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Abstract: The nymphal development of the potato aphid, Macrosiphum euphorbiae
(Thomas), was studied at seven constant temperatures (12.5, 15.0, 17,5, 20.0, 22.5, 25.0,
and 275+ 1°C), 65+5% relative humidity (RH), and 16:8 h light/dark photoperiods.
The developmental investigation of M. euphorbiae was separated into two steps, the
1% through 2™ and the 3™ through 4™ stages. The mortality was under 10% at six
temperatures. However, it was 53.0% at 27.5°C. The developmental time of the entire
nymph stage was 15.5 days at 15.0°C, 6.7 days at 25.0°C, and 9.7 days at 27.5°C. In
the immature stage, the lower threshold temperature of the larvae was 2.6°C and the
thermal constant was 144.5 DD. In our analysis of the temperature-development experi-
ment, the Logan-6 model equation was most appropriate for the non-linear regression
models (r?=0.99). When the distribution completion model of each development
stage of M. euphorbiae larvae was applied to the 2-parameter and 3-parameter Weibull
functions, each of the model’s goodness of fit was very similar (r?=0.92 and 0.93,
respectively). The adult longevity decreased as the temperature increased but the total
fecundity of the females at each temperature was highest at 20°C. The life table
parameters were calculated using the whole lifespan periods of M. euphorbiae at the
above six temperatures. The net reproduction rate (Ro) was highest at 20.0°C(63.2). The
intrinsic rate of increase (rm) was highest at 25°C(1.393). The finite rate of doubling time
(Dy) was the shortest at 25.0°C(2.091). The finite rate of increase (A) was also the highest
at 25.0°C(1.393). The mean generation time (T) was the shortest at 25.0°C(9.929).
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Temperature-dependent development model and life table parameters of Macrosiphum euphorbiae(Thomas)

71:}1]'—)?05 A= (Macrosiphum euphorbiae)-= S0t 2]
= A AA 2, 715 Aare A&
Uk 7—‘1*%% H] 3 oF 2009 & o)/de] HAAtE,
SHIAE 9z FoflA] TSk 1tk (Chan et al. 1991;
Radcliffe and Ragsdale 2002; Kwon ef al. 2008). Q-2utate]
A AT EARES s SkeRE 69 Tl E5AE
e 7|FAEZ o]F5I (Kwon et al. 1997), 42 2 7}
A2 (A, 0% )oK AET B9 S 5
A2 H AT} (Barlow 1962; Walker 1982). 53] S50k
S22} 9P Al 2ol AR ARE2] 95% o=
obaL, S T2 AE-2 °F 40~90%°] % HAR
OVQE}(He\hm and Choi 1990). £ A& O EAS 4
uE A3d MR N1FAE S50R 2B 4%
AoFA 7] 21 (Houser et al. 1917) T2 Hl&-S Bl 122

= Rt 74 mees 9lo] Weal eaRtEE
7194 ES 2171, A bt 2] A (Potato leaf
roll virus) 2t ZAFyHEo]| # 2 (Potato virus Y) 5 409 & ©]
AFo] vl g A2 i 7|3t (Salazar 1996). £3] Hio]# A
L %20 £ A5t % Sote] 242 ololA T (Kim
etal. 2012), Z20] A AAAEH T} L A5HA 71t
(Manzer et al. 1982; Walgenbach 1997). TrepA] 21344 &
ol oJRt msfE ot violH A wiZE FRt A nsirt
AAA g2 o & o HYAZ]AL AT (Kennedy et al.
1962; Walgenbach 1997).

2= Aol )lo] 2F-2] 9k S flsiAs HAA
2Fo] 3ol " astn, YA e flsid= 7124
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YL, 22 55 dotly] 98 2% 71 dede 5
ol A2 E ot ZAPATH(Kim et al. 2012). tHAF25<ll
et 2ot dayto] WAE AuE7] fsiA A7k
et 2L 7|RE g ago] AAE| L 91O (Campbell
et al. 1974; Logan et al. 1976; Schoolfield et al. 1981; Lactin
et al. 1995; Briere and Pracros 1998; Briere et al. 1999), ©]
2t Ry A2 AFRIH R d= A
sto] 250 e JHE Al-Fstal At (Eckenrode and
Chapman 1972; AliNiazee 1976; Butts and McEwen 1981;
Park et al. 2010a, b). A @ X F 2] H-¢ 2= F7tof| it
Zo| dreaT & QtotH L oL} AA el T oA}

AL TEe] HE gL FHo] Brlste] o]g B

)«o

B
mloﬂi_ii'rﬁj{

&sh7] Asf BlddESRGo] A HT HAFESY
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T ool E 2ot g BAE & AYsiE

(Schoolﬁeld et al. 1981; Wagner et al. 1984a, b), 5}L+2] &2
Aozt YARFES] BAE FEN olziel T
Sh g ool AA =L Q1aT, o] 23t SR Y-S Foff
o] AgAE Bot AeotA oretet 4= Itk (Kim et al.

ol Z4E Ao HER x| 9 AEE o]
gt 2F=9] HobA A, AF AEi7E 7FssiA vt
o]

014). TebA 2 A7 AR AR £
& %ol thsel rﬂ@ R ER L]

A2 AR E (Macrosiphum euphorbiae)< &%
A SAENNAYR AFEHSI AMSAA R AMS S
A AL AT PAL IS F4E FF 2 7}
2] (Solanum melongena L.), S FEO= 1hg § 2 ¢
o117 1 32 Dol SR 49 991739 5
W ABRE FA0 ST 7220 15T 2
A RAEE okad Ao1A] (35x25 %30 cm) o]l B
25.0%1°C, 57] 16L:8D, FHHEE 65+5%2] F-=27]]

A F45ke] @l AHgstach

2, g =M

oFF e 77 2% (12.5, 15.0, 17.5, 20.0, 22.5, 25.0,
27.5+1°C, 7] 16L:8D, 4G T 65+5%)2] =719
Al ZAFSEITE WA 52 ¢ S emx 7 mm ] petri dish
o] filter paper (Advantec, Japan) No. 35 19| Z11, 71 9
of 7t2- M2 1.5 cm9] &-& &=t Filter paper} &l
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1 o
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mlo

2) By RYy

LTSS E BAZ BAS] AT NAIRGE 57}
2] B-& AHESFATE [Lactin 2 (Lactin et al. 1995) (Eq. 2),
Briere 1, 2 (Briere et al. 1999) (Eq. 3, 4), Logan 6 (Logan et al.
1976) (Eq. S), Poikilotherm rate (Schoolfield et al. 1981) (Eq.

6)].
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Temperature-dependent development model and life table parameters of Macrosiphum euphorbiae(Thomas)

Table 1. Equations used in the fertility life-table analysis

Number Equation Meaning

1 S e X e my=1 Birch(1948), x=age in days, k=age-specific survival rate, my=age specific fecundity
> himyx L

2 T= T=mean generation time
> hmi

3 Ro=>" himx Ro=net reproductive rate (females per female per generation)
In(2

4 D= r( ) Dy=doubling time is the time required for a given population to double its number

m
5 A=e™m A=finite rate of increase, female per female per day

el FAAFAD o AAE F ohe 9 Bz
W0l SR 21 ANAE] ¥l gy, pi= VR
ool ek

AAFAIRAES] 552 6719 2% (12.5, 15.0,

25.0+1°C), F57] 16L: 8D, FHFx
65+£5%2] X704 oFFol Yl MR EulE AA 450l
H AFRE & w7pA] 9] 7|17 ARSI A4S 9 A
O] 42t = T Y Lol 2441 THA 02 ARG,

F5 ZAE 157 flof ZARGE A= Al AT

AT AR ES] SAMI Y B F59) AT E, U587
7]_’ =0l A~W 0| ;]—021 7_1“"/\36]'(}:3\_31 (Maia et

al. 2000), W7HEAS> F=7-2 Jackknife (Meyer et al. 1986) &
-2 w}t SAS (SAS institute, EG 7.1 2016) 5 ©]-85Fch.

Y FO| A Ro= &7 HE (net reproductive rate, female/
female) o™, ZFAHjo] w|2]= P9 7] =5 LEHH
t} rp2 WARTASTHE (intrinsic rate of natural increase,
female/female/day), T+= B At 71Xt (mean generation
time, day), D= Hl57|7t (doubling time, day), 2= 7|7tA}
A57HE (finite rate of increase, female/female/day)= LEL
I, 747} 02 9] 440 A1 (Table 1).

6. SAHEAM

214341 9] 71279t y-AHGE -2 SAS PROC
REG (SAS Institution, EG 2016)5 AF&3Fo] L5191, ¢
Zro| vl dgdds ey 9 ISR xn o] wefn| el

Table 2. Mortalities of small nymphs (1st and 2nd stages) and
large nymph (3rd and 4th stages) of Macrosiphum euphorbiae un-
der seven constant temperatures

Mortality (%)
Temp.
(°C) n Small nymph Large nymph Total
(1st-2nd) (3rd-4th)
12.5 30 3.3 0.0 3.3
15.0 30 0.0 0.0 0.0
175 30 0.0 6.6 6.6
20.0 30 0.0 0.0 0.0
225 30 3.3 0.0 3.3
25.0 30 0.0 0.0 0.0
275 30 3.3 50.0 53.3

5+ TableCurve 2D (SYSTAT 2002)E AF-8-5to] o}3]th.
7h 2xd oFFo] It 4Eae 2 oA ke
A2} 0] Ae] Wt IF ZFoli= SAS (SAS Institution, EG
2016) Tukey’s HSDE AHg-5to] H w5l A 9] o
2] o2t el ZHE-2 Maia (2000)7} A1 5-SF SAS Program
ol-gote] otglom, 2, wepu|EgEe] =2 &
o1 HAES $15H Jackknife method ®H-S A8t Z¢
HES AFETN T Tukey's HSDE ©]-85}0] A 2|7k 2}o]
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S Ik o7 1 e = S i oA St B A
o] Lo gt o] JgFS To =
o 2 FFS e 202 AZHE T Kim et al. (2004) 0] =

H

S RE (Aphis gossypii Glover), Kim and Kim (2004) 2]
2

% of

o
v, 53] 2%

°CHRte & Wgof et o] o] Ao, At

SARNBL kFe N0 FAE 2Ro] JGS I
=]

o o u T
= B3, 27.5°Col A= BHA] AojF o, 20.0~25.0°C
TAA = T2 {42 AP HA okt
small nymph (1st~2nd) F=171.09, df=6, 205, r*=0.84,
p=0.0001; large nymph (3rd~4th) F=202.41, df=6, 189,
r=0.87, p=0.0001; Total F=307.15, df=6, 189, ¥ =0.91,
p=0.0001) (Table 3). De Conti et al. (2011)~> 17l A]
27t S7VESE WEI|1E o= AdFE HA
O}, 16.0~28.0°C7HA] Rl 1L, 2~4F ol A=
22.0~25.0°C7HA] 5717k 9] 7o) do] A= A] gkof &2
Table 3. Development period (days, mean = SE) of the immature

stages of Macrosiphum euphorbiae under seven constant tem-
peratures

Nymphal stage

Temp.

Q) Small nymph Large nymph Total

(1st=2nd) (3rd—-4th)

12.5 6.8+0.10a* 8.6+0.18a 15.5+0.21a
15.0 5.5+0.09b 6.2+0.11b 11.7£0.16b
175 4.3%0.19c 5.7+0.12¢c 9.9£0.25¢
20.0 3.2+0.06d 4.0+0.09d 72+0.12d
225 3.6+0.08d 3.6+0.07de 73+0.14d
25.0 3.3+0.06d 3.56%0.07e 6.7+0.06d
275 4.3%+0.09¢c 5.6+0.32bc 9.7£0.34c

*Means followed by the same letter within a column are not significantly
different (p>0.05, Tukey's studentized range test).

Aol AT & 4 AATh Barlow (1962) = <&
7R 257t S7VE AobA 30.0°CO
7} Z¥, Kazino (1976) & A 2% 3 25.0°COA
F717k0] 71 Frof 2 A} Aolet AxtE S
oy F A BE 2k Frto| iE o U577
o] gotx A A7t o] FolH T & A}
St ANE HZ Aoz A7t

Jo d
2
=
iIh)

4] 2= PA]E 27.5°CE Aot FKE5E7 0
e A& Fe A} E5 Y32 5= small nymph
1 0.5°C, large nymph (3rd~4th) °l| A= 4.2°C,
AA (1st~4th) YHFHLE+ 2.6°CAL, FAAARE
+ 717} 76.15DD, 69.34 DD, 144.45 DDA O™, AP
o] ZgtA (rz)% 0.96 °]Ao]| it (small nymph (1st~2nd)
F=91.86, df=1, S, p=0.0007, large nymph (3rd~4th)
F=178.66, df=1, 5, p=0.0002, total nymph F=540.78,
df=1, 5, p=0.0001) (Table 4, Fig. 1). De Conti et al. (2011)
< AT EAREY] THFH-EE7t 1.05°C, a2
L5 144.9 DD 51911, Kazino (1976)= AA4G 7
QE FASONA deYH2Eet fFaasee s 27t
3.6°C, 131.0 DD, 4|52 3.3°C, 160.3 DD} 5] & A
Aol A H-59H 2% = De Conti et al. (2011)2}+ Kazino
(1976) 9] T2 AN, FR 442 S = De Conti et al.
(2011) 9] A3t} -9 ARSI,
A AE o8&t 59| B
ol Aol A 20 H
STt (Park et al. 2013). e gL
25 TFob7ol ¢4 Adloll 2 71A= 89150
AP HETL F426] o] Fo]Hof gtk
ARG S s7HA] 9] B A5 2Y (Lactin 2,

Briere 1, 2, Logan 6, Poikilotherm rate) ]l 4-§3t A3} 2%

=

Ho
of
juby
ro
H1
o
Jo
ol
)
2

o ™
ol
iy
2 4 orle

Table 4. Lower threshold temperature and thermal requirement estimated by linear regression for Macrosiphum euphorbiae

Lower threshold temperature (°C) Degree days (DD)

Stage Regressions equation r
Small nymph (1st-2nd) Y=0.0131x-0.0072 0.96
Large nymph (3rd-4th) Y=0.0142x-0.0602 0.98
Total Y=0.0068x-0.0177 0.99

05 76.15
4.2 69.34
26 144.45
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Small nymph (1st-2nd)
® Obsered
Y=0.0131x-0.0072

Large nymph (3rd-4th)

® Obsered

Brierel Brierel
——— Briere2 Briere2
o Lactin2 3 a2 ——-Lactin2 N
= - - Modified Sharpe and Demichele EN 5 02 Modified Sharpe and Demichele N
T o Logané \. = Logané \ié
% Linear E ——Linear
= o
g 0.15 E 043
E 3
o o
g 0.5(C) % 4.2(C)
8 oos S o 005 ‘__7'/'
5 10 15 20 25 30 5 10 15 20 25 30
-0.05 -0.05
Temperature(°C) Temperature(°C)
055 ¢ < Gisarad Total nymph
Brierel
——Briere2
—--lactin2
I~ - - - Modified Sharpe and Demichele
Z 0B | ogans
= ——Linear
:i': Y=0.0068x-0.0177
s
'_3 0.15
o
£
o
k)
g
3
Q o005
5 10 15 20 25 30
-0.05 Temperature(°C)
Fig. 1. Developmental rate curves (1/day) for immature stages of Macrosiphum euphorbiae. The linear and five non-linear models were
used.

7t St ASE HEHA S BloH, 25.0°COfl
A Vg e e BT, T olge] LxEelAE oA 7t
251get AR EER el g AT s7h] BE
@ 3 Briere 2 (¥ =0.99), Logan 6 (¥’ =0.99), Poikilotherm
rate (©*=0.99)7} 7V sl o, £ 28 a4 (HL),
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o7 FAE= parameter WS AYAFIHE 4
HEo] et H5-S Logan 6 B3] 71 & A9
S\t (Table S, Fig. 1). IRA-Z0f thet e} 53t
AZ otolu] gig A oﬂow-ow AAE B AgE R
P2 Schoolfield et al. (1981)©] A|A$ Poikilotherm rate &

22 Logan et al. (1976) 2] Q& WP Lactin2 1Y
(Lactin et al. 1995)Z ©|-8gF &4 O] ool ol 2
Kim et al. (2012)2] E0lSATIE AJofA] ¢ro] T 1
G} Briere 1 (Briere et al. 1999 )"% ZF71ek Al 7HA] v
RS olge 2ol olRol At shut M
SHdo] e mdd gyo 2ol & il
o5t Aeret vre-S A 7} Mg
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pa ek
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Ay
)
ue
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e
U
w
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1o

o

NN oY
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4

I
mlo N 3

st AA=ES L5V
H 2o TAglo] HlRh ek
=i —E'Tﬁe gt 4= Itk (Sharpe et al. 1977; Curry
1978b). w2hA Curry etal (197821)O AARt 5L A3
@] AL Hs7|IXte B STt e E Lo
L7174 ASHAZ] &, 2-Weibull, 3-Weibull 3Hof] 4
AlA vt Ayt F g4 B AT ()7} 0.92 o4
= 71—1]-/\0?]111;4\5 7Hx-" E__,] I?jl'gr%i_?_ ZF s
T} (Table 6). 3-Weibull &5 ©]-83 W& etm =41
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Table 5. Estimated parameters for six non-linear models describing the relationship between temperature and the developmental rate of
all immature stages of Macrosiphum euphorbiae

Nymphal stages

Model Parameter and r?
Small nymph (1st-2nd) Large nymph (3rd-4th) Total
0 0.142747 0.165508 0.156125
T 30.77207 30.33076 30.59623
Lactin 2 AT 6.929963 6.011199 6.383781
A -0.01978 -0.00551 -0.00152
r? 0.97 0.97 0.99
a 0.00022 0.000241 0.000111
Briere 1 T 0.08108 4.051998 1.951125
T 29.56056 29.57023 29.75675
r? 0.97 0.94 0.97
a 0.000256 0.000289 0.000127
To -11.3819 -11.1868 -15.6533
Briere 2 T 28.02986 2754247 2763962
b 4.149589 8.936102 7108221
r 0.98 0.98 0.99
W 0.046926 0.04019 0.023377
o 0.12395 0.087563 0.085137
Logan 6 T 30.42869 29.17776 29.65343
AT 5.369468 2.077432 2.613204
r? 0.97 0.99 0.99
RHO25 0.318479 0.384826 0.586809
HA 126.8234 16925.04 24946.66
. HL -37982.3 -119720 -27319.7
xgdgf$§EZ[§e T 286.4957 2184716 2910955
HH 617010.39 82349.53 404799.3
TH 300.9426 300.041 300.329
r? 0.99 0.97 0.99

Table 6. Estimated parameters for three stage emergence models for each stage of Macrosiphum euphorbiae

Nymphal stage

Model Parameter and r?
Small nymph (1st-2nd) Large nymph (3rd-4th) Total
B 0.93617518 0.9353233 0.9574339
2-parameter Weibull n 6.3572408 9.4816074 11.146299
r? 0.87 0.89 0.92
B 1.0155844 0.1809075 0.24795327
3-parameter Weibull Y 6.9208462 1.7864761 2.6947141
P n -0.079110331 0.72727242 0.70588076
r 0.87 0.90 0.93
= < 5 AT (F ig. 2). 3-Weibull e BIIHE (Kim 3. 4% +Ba Axp
et al. 2004), 5502 A HE (Kim and Kim 2004; Kim et al. = = =
! - A5 QAT 4547 D A7 4 24 450l
2012), B Bl /\E(Lee etal. 2007), St R 5]9] 0L} 27|17k Zot A2 Absl] Beb R A
Park et al. 2010), S B2 5}2] (Jeon et al. 2012), 35 — _ -
e el e ol o W 27.5CE AR O 2N 2AAE 45
ark et al. 2013) & = = =
° o 43e L7t A5Bel wet FolAl Ae 1Y
FUEd Y o 25 wh s @l v s ) -
- O}, 15.0~25.0°C7kA] 9] 9= AR 2ol & Hol
- 2] ettt & A} = 20.0°C (644715 7102 AL
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Small nympal (1st - 2nd)

Large nymph (3rd - 4th)

Total

Normalized time

Normalized time

S s 1 § 1

; :

9 = a

2 0.5 o 0.5 o 05
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Fig. 2. Cumulative proportions of developmental completion for each immature stage of Macrosiphum euphorbiae as a function of normal-

ized time (the 3-parameter Weibull function was used).
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ZFolEx= HE H ) (adult longevity F=6.52, df=6,
4, »=0.19, p=0.0001; fecundity F=12.88, df=6, 184,
r=0. 32 p=0.0001; Nymphs/female/day F=7.34, df=6,

=0.16, p=0.0001) (Table 7). Barlow (1962)+ 72}
Sz AFe 80 7MY w2 2k sCRAL 7t
f o }1}— AARE 25 = 10.0°CS T Kazino (1976)

1 o Batrrgol 7P Ao, FAIS
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Table 7. Adult longevity (mean = SE) in days and fecundity (mean =+
SE) of Macrosiphum euphorbiae under six constant temperatures

T((eorg)p ' n Longevity Fecundity f(la\lr:r/wrawg/zz/y
12.5 29  29.6*1.12a* 476+3.45b 1.2+0.13c
15.0 16 22.9+1.46b 53.0+3.05ab 1.3£0.20c
175 28 19.7+1.68bc 60.7+4.52a 1.8£0.20bc
20.0 24 16.9+1.27cd 64.4+3.93a 2.9+0.33a
22.5 29 13.4£090de  44.4%+3.19bc  2.5+0.26ab
25.0 17 10.6+1.30e 274+3.36d 1.7£0.36abc

*Means followed by the same letter within a column are not significantly
different (p>0.05, Tukey's studentized range test).

EAQERT A& o ASsh= Fo2 Y7t

4, ENMUE

ARELE A4 -2 o9 YAlot= Aoz gy
7 Qlo] & ARAA L HE 19 7H7H 0992 AAsH
o] JHEE 51Tt Table 82 AALFAXRES] 2
H A a0 stetu|EE Bl ok &5 7Hs (Ro)
20.0°CONA] 6322 7P =9k, ATy 1202 74
5 AARLE F 2ol Bk WAAAZTHE (r) T 7]
A AZ7HE (1) 25.0°CollA 7H =%ko 20.0°C2t
9] TAA Apol= gllom, vi4371717H (D) T BtAl

717 (T)2 25.0°COllA 71 AA] YEbst Tt (Table 8).

Barlow (1962)+ %5 7H (Ro) ¥ WA AZ7HE (rm)
Z+7} 10.0°C<} 20.0°COllA 71 =9k, BAAIt 717 (T)

2 25.0°CollA 7HE At whebA AR dAinE ] B
gof gt &= 20.0~25.0°C HY7FE8of H & =
Ao 2 AHZFETE, Kim et al. (2007) 2] R 52 REo
M de-o] 22 &5 272 20.0~30.0°C H Y2t 5191,
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Fig. 3. Age-specific survivorship (solid line) and age-specific daily fecundity (solid line with solid dots) of Macrosiphum euphorbiae under
six constant temperatures.

Table 8. Jackknife life table estimates of Macrosiphum euphorbiae

Temp. (°C) Ro Im Dx A T
12.5 479+776¢ 0.156£0.0064d 4.449+0.1854a 1.169+0.0076d 24.860+0.9534a
15.0 50.0+6.12bc 0.207+0.0065¢ 3.340+0.1050b 1.231+0.0080c 18.857 +0.5558bc
175 49.5+8.64bc 0.210+0.0108¢c 3.292+0.1689bc 1.234+0.0134c 18.548+1.1756b
20.0 63.2+8.16a 0.311+0.0154a 2.227+0.1102d 1.365+0.0210ab 13.329+0.6431c
225 42.8+6.46d 0.289+0.0117b 2.398+0.0971d 1.335+0.0156b 13.008+0.5176¢
25.0 26.8+2.97e 0.331+0.0122a 2.091+0.0770e 1.393+0.0170a 9.929+0.3986d

Ro: net reproductive rate (female/female), r : intrinsic rate of increase (female/female/day), D;: Doubling time (day), A: finite rate of increase (female/female/
day), T: Mean generation time (day). This statistics were obtained using Maia's SAS Program (2000). Means in a column written by different letters are
significantly different (Tukey's HSD test: p<0.05).

Kim et al. (2014) 9] G| F7HEAREE 24.0~27.0°C] | 7] 16L:8D), 77 & ZX71oA 1~25, 3~48 9] 2@A =
7t o] Aget 22 Hofrh tjRE o] AQE e TEoto] ZAFSHTE oFF0] AFEES 77 % 5 670
2T HYE WA= 20.0~30.0°C2] HY 2 FA ) 514 204 10% B|To] o, 27.5°CollA] AFTES 53.0%
T 7]E 2EUS Aol A== A= A4 Aot 2 BE717EE 15.0°Col A 15.59Y, 25.0°CollA =
Jl fo oAFE ASSHA il AFAES] el whet 6798 11207 ZHps WS7|hE Fobs o, 27.5°C
Aitg TEohal ot 2 Ao s AAEAIE = ol A= W 7I7to] thA] AojA] 9.7YG0]SITt. oFF9] W
gt 53 YRS Aokl FAA 2] HES ol & FHLEE 26°CHI, FEAHAL T 1445 L) oF
A4 AR RAE] gt Bt geit A7HE EESHSI FO S-S 571 v SR ol A-§3 A3} Logan6

(*=0.99) Bgo] To| AR, ISP IR Y
2 2-Weibull#} 3-Weibull®] =& A4 (o] 22 0.92

o 9 9} 0.930. 2 FAFSIIT A5 I AR ol AE S
B L7t 27100 Wt FolAe AL HAT, A

AR AR = (Macrosiphum euphorbiae) @] =8 2 = 20.0°CONlA 644702 7P W2 AAE A4ttt
-2 12.5~27.5°C7A] 2.5°C IHA (NG E 65+ 5%, 35 AP EE AN =F7H (Ro) 20.0°COA 6322 71
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A0, WARAZTHE (r,)2 25.0°CONA 1.3932 71 70
t}, 8571717 (D)2 25.0°COllA] 2.0912 713 ket
71 AZ7HE ()2 25°CollA] 71 5131 (1.393), HtAl
H717H(T)2 25°CollA 9.929% 71 &t
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