29.16-
34.43°C at 2nd instar, 27.63-29.21°C at pre-pupa, and 29.81-30.12°C at pupa. In the analy-
sis of the six non-linear models, Logan 6 model was the most appropriate as Z (Weighting
Factors) was 0.18.

Keywords: PoinsettiaThrips, Echinothrips americanus Morgan, temperature-dependent,
degree day

ZRAAME oA B | (Echinothrips americanus Morgan)
= Thysanoptera (T &|5), Thripidae (2 2l|2t),
Panchaetothripinae (I EZ A H o} ) of] &1, 7]
FAE2 487 1069 F ©1/do]™ (Varga et al. 2010), &
5] A E T8 AZollA 11 w57t AT (Vierberhen et

556 (©2022. Korean Society of Environmental Biology.

olHAE Aot /o2 A A Uth(Houser et al.
1917; Kennedy et al. 1962; Manzer et al. 1982; Salazar 1996;
Walgenbach 1997; Kim et al. 2012). Z 1A E]otE2H 2|
+ A= ZAobFo] Ao WA o] Hx WAHSIIL
(Oetting 1987), ©]F 22| Fu|x]HofA] TSIt



Temperature-dependent development models of Echinothrips americanus

(Vierbergen 1998). FHAA = 1989 F= HE Q] LhH]
A8 2ol A MRS (Collins 1998), oFA]oF 2] <4
Me =0 Hlol g & A1) i H W§ A= A
HjZ] o A 2]-2 BHA R 9] © ™ (Mirab-Balou et al. 2010; Li et
al. 2012), < = o] Qo= it A&, I =HAloF 5=
H| 2Rt FotAloF 219 9 @ AE o} x|l Ak T
I 310 (Itoh et al. 2003; Mirab-balou et al. 2010; Mound et
al. 2013) ot 27HE A2t 3} opAjotz Auty
710 2 A= tH( Mirab-Balou et al. 2010; Li et al. 2012). %
2luEtoll A= 20008 AlFEEA] ALAHEIA] W TAAE
(EZJAEo )M A5 AL, A= A= Al
A ]l A Aok Ao w A A Qleh

22 Al glof ¥-sise AL 7MY 2 A
A msiE FActER 2ha Al F7telA= sis Aol
it WAl eo] apAolnt. o] gt WA RS A2k
A O] g, FAA, AL o]-f 5ol U (Opit and
Peterson 1997; Cho et al. 2000; Kim et al. 2021) BFA7H2F2]
7P 712 gl sl diet 24 A7), 23y 2 B
A Ak 5o AeF 54 mhefo] daolrt, 150 A
g 54 mtefs fleiAl= ofelollA sk S5l AJE
£ WEstAY tiY sis= Axske] AiAle 245k
bt SR oS ZEsioF et (Kim et al. 2012; Jeon
et al. 2019). 250 HERYPof| ¥ AH= A7 =
- eJoflA FESHA A= o] 241 ATt (Eckenrode and
Chapman 1972; Ali Niazee 1976; Butts and McEwen 1981;
Park et al. 2010a, b). 225-2] A&l 54 ek 9t s
F2AFELF R HAFEF o2 Lt AR P2 235
Fa2 AAshe ZA R =0t Bhgo] AlRE= AR
A REgEe AT AL ARE Agst
Ao, HATR2E ol4fo] 4L 7St
wbA] o] 2]t A2 Hetslr] QoA vl EER Y
Eo] ARE-E| 1 Utk (Campbell et al. 1974; Logan et al. 1976;
Schoolfield et al. 1981; Lactin et al. 1995; Briere and Pracros
1998; Briere et al. 1999). H|A -85S A g A
g A2 tigt ekt Ieg B E AlFotA] Zote
Al LS (optimal temperature, Top), & 2A4H-2
I (hyperoptimal temperature), 5<% % (intermediate
temperature region) 5ol Tt YHHHE A|-Fstal 9l
T} (Schoolfield et al. 1981; Wagner et al. 1984a, b; Jeon et al.
2019).
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T2 S A2 A=l WAste] msiE S 9l
£ Hl& sfFof thote] A5 okl glom, nlA SiFF
= dzxdo=s ARAEN T L7t At (Jeon and Kim
) el o3, Z2eg3Aqdd], A
e, eolFAE |, EE5T A dBE fFoer &
FEo] 2SS Tl AHPEE AlFsta ot
(Ahn et al. 2003; Hwang et al. 2013; Jeon and Kim 2019; Han
et al. 2020; Yoon et al. 2020). 0|23 LET-SAHS S5t
2SR YL 250 LA Bt YetelA metd
2 Qlo] =L Atk (Kim et al. 2012). S2] 74-¢ ZQl
Agosde o] Bt 2EESAE S ol AHAt=E
3t 5} 91O (Zhu et al. 2017), ZU A= E A Elot
A7 2009 EHE o2 ofA 7z AEjof et A
Bt BESH AXoloh wheba] =i 24 Afjuf Ao g st
1 Sl= ZAAEoREAEH o] HAIE floiAl= 7124
Aeizts GH7F o)), whba & Ao A 221
Alglorg A9 71x BHiAt= 5 StE 5] floto] 2=
TSNS AAIst] AFR Gt 6717] Bl AYSEYS
ol EAlsto] Felet AR E StHstIA AFE 5
Y5t
a2

T

b=l

1. 3AE MY R AL

ZRIAE oA B (Echinothrips americanus)+ 2013
| A7 e 294 FEAEY AN Ul A" A
(Kalanchoe blassfeldiana) B 7ol A Zf75H] ARSA o
A 38AITH o =il Ak S ZiAI-S Aol AR8SHR
o 2 A A TAF A2 F271(25+3°C,
45~55% RH, 16L: 8D) W oF32E 0] ] (35x25% 30 cm)
of Yil, HolAl 52 E—_T—(Capsicum annuum) JF EF9
A& AFsty SAsHAT 7174 E Al AFAE 7t
2 S4cm, N2 28cm?] 727 BE Ed|o]o] mhEsla 1%
mofA AR Eho] 1~37 WAYSHH 27 8cm, EO] 7
m®] ZER §A o] oF 30~35cm7} E[H Al 2%
ol 2 FHstth

g mA

Mo N

TS ZAFE Yol =71 (25£3°C, 45~55% RH,
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16L: 8D)°l| AFS: F31 FAIFl A €F 1009t o] HA &S
Adrstal, HolE A AT & 1.5 mL2] micro-tube®]] pipette
2 ol-&ste] 1,000 uLo] SFRTE Pl QAT HiES &
0 g ol Z=2L7t AlEH micro-tube JTol 71 1A
oF S AR FHA 0 2 AFolA Faste] At
7 = T2 1592 M X9 petri-dish (0 S cm X 7
mm) = &7 F, RAZFHA 0 5 o] B35S phashql.

oA Falet oFF2 87l 2 £71(15.0, 17.5, 20.0,
22.5,25.0, 27.5, 30.0, 32.5 £ 1°C, 65+ 5% RH, 16L: 8D)°]
A MRS AAISHATE ZHAIAS -2 1.4 cm 9]
2 52 Qe pipette—% o]-8s}to 1,000 pLe 222
558t petri-dish (¢ 5 cm X 7 mm)©] filter paper (Adventec,
Japan) No. 3% 13- 2200 Ak qh71 9)5) ]S 1.5 mL
9] micro-tube®l] AH 1Yol FIRt oFF-S A2t
5 (No. 32)<& ol-goto] ghate| A A A ARSI
S 2ARE 244 7HA 0 & AASER L, 7 7] g e
7 R sl HHE ZANS w5t sl AR '
HZE2 A SA] AlA ST

G2 274 A TA ZAAEloREAEEH 9] 7 &
A E ESEYL2 APRG T 67l HAFRFE 085t

e
oF%0] 7t A ISl 250 WeTte] T
£ 222155 (Campbell ef al. 1974) 0.2 BT AR
= o]-&5te] 5ttt (Bq. 1).

r(T.)=aT,+b,

(Eq DOIA n(T) = 2= e T5E, o= 7127, T=

2 (°C), b= y AW FHA|E UrEhdlTt.

TSHAE R TS Hes U8Ert 00] =i A
TSR oo, FRAMRE = AN

P L7 HEE L (1/9577H 2 Hgkt

2L oF S& I oko] 213 A 9] 7]&7] g4aE

B 2 ALSEATH Moon et al. 2022).

2

il

do i o
HT o

2) HjHYRY
BT SRS deTAE .7t dF F

[¢]
sto] 6719] H]A P3P 2] Briere 1 (Briere et al. 1999) (Eq.
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2), Lactin 1, 2 (Lactin et al. 1995) (Eq. 3), Logan 6 (Logan
et al. 1976) (Eq. 4), Taylor (Kontodimas et al. 2004) (Eq. S),
Sharpe and DeMichele (Schoolfield et al. 1981) (Eq. 6)= Z}
2t Apgetol maAo] A BEGE Akt A el
A2 B Ak

r(T)=aT(T— T)(T,— T)?, (Eq.2)

(Eq.2)9] o= Wi7HES, Toe T8 AARHIRE, 118 2]
AP o] o} (Briere ef al. 1999).

*e(”T"_(T"_ T)/AT),

’I'(T):e<pT)*(ﬁ(ﬂ"i(r"irf)/A T)-‘r)\, (Eq.3)
(Eq. 3)9] pE A2k HAolM E5E, ATE AH 2
2 e 7P A e 128 2k M\ TSYH

22 F4Y 4 Sl ydH Zholoh(Lactin et al. 1995).

r(D) = (el AT, (Eq-4)

(Eq. 4)2] v= HHEE-E, ATE TEAIT2 ot XA
2L o] F o= AL oA 9] H8E AF4olth (Logan
etal. 1976).

B 1 (T-T,\ P
T(T) Rm e 75' TGL if7< Tm;
1 (T-T7,\
HT)=R, « e|— =+ ifT> T, (Eq.5)
2 T,

(Eq. 5)° R, HHESE, T, TSEC] 7P 52 2
&, Ta> T<T,E W 349 225 Uetd= w7,
Tare T>T,Q © A9 F2E Yehl= wi7iHsoloh
(Kontodimas et al. 2004).

T {HA( 1 _L)}
T )= 208.15 = XP| "R ‘20815 T
¢ 14+ex ﬂ(i, L)]+EX HH(L, L)})
Pl Y1 T IR VTHT T
(Eq.6)

(Eq. 6)2] r(T)& AH% (°K)olA 2 HLE, RS 714
4= (1.987 cal degree_1 mole™!), P25 25°COo| A &) W&
£ (ol Ut = A Gethe e X
9, HA= 2golA 713t =28 G 4 (rate-controlling
enzyme)’} SH5h= 9Hg-0] &4d39} e, TLS £ X
Haa7h A2l ol s0% 249 Uehils 2% (K), HL
= EExE ALt A2 oJs) s0% L/t A
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A qlgtn o] W3l THE £ da47 120 o3|
509% 23S UERA Bl &% (K), HHE= o]t d=id 4
2] 9] | 3to]th(Schoolfield et al. 1981).

Mg RYEY APy W AEA AT (2)E A
8ot 2453t 2= BIA P 2P 52 Residual sum
of squares (RSS), Akaike’s information criterion (AIC),
Corrected Akaike’s information criterion (AICc), Bayesian
information criterion (BIC) 52 A|2E& 58t LE=
o] S H7FeItt(Eqgs. 7, 8; Arbab and Mcneill 2011).

D,
5= (Eq. 7)
2D,
=1
1 |R?—min(R?)| |RZ,; ;— min(RZ;)l

D= , ,
“ 5 \max(R?— min(R?

max (Rfd]-) —min (Rfd]-)

|AIC; — max (AIC)]
max (AIC) — min(AIC)

| BIC, — max (BIC)|
max (BIC) — min (BIC)

|AICc; — max (AICc)]
+ max (AICc ) — min(AIC:)

(Eq.8)

(Eq. 8) oA max(x) -2 H= S TH 259 2th X3, «
i 289 x%ti=1,2,3,..,5°]th
RZ

4= 1= gy o R,

) (Eq.9)

(Eq. 9)°lIA n WO 7, p= MA@ 2P E9] para-
meter?] 7i57, R*= A Aotk

RS,
n

19}

AIC= nln

+2p, (Eq. 10)

(Eq. 10) 1A n2 2L 7, p= MY 2 S
meter2] 7H—j|\—, R*= AAA S50t
( RSS)

n

E9] para-

2pn

AlCc = nln —p-1)

+ (Eq.11)

(Eq. 11)°l1A n& T 70, p= HIA B R F 5] para-
meter®] 7=, RSSE FHA}E] Al Eg o[,

BIC = nln( )+p1n (Eq.12)

(Eq. 12) 1A n2 3L A, p= HIAY R EE9 para-
meter®] 7], RSSE FHA}0] AlEg o[,

5 84 &4

APrg o] 71-&7]9t yAHZEe] 574 SAS PROCREG
(SAS Institution EG 2016) 5 Ah&-5to] 16t v
411y o] wtetu|EgHS-2 TableCurve 2D (SYSTAT 2002)
£ olgsto] Fopgiet. WS7]3tol| tiste] A= One-way
ANOVA 2415 &5l Bt 7+e] Aol& wlwstia, B+t
7t 2o 7 ARt 74920 Tukey's HSDE AH-8-0Fo] H4t 7F

Aol Bl EAs}T

15.0~32.5°C2] &2 A ZAAElokFAE ] 9

Table 1. Developmental time of immature stages of Echinothrips americanus under eight constant temperatures

Developmental period (day, mean + SE)

Temp.

) Egg 1t instar 2nd Pre-pupa Pupa Total
15.0 18.7+0.06° 10.1+£0.41° 6.8+0.32° 3.3+0.10° 6.3+0.12° 40.4+1.16°
175 170+0.02° 74+0.11° 5.6+0.16° 2.2+0.09° 4.140.15° 34.6+0.43°
20.0 11.1+0.05° 5.2+0.06° 3.6+0.08° 1.7+0.09° 2.2+0.09° 23.56+0.27°
22.5 8.7+0.07¢ 4.1£0.07¢ 2.8+0.06° 1.2+0.06¢ 2.6+0.08° 19.4+0.09¢
25.0 6.3+0.07° 3.7+0.09% 1.56+0.08° 1.0£0.02¢ 1.7+0.13¢ 14.2+0.22°
275 6.0+0.00" 2.9+0.03° 2.0+0.04° 1.0+0.00¢ 1.6+0.07¢ 13.6+0.08°
30.0 5.2+0.06¢ 2.5+0.08 14+0.07% 1.0+0.00¢ 1.6+0.08¢ 11.6+0.10°
32.5 5.1+0.05¢ 3.1+0.13f 2.3+0.11¢ 1.2+0.06° 1.4+0.22¢ 12.5+2.34%

*Means followed by the same letter within a column are not significantly different (p>0.05) by Tukey's studentized range test.
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Table 2. Lower threshold temperature and thermal requirement estimated by linear regression for Echinothrips americanus

Developmental

Lower threshold

Thermal constant

. . 2 ~
stage Regressions equation R%adj F p-value temperature (°C) (Degree days)
Egg Y=0.010T-0.1301 0.98 111.02 <0.0001 13.0 100.0
1t instar Y=0.0200T-0.2093 0.98 552.55 <0.0001 10.5 50.0
2" instar Y=0.0395T-0.4838 0.99 381.38 <0.0003 12.2 253
Pre-pupa Y=0.0709T-0.7824 0.98 289.54 <0.0004 11.0 14.1
Pupa Y=0.0317T-0.2792 0.86 38.94 <0.0015 8.8 315
Total Y=0.0046T-0.0493 0.97 193.07 <0.0002 10.7 2174
04 o Observed 06 I o Observed tr ® Observed
— Brierel — Brierel — Brierel
- Lactinl - Lactinl - Lactinl
— Lactin2 — lLactin2 — Lactin2 °
—Taylor —- Taylor Y — Taylor T
- Modified Sharpe and Demichele i - Modified Sharpe and Demichele 427N
[ ---Logané 0.5 |----Logan6é

02 | Logané

Development rate (1/day)

0.3

- Modified Sharpe and Demichele /’,',—-ls%

14

Developemtal rate (1/day)
o
N

T ] 0 - [ — v T T T "
[ 5 10 15 20 25 30 35 0 5 15 20 25 30 35 o 5 10 15 20 25 30 35
Tempertaure (°C) Tempertaure (°C) Tempertaure (°C)
0.8 0.2
® Observed ® Observed ® Observed
- - Brierel - - Brierel - - Brierel
- Lactinl Lactinl -2 Lactinl
— Lactin2 — Lactin2 o,;«f’y“‘*w — Lactin2
— Taylor — Taylor A — Taylor
---Modified Sharpe and Demichele ---Modified Sharpe and Demichele . ---Modified Sharpe and Demichele
- - A —
| ---Logan6 0.4 | -togané P 01 |--Logans
/ -t
.

o 5 10 15 20 25 30

Tempertaure (°C)

35

15

20 25 30

Tempertaure (°C)
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Tempertaure (°C)

20
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Fig. 1. Developmental rate curves (1 day™") for immature stages of Echinothrips americanus (A: Egg stage, B: 1t instar stage, C: 2" instar

stage, D: Pre-pupa stage, E: Pupa stage, and F: Total stage).

gL & SR 25T STFEAE B
oL} 30°C 01| LEAAE T2
olg 1017 YSkeh. 9% (1st~2nd

=7t 37k

)
<
I
L
of
2
2
B

instar) 7t H-8-2] THoM = =
Zro] ZotA = AgFE Koy
-

[e]

S B9, 25°C o4
o|7] ¢ForTt. Lo ARE W
L7t 371 E ST

fu

560 (©2022. Korean Society of Environmental Biology.

T

32.

717¢o] thA] Zolyiet. ekt 8717 digh 2%

2 27.5°C o1, 82 22.5°C o14F<]

ofME TAA FodS Holx] okt Hd7] o] w57
[e]

TARE 2271 S7HEe5 57102 FotAle 7
°

Al

7|13¥o) &

7]

=
2.5°C ool M= T+

¥ dgr
=

r

4]

060

A e B
AA T2 2
e By,
s BFE H
7gol 2=

OFQYT} (Table 1) (Egg: F=10821.0, df=7, 397, p <0.0001;
Ist: F=248.59, df=7, 397, p<0.0001; 2nd: F=220.41,
df=7, 382, p<0.0001; Pre-pupa: F=155.37, df=7, 350,
p<0.0001; Pupa: F=161.82, df="7, 335, p <0.0001; Total:
F=521.31,df="7,397, p<0.0001).

) MYy

TEFH2LE FAo17] Qlolf 7 2=9] S Bt
O] A% (1 day ') E FIote] IHES Lokl AP Rl A
B AR S xFH (k) £ A%sto] YSEo] 00] H
+ AR FSFHEREE FHT A & 7172 13.0°C,
1852 10.5°C, 28%2 12.2°C, A-87]17+2 11.0°C, &
o|7] 7172 8.8°C, A FS7|7H 10.7°CE FH =
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Table 3. Estimated Parameters for six non-linear models describing the relationship between the temperature (°C) and the developmental

rate (1 day™") for all immature stages of Echinothrips americanus

Model Parameter Egg 1%t instar 2" instar Pre-pupa Pupa Total
a 0.0001 0.0002 0.0006 0.0008 0.0004 0.0000
Bricre 1 To 14.28 9.89 12.99 9.32 8.70 8.91
T 40.49 36.32 34.09 34.45 35.99 3755
Topt 32.00 33.08 34.44 28.67 29.81 31.08
0 0.1449 0.1576 0.1883 0.1615 0.1553 0.1456
Lactin 1 Tmax 42.36 36.65 34.67 35.13 36.31 3797
AT 6.89 6.33 5.30 6.13 6.40 6.86
Topt 35.47 30.32 29.38 29.00 29.91 311
0 0.1254 0.1652 0.1670 0.0900 0.0991 0.1467
T 40.99 36.06 35.11 38.59 39.49 3732
Lactin 2 AT 794 6.04 5.95 9.38 9.54 6.81
A -0.0773 -0.0149 -0.1413 -0.9603 -0.4068 -0.0085
Topt 33.04 30.02 29.16 29.21 29.95 30.51
] 0.0201 0.0265 0.0206 0.1684 0.0831 0.0061
0 0.1813 0.0955 0.1957 0.1569 0.1486 0.1544
Logan 6 T 3775 34.27 34.24 35.12 36.30 36.49
AT 5.37 1.84 4.58 5.95 6.11 5.66
Topt 32.38 3243 29.66 29.18 30.19 30.83
Rm 0.1921 0.3575 0.6236 1.0255 0.6205 0.0820
Taylor Trax 33.98 30.44 28.21 2763 29.44 31.21
T 9.19 9.23 6.64 -782 9.14 9.80
Topt 31.64 31.80 34.08 2763 29.44 31.21
P25 0.2673 0.3859 0.6089 1.2616 0.6650 0.1072
HA 39323.11 2344776 25895.90 22292.68 20444.47 27388.24
Sharpe & HL 29705 302.86 303.08 30148 303.52 300.35
DeMichele TL -154E+03 2.85E+02 1.37E+02 3.81E+02 2.51E4+03 2.86E+02
HH 3969700 47575.07 72815.73 37722.61 49796.45 40936.12
TH 4.25.E4+07 -1.47E406 -6.85.E+06 1.26.E4+07 3.23.E+09 -2.95.E+06

*Optimal temperature, In Logan 6, Lactin 1 and 2 models, the optimal temperature was T.-AT (Lactin et al. 1995; Roy et al. 2002). In Briere 1 model, the

optimal temperature was x at dy/dx=0 (Briere et al. 1999; Roy et al. 2002).

DD, Hit]7]+= 31.5 DD, A HE7|71
2= 217.4DDAT. AFEF ] gt 4
(Rag)E 097 o) F 2= Hgof tiet et/do] gl
(Table 2) (Egg: F=111.02, p<0.0001; Lst instar: F=552.55,
p<0.0001; 2nd instar: F=381.38, p<0.0003; Pre-pupa:
F=289.54, p=0.0004; Pupa: F=38.94, p < 0.0015; Total:
F=193.07,p<0.0002).

2) HMYR Y

6712 8] @ 2 (Briere 1, Lactin 1, 2, Logan 6, Taylor,
Sharpe & Demichele) % Sharpe & Demichele= A28t §
742 ARG o]-8ote] HAYSLE (Top) T 7
S AT}, &2 31.64°C~35.47°C Ato] HPZ B4 =9t
1582 30.02°C~33.08°C, 282 29.16°C~34.44°C, -8
27.63°C~29.21°C, HH| 7] 29.44°C~30.19°C, HA] -5
717+ 30.51°C~31.21°C B2 4 5] 2t} (Fig. 1, Table
3).
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Table 4. Model performance fitness criteria for non-linear models between temperature (°C) and developmental rates (1 day™") for all im-
mature stages of Echinothrips americanus

Criteria
Stage Model
R? RSS R%. AIC BIC AlCc Zi

Brere 1 0.99 0.01 0.98 -32.57 -33.20 -20.57 0.17
Lactin 1 0.96 0.01 0.93 -31.88 -32.51 -19.88 0.17
Egg Lactin 2 0.99 0.01 0.98 -30.30 -31.13 9.70 0.19
Logan 6 0.98 0.00 0.95 -33.22 -33.84 -2122 0.17
Taylor 0.98 0.01 0.97 -4789 -48.73 -789 0.17
Sha. & DeMi. 0.88 0.01 0.28 -32.41 -32.73 -32.41 0.15
Brere 1 0.96 0.03 0.94 -33.36 -33.52 -25.36 0.17
Lactin 1 0.97 0.02 0.96 -34.54 -34.70 -26.54 0.17
1% instar Lactin 2 0.98 0.02 0.96 -33.15 -33.36 -13.15 0.17
Logan 6 0.99 0.10 0.98 -22.06 -22.28 -2.06 0.22
Taylor 0.95 0.03 0.93 -32.94 -33.11 -24.94 0.16
Sha. & DeMi. 0.94 0.02 0.64 -28.42 -28.74 -28.42 0.16
Brere 1 0.84 0.99 0.78 -10.68 -10.44 -4.68 0.13
Lactin 1 0.85 0.10 0.79 -29.30 -29.07 -23.30 0.17
o instar Lactin 2 0.86 0.10 0.76 -26.68 -26.36 -13.35 0.17
Logan 6 0.86 0.10 0.72 -21.42 -21.64 -142 0.17
Taylor 0.84 0.10 0.78 -29.01 -28.77 -23.01 0.16
Sha. & DeMi. 0.87 0.12 0.22 -16.45 -16.78 -16.45 0.18
Brere 1 0.98 0.04 0.97 -36.27 -36.03 -30.27 0.17
Lactin 1 0.96 0.06 0.94 -32.73 -32.49 -26.73 0.16
Pre-pupa Lactin 2 0.99 0.04 0.98 -33.83 -33.51 -20.50 0.17
Logan 6 0.96 0.07 0.93 -29.83 -29.51 -16.49 0.16
Taylor 0.99 0.03 0.99 -38.02 -3778 -32.02 0.17
Sha. & DeMi. 0.94 0.05 0.64 -22.57 -22.90 -22.57 0.13
Brere 1 0.92 0.06 0.89 -33.40 -33.16 -2740 0.17
Lactin 1 0.90 0.07 0.86 -32.41 -32.17 -26.41 0.16
Pupa Lactin 2 0.92 0.07 0.86 -30.47 -30.15 -1713 0.17
Logan 6 0.90 0.07 0.83 -29.52 -29.20 -16.18 0.16
Taylor 0.92 0.06 0.89 -33.33 -33.09 -2733 0.17
Sha. & DeMi. 0.91 0.07 0.69 -25.56 -25.08 58.44 0.14
Brere 1 0.98 0.00 0.97 -54.36 -54.12 -48.36 0.16
Lactin 1 0.98 0.00 0.97 -54.16 -53.92 -48.16 0.16
Total Lactin 2 0.98 0.00 0.97 -53.43 -53.11 -40.10 0.16
Logan 6 0.99 0.00 0.98 -53.54 -53.22 -40.21 0.18
Taylor 0.98 0.00 0.97 -54.75 -54.51 -48.75 0.16
Sha. & DeMi. 0.98 0.00 0.93 -48.42 -4794 35.58 0.00

*Sha. & DeMii.: Sharpe & DeMichele.
3, H|M%alg mylo] Xt X (Z:)= Lactin 2914 0.192 7P =931, 159 Logan 6
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A 8717k Logan 67} 0182 7V =2 V=] A BE
Hof v]Adgihs g o] A& & Aottt (Table 4).
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B oz oty 9%t

.
g2 wol gt

o §f
5
jg

K o rlo

ofll

L

21Tt (Damos and Savopoulou-
Soultani 2012; Fand et al. 2015). 2 ¥ -2 3150 A}
B4 =74 Qo si5o] odE By 2 WAE fIet 7%
a2 G851 Qo (Wagner et al. 1984 a, b; Curry and
Feldman 1987).
2SS EUE XA E oA E o] 5o
e AHEH 27t S-S ESTI0E FotA
B BN, 25°C oo &= oAM= oA
= 742 3Tk Liang et al. (2017) & 11
Z Holz 3,501/11]E]O}+1HH421H Aol 2=
7b S7FEeE dsT|to] ZoAls B ElAL 31°C
oFe] 2k A= Tl gt FAA polE Kol
2] ¢Skt Ahn et al. (2003) ] FZEAH ] (Dichromothrips
smithi), Tamotsu (2000) 2] T+EZNH 2] (Thrips tabaci),
MacDonald et al. (1998) 2] Z:--Z2 A (Frankliniella
occidentalis) ©] 7oA 27t S-S IEEE =
e O, 30°C o/do] & 2o A= FAARI Aol
£ Ho|7] grot 2kof mhE TR E52 E4ol2t
A= oF 30°Cc7t SAE T H50] AR B2
& At
AP H P o] &3 ZAAME ot EH o TKFH
oA ZF FAE HEdH 2T &2 13.01°C, 1
10.5°C, 2% 12.2°C, A&

Ho

1.0°C, & 8.8°C, A3

+ 10.7°CHAL, AA 577k gt fFaALR e
217.4DDE FA =St Liang et al. (2017) = A5
HLEE 11.35°C, F a4 e 22976 DDE &A1Y
H|=3t A7HE B3k

Seubel 24T ofjof| A Aok mhE A o] W
S92 10.8°C, F R A4 T = 232.6 DD (Tamotus
2000), Ahn et al. (2003) 9] FEAHEH 9] H o= TS5
FHAZET} 9.5°C, F B A4 4= 204.4 DD, Gitonga et

al. (2002)€] BLBFALA ] FKIYLE 9.0°C, F3

425 256 DDA Qo] el HHd {27t
10.6°CE ZO|AE|obg- 2 2 2} ‘E‘a}%"é 2k Hxst
Ao, FEA42 = 183.3DD 2

B ATt (Park et al. 2010b). THEAA | (Tamotus 2000)2] A
A e ZRAANEorEAHY e o] AR At
= 7 o, A dsdAEsE degdHeEE AnEY
ZRAAMEorEAE Y o] TE PP HY7| GAE Al
o5kl i F-20] WS TA oA 10°C o)/do] 1A, ohgaiE
2= 10°C o]st3l o H, E5] & 7|1 el A= 7.2°C & 5]

2 2L oA WSS Al Aol wheba] ZQIAEoFEA|
Hefl = Zr Ay w3 ol vls) Esof Slof
B2k 2L a5k Z 02 HoEh

A ATASL P 259 BEAHLES 245}
glott 3

(Kim et al. 2012). SFA]TE =
G0 3 i 21 Asle] B0 ok 2
7F A 4= 1tk (Jeon et al. 2019). & A 1
ElotE A E dl g ez 6714 H]ﬁﬁé‘?ﬂ_}%ii% AA]
StRaL Ty 7ho] HelE Foll iy shsel Hs7ks
2= HE & 4 A BlAAF 2ol it Ad: 3
THIME 71E B7hs 24AF (R) &2 EYEPA S
(Rzad,) = 0]-85}11 9J o UH7HkE—j|\‘(parameter)—4 N5 =F
ol Ao YIS 71Zth(Kim et al. 2012). TEHA] ©]
23t @75 HASH] QoA &2 Aol e 74 A
H(z)E AHgste] FERt 240] 7155H3ATt (Arbab and
Mcneill 2011).

A
52 5 7P nnh olgalel Ag9e Bkety o
A

'QE(Totp)oﬂ EH
al. 2004; Zhu et al. 2017),3044 Z 1]

E%‘é EH”C’E g.aouﬂa }”‘XH‘:”EH p%Eﬁé
1:11—0 X']QE(Tmp)—J ]:HHE Zﬂ/\]o]— 0§0ﬂ
oA = WA R Lhro] AIC, AIC, BI

g5to] 7152 AH(2)S Bof BP] AU %
(Arbab and Mcneill 2011). ©2FA] o] ¢ FIHS &8
A=W A S 2 el A sk Foll diet gkt
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4 7Fs8 Aoz RztEch
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ZAAEorF N D (Echinothrips americanus) 2] =&
H HR8-2 15.0~32.5+1°C7HA] 2.5°C 744 (65+5% RH,
16L:8D) 870 =& 7oA &, 15, 28, A8, Hd|7], A
Fo2 JEsto] ZAFSHATE AA HE7]7H2 25.0°C ©]
2] 2k 2= L7 VRS TSI A
o7l A Bl 25 ST 15.0°CollA 404
2, 30.0°CollA=
ofFl o, 32.5°C°1WL Hr5717k0] Tl dojA 12.59
o|qlth. AP RS o] &g A L5713t
TE 10.7°C, FEAAR T 2174U =T B
S o] 8t HATFLE (Top) HE= E2 31,64~
35.47°C, 1%2] 30.02~33.08°C, 282 29.16~34.43°C, 1

82 27.63~29.21°C, }1H]7]+= 29.81~30.12°C, A4 &=
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