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Effect of Temperature on Development and Life Table Parameters of
Tetranychus urticae Koch (Acari: Tetranychide) Reared on Eggplants

Ju Kim‘, Sang—Koo Leez, Jeong—Man Kim1, Young—Rip Kwon1, Tae—Heung Kim® and Ji-Soo Kim*
Muju Agricultural Technology Center, Muju, Chonbuk 568-812, Republic of Korea

Jeollabuk-do Agricultural Research and Extension Services, Iksan 570-704, Republic of Korea
2Faculty of Biological Resources Science, Chonbuk National University, Chonju, Chonbuk 561-756, Republic of Korea

ABSTRACT : Temperature dependent development of Tefranychus. urticae Koch was studied on the
leaf of eggplant at 17, 22, 27, 32 and 37C. T. urticae showed a minimum mortality at 27 C and it
increased at higher or lower temperatures than 27°C. The hatchability was low at 17 and 37C. The
duration of development decreased with increasing temperatures i.e., 5.3d at 37C and 25.8d at 17°C.
Linear regression analysis of temperature vs. rate of development yielded the higher r’ > 0.88 resulting
in a good fit of the estimated line in the range of 17~37C. Developmental zero temperature was 12.5C
for the entire immature stage of female and 12.8°C for that of male. Thermal constants were 80.5 and
74.7 degree days for those of female and male, respectively. Adult life span and oviposition period
decreased with increasing temperatures. The number of eggs laid per female peaked at 141.0 eggs at
27°C, while that was a minimum 78.0 eggs at 37 C. Rate of hatchability, ratio of female, and Ry were
increased up to 27 C, and than declined thereafter. Intrinsic rate of natural increase (Rm) increased with
rising temperatures and showed a maximum 0.5652 at 37°C. Also, )\ increased with increasing temperature.
Doubling time (Dt) and generation time (T) decreased with increasing temperature.

KEY WORDS : Fecundity, Life table, Longevity, Developmental zero temperature, Tetranychus urticae

E 5 7kNYUolA Fulolgofe] o WE W A4S AR A 17, 22, 27, 32, 37C oA
Hatolgofjo] ARpEL 27CE 7R 02 vt ey Yeide] wet $71ekla, Bakee 1708}
37C o)A @itk H{7I2EE 257) wobyol whet st AS Holal 37C oA 53U 714
o, 17Co|A 25.8U% 7P Agrh. Lol WREo| UAE Ao o] 243 A} r'gke]
0.88 ojfoz & HF oA 3T 2= 17-37CH 9ol 4] Fufol-Folj o) ¥4 22l Fad= gl
P HLEE AA|FE7I1ro] oA 12.5C, 3 128 Coqlar, HA|oFE 717 fradat s A
80.5, 3 747U=ATE A5 £ A7 2=7F ohdol wEk AobHal, eharel Hialef
Q014 tZio] 2310f Hlg| o] Ltk ko WE Abvhp= 27C oA 1410742 7H wor o,
37Col| A 78002 717 Ao Lof w2 o7t Zth Lo o Foke A WE e 270 F
AHoR 227} wolA A ol ZrAshth Hutol-gofo) R (257He)w= 2571 270E FHe
2 257} wobA AL Wobx ™ AL, m (HARAS7HE)RS ==7F sobdel met 2ol oA
37C oA A 056529 2w, N (I1E7H)E 227t wobde] wheh mobAlct. DT (sil==71ihet
T (BaAN7IZhe <=7 &bl et F4ashlnn
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ANE Bk, 13, 7, W St 2ol AT}
(Solanaceae) Al=o|m, S+H-2 Solanum melongena L.
ot} FrY- brinjal, eggplanto]il o= [F-EHo| A& A7)
H 7IR7T AR Fe] WA IR of| A vlEH AolH,
EHORE Ml 3 e 4SS f+ ErE 9
H)gtt(Lee et al., 2003). 7FAl= Sto] Eal, AJHo] x|
d2 Wols 2= 3k T8 A =sh, AAL o4,
27, 3, 2%, WY Sol BIE YilLee er
al., 2003), Z22]= A2 9bd vjetnly} Aol dj7t @
of, AA 9] 1H3HE WX |slia= a7t qlo] 7ol tigt
o] 1z E= FE Q17171 wobd AYo|thR.D.A,,
2002). 20060= A]A0] 331 ha, x2]7} 602 hao]A],
o= 10atd 4,392 kg O 2, AARRES. 36,205 E0|31 T}
(M.AF., 2007).

TRl el 1% SRRe Wato) g0k Tarandus
urticae Koch), ﬁ/ﬂ—?ﬂﬂ-‘%ﬁﬂ(At‘ractomorpha lata Mo-
tschulsky) 5 40%0] 71E%| o] ¢3(KSPP, 1986), Chung
ef al. (2000)2- HHo] Lol E 7129 Z2a Fro HT
sl FutolSoflis w5k 08 Ani(class Arachnida),
Q)-s-ol Akl (superfamily Tetranychoidea) ¢J-g-ojHfamily
Tetranychidae)of| <3}l 4210t Lee, 1999). Aulo]
Sof 7|FAEL BT (Morus alba L) 5 2252 Rl
3191 31(Back, 1959), Hikizi (1967)% #<7)7ko] 7| A5}
+= 7|52 wa|Wo|(Youngia japonica (L.) DC) = 81}
15%-2 3 13Kt} Lee and Lee (1995)= oLt o}7}A]
ohtRe Hastgon, PR uste) Qe 7wl
sick soick

gurolof e Heo] 2028T 2 Wiy £ L&
of A T2 TS Hol= 3FoItHR DA, 2000). 152t
Hutol goliz AL} 5 Threl F a0l o i(Yiem,
1993), 19701t} o} A 45H9A7} Shef BFH WA
(MAE., 2007), 7}=2mko] ohe} Al 512214 Ay
a2tEo| e g2 S Ho|i itk

dutolZ-oli= 2ol 15Tk 25C 8] 2279
A FHo] Aol er=thil BHUI(Verman, 1997),
Kim et al. (2001b)2- AR el B7]| 27 oA FHlol-gof
7} 10858 PASle] Aoz Uert AE4H02 S
shdon], @] AMsEeAS) HALEA} STl 94
0 & 5ehe] 2&7) 15-25CH . H Q17| wj&o
wao) @7o] gulolgole] Frol ke mAA sk
/) Wgoleh shelth. AL Holz Hatolgof
MRS O T2 16, 20, 24, 28, 30, 33°Col|A AR2F A7}

47(2), June 2008

A= 0.69~0.84 22 otFjo] Woron 16 CojA=
2Fg-7]7ko] 629417ko| g ot 33 Cof A 178412k 2
227t FE5F U7 o] Foill EeddEEe
12.1°C (Kim et al.,, 2001a)=} 3}¥ch 18 7|5RA1E
T A et we Tt AR the SR AZE
B AP 7HA] 98 Wo|R 3l 2nof mhE H8SEE
zALste] AR ENEE o ZHAIAEe] $lo] Hutolgofel
Z1A oq]:gngg a5ty Y3t 7|2 AR E AR B

AL st

EREE

B Ao o] &3F Hutol-gofl= AR sd7lesd
7FA] Al ZA ol A AR 0w, Ha|Ataof| A A
&} 712 80k l(N-P-K-Ca-Mg = 10-3-6-3-2 me/L) O 2
E 1E9 KNO; 606 g, NHH,PO4 115 g, Ca(NOs)*4H,O
354 g, MgSO4-TH,O 246 g, 54F3 g, W7k 2 g, oA
022 g, 2] 0.05 g, E2jBd 0.02 g2 3|4 &agh JH
2 Fgote] Helo|E wiR|E SRt 7HA] ¢ Ho]
2 3l §27)(27+17C, 65+5% RH, 16L:8D)oA] o
ARSBEAL Q= A& AMESHSITH

¢

23} Wz

[

Huto]g-ofj o] WEo |R|= =] FF= LA
st Sekay HET (A7 10 em, =°] 4.2 cm)2)
Hieto] Bof Al EXH-& 23 1 9o 27 5 cm&
7121 Ao B A FET T ARMKA = sk
1, A7 5 cm, =°] 7 mm HEZ o] A7 2 cm 2]
7HA Y AHE vhEo| 11 9o REBE & ol&35)e
AR Fulolgoff U2 3 Y A 2 & AT 2%
3 S0t o g ARG o] AL 17, 22, 27, 32,
37C &27)ofA Arstg e AHGE 65+5%, FT7]
= 16L:8Do| itk i AA3E A7l Ao &m|E5t
oA S e Y ARGES AT 2 AoM =
2} et bRt 7] a8l B Ankdt
2 ZhS ERISHHA P78 okl ok & A4
gy 7S 5 FHA 2y A7 E A Al
A gu A7AE $45, 3W 2y 3 & g E
AZ717E0 2 shglth oo} o] ARSsto] dojil Hik=
o|-gste] UEPHret FRALREE o3k
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(ANOVA)Z o}-835}% 9™, Tukey’s studentized range
tests ©]-838lo] F-A HAL FIAFTHP <0.05) (SAS
Institute 1999).
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TR zolE WE7IM| Ht ghe) HHow
skt

- 43x

YTt A] o] 8El= Adnle] - Hutel gt 7 &

FolA] AR UL ARRSIe] AL YFOR ZARIYT,
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=, 1O Z2. A 2
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Meyer et al. (1986)0] A|QF3t Jackknife HIH O 2 SAS
(19992 o] g3ko] Axtakct

21 ¥ a%

——

s 4x7)¢t

Blo]-2oflo] FHA| AlEEL HH 27CE 7|&
7h SoORRA W Follel whEbA ASEC] ot
8] 37C o= S8 SVt A4S &
o A719] AlEES] 57N 2AF 2 BSR4
L’rEH:l £3] 17C&} 37C°ﬂﬂ‘— 50%0°f 7}7h& &ol
BEe % oigich et 9% doks Tokko] Al
= 2] £x 2jol7} AUchTable 1)
T3k 283 vole] TAT E2ld aglel MY w0
}\‘Hf et G0 AlFEo] Yrkal K 75)od(Sabelis, 1985)

A7 Azke] 27°C Azo} B

iEOﬂ ohE ol Aol Sofio} TAE W8-L Table
29} ZtHFemale: egg; F=347.88, df =4, 76, p < 0.0001,
larva: F=127.50, df=4, 76, p <0.0001, protonymph;
F=246.05, df=4, 76, p<0.0001, deutonymph; F =
173.45, df =4, 76, p <0.0001, total immature; F'= 628.34,
df =4, 76, p <0.0001), (Male: egg; F'=149.77, df =4,
43, p<0.0001, larva; F'=98.50, df =4, 43, p <0.0001,
protonymph; F=95.82, df =4, 43, p <0.0001, deuto-
nymph; F=127.11, df =4, 43, p <0.0001, total imma-
ture stage; F'=409.61, df=4, 43, p <0.0001). =7}

)
1o In ]

ool what w8717k 17C o)A 2582% 71 4]
I, 2CE 1432, 27C =90, 32C =694, 37C =
s29l0|9lt). & £E7} Lolalo] wet we 7|7k o}

Table 1. The mortality of immature stage T. wrticae at different temperatures

Temp. No. eggs Egg mortality Immature stage mortality (%)
(C) tested (%) Larva Protonymph Deutonymph Total immature stage
17 98 49.0 4.0 4.0 8.0 16.0
22 80 30.0 3.6 7.1 | 4.0 14.3
27 62 19.4 4.0 2.0 6.0 12.0
32 96 27.1 29 5.7 5.7 14.3
37 80 55.0 5.6 11.1 5.6 22.2
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Table 2. The development period (days+SE) for immature and total immature stages of 7. wrticae at different temperatures

Temp.

Developmental period of immature (MeantSD, days)

(<) Sex (n) Fee Larva Protonymph Deutonymph Total immature stage
Female (15) 9.1+0.80 A” 5.6£0.51 A 5.5+£0.52 A 5.5+0.52 A 16.6+£0.91 A
17 Male (6) 9.0+£0.89 a 5.7£0.52 a 5.3£0.52 a 6.0£0.00 a 17.0+0.63 a
Average 9.1 5.6 54 5.7 16.7
Female (16) 6.320.60 B 2.5+0.63 B 2.7x0.48 B 2.81£0.40 B 8.0+0.82 B
22 Male (9) 6.2+0.67 b 2.8+0.44 b 2.4+0.53 b 2.9+0.60 b 8.1+0.93 b
Average 6.3 2.6 2.6 2.8 8.0
Female (18) 3.820.44 C 1.8+0.83 C 2.1£0.60 C 1.940.60 C 5.8£0.67 C
27 Male (13) 3.7£0.48 ¢ 1.6+0.51 ¢ 1.320.44 ¢ 2.1+:0.28 ¢ 4.9+0.64 ¢
Average 3.7 1.7 1.6 2.0 53
Female (18) 2.8+0.51 D 1.6+£0.51 CD 1.2+0.38 D 1.5+0.51 D 42+0.65 D
32 Male (12) 2.8+0.58 d 1.5+0.52 cd 1.1£0.29 ¢ 1.3+0.49 d 3.9+0.67 d
Average 2.8 1.6 1.1 1.4 4.1
Female (10) 1.5+£0.53 E 1.3+£0.54 D 1.0+£0.16 D 1.3£0.48 D 3.5£097 E
37 Male (4) 2.0+£0.00 e 1.0£0.00 d 1.0+£0.00 ¢ 1.5+0.58 d 3.5+0.58 d
Average 1.6 1.2 1.0 1.4 3.5

“ Within a column, means with the same letter are not significantly different (P> 0.05, Tukey’s studentized range test).
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FARC SR AFFVLES 23
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7 vhepge.
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Apolet7| Hoh= 2417 Zho| 51.2-9] 317 o 2]-3-5F Hqt
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o), Z=Ao| Z}zF 51.0, 25.7, 24.6, 364, T4TAEZ QA
o] 2A KT} =2 AFFo|otkTable 3). Kim ef al. (2001a)

Table 3. Estimated parameter of a linecar model regression for nymphal and total immature stages of 7. wurticae

Stage Intercept Slope p’ DD I
E Female -0.39+0.155 0.026+0.006 15.1 37.3 (.88
58 Male -0.24+0.051 0.019+0.002 12.6 51.0 0.97
L Female -0.28+0.081 0.029+0.003 9.7 34.5 0.97
arva |
Male -0.49+0.119 0.039+0.004 12.6 25.7 0.97
Female -0.62+0.136 0.045+0.005 13.5 22.8 0.97
Protonymph
Male -0.49+0.195 0.043+0.007 11.4 24.6 0.93
Female -0.31+0.056 0.030::0.002 103 34.5 0.99
Deutonymph
Male -0.28+0.167 0.028+0.006 10.0 36.4 (.88
Total Female -0.10+0.017 0.008+0.001 12.5 80.5 0.98
ota
Male -0.09+0.007 0.007+0.001 12.8 74.7 0.99

“ The developmental threshold (p) =

(-intercept/slope).



Kim et al.: Development and life table parameters of 7. urticae Koch 167

o) HA Tl W PP emL 121Ca} sl 8 @A
o} oFzke] Aol R},

NS Y NEEy

H%3717he 27} Lol wet hala 2 BE
Zro}# O m(Table 4, Fig. 1) (Female: F=92.84, df = 4,
67, p<0.0001; Male: F=20.76, df =4, 39, p <0.0001),
AR7I7bE 227k obalo] what ZobRTHE = 66.39,
df=4, 65, p=0.0001). 3+ AFHlo] <=Floj vla|| =Ho]
21901} Lo and Ho (1979)9} Kim et al. (1996)2] Zi}i
ot Bt

2xo] G2 Fupolgoje] Al 27T E F)zow
&7} AL wow Zhasiglal, AR Hd) 1410
Mol 22 78.07474%] Wo|7t ZLT|(F = 8.64, df =4,

20.0 r

18.0 A—2\
N 12:2 I 4 —0-17%C
2 —0—22T
E 12.0 ——27TC
@ 10.0 —x—-327TC
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2.0 15 N\ \, O .
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No. days after emergence

Fig. 1. Age-specific daily fecundity of 7. wrticae at different
temperatures.

68, p < 0.0001; Table 4), AT Alekd=0] A7k}
Zro] UERSTHE =7.45, df=4, 68, p<0.0001). Kim
(1984)2 vjLFELQle Ho]Z 3fo] 20, 25, 30, 35C <
2Zofx Akget A3t A7 d At 2571 ST
s AL o9t 2 QAT =8 A
gof| A [-ARE daFo| Ut

=slgn} A _
Hatolgoliz 27C S 71202 S5r} AU Gow

]

Hlgo| WUQ(F=410.37, df=4, 63, p <0.0001; Table
5), Ad| Eot e ZH3FE HFTHF =3.26, df =4, 63,
p<00171). o= 7hdE 918 o]z Hufo]SofE 28C
2 o= Tl AujolA Alsstas duls AR
27 28CE Aoz 2&7F 7Y ¥& u vl
7h28H = Kim ef al. (20012)9] 218} X544,
Wermelinger and Delucchi (1990)+= 5] Agst 2%
oM A7t S71elT ol TFUE 27ke) St 29
olgtx s}t B AFAD} 27C 7} 32778 ARHEA,
5}, 4] o= Bl Gulelgolrt WAlsllo] A3
3 el Ao AzhE], SaoA Hiufolgo] we
2 ARs 24T 4 glogiel AR

dYe |

Hetolsoel BB #4 vi7iHs= Table 63} 2t
FF7HER)S 2708 VIR0 R 257 AU vod
oAl Aol WA AT R () 7157

Table 4. Adult longevity and fecundity in days of T. wurticae at different temperatures (mean=SD)

Teomp. No. adults tested Longevity No. oviposition Oviposition rate
(C) Female Male (eggs/day)
17 16 20.7+43.35 a° 16.2+£3.19 a 90.2+£20.32 b 3.0£2.37 b
22 15 14.3+1.61 b 12.8+£2.64 b 121.5£36.17 a 7.4+6.03 a
27 18 10.6+£1.24 ¢ 7.2+2.59 cd 141.0+14.07 a 11.445.70 a
32 18 924+2.07 ¢ 8.0+£2.34 ¢ 119.1+35.82 a 10.8£4.96 a
37 10 5.4+1.65 d 50+1.41 d 78.0£26.99 b 8.7£6.57 a

* Within a column, means with the same letter are not significantly different (P> 0.05, Tukey’s studentized range test).

Table 5. Hatchability and sex ratio of 7. wurticae at different temperatures on eggplant leaf

Temp. (C) No. eggs tested Hatchability (%) Sex ratio (%)
17 1,441 66.0+£9.47 b 0.67+0.060 ¢
22 1,823 87.946.97 a 0.69+0.089 bc
27 1,269 91.0+1.51 a 0.75+£0.052 a
32 2,149 88.4+3.83 a 0.74+0.061 ab
37 780 58.8+£14.61 ¢ 0.71+0.034 abc

“ Within a column, means with the same letter are not significantly different (P > 0.05, Tukey’s studentized range test).
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Table 6. Lifc table parameters of 7. wrticae at different temperatures

47(2), June 2008

Temp (C) R, I'm A T DT
17 49.1474+2.47555 0.1330+0.00276 1.1422+0.00315 29.2963+0.44204 5.2111+£0.10896
22 74.7835+5.64237 0.2440+0.00380 1.2763+0.00486 17.6938+0.23176 2.8402+0.04407
27 03.4322+2.13211 0.3659+0.00396 1.4419+0.00570 12.3983+0.14074 1.8940+0.0249
32 75.0275+5.13118 0.4408+0.00918 1.5539+0.01428 9.7975+0.19339 1.5717+0.03263
37 42.7822+4.68202 0.5652+0.01834 1.7596:+0.03228 6.6514+0.23034 1.2250+0.03983

Ro; net reproductive rate (female/female), rm; intrinsic rate of increase (female/female/day), DT; doubling time (day), A; finite rate

of increase (female/female/day), T; mean generation time (day).

()& SE7t ARsatol Tet s o] Z7teige
L, SBHAIT 7 1ZHD Y #5717 1ZHDT) ] vl 7)==
2%7} Lol wfe ol S Mech Marcic
(2003)-2 A&5=I W= Lamium purpureum 1.)& Ho|=
27C oA Hutol-glE AT 2T} Rot= 76.23, 1
0310, M= 1363, DT= 224, T= 13.98 A6 0.642k7
sjo] 2 w9 27°C Rk wo] 74d AFlgIT
o= Hole} g o] Alolof 7|QIgE Aoz Az, n)i
% olg ZASYE F710] ofat A} Aol 3
2z Aoz yzEn '

r_l
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