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ABSTRACT: The brassica leaf beetle, Phaedon brassicae Baly (Coleoptera: Chrysomelidae), is one of the important pests infesting
cruciferous vegetables. In order to understand the biological characteristics of the insect, we investigated the effects of temperature on
development of each life stage, adult longevity and fecundity of P. brassicae at four constant temperatures of 15, 20, 25 and 27.5°C for
immature life stage and five constant different temperatures of 10, 15, 20, 25 and 27.5°C for adult stage. Eggs and larvae successfully
developed next life stage at temperature tested. The development period of egg, larva, and pupa decreased as temperature increased.
Lower developmental threshold (LDT) and thermal constant (K) were calculated using linear regression as 8.7°C and 344.73DD,
respectively. Lower and higher threshold temperature (TL and TH) from egg to adult emergence were estimated by Briere function as
5.3°C and 40.4°C, respectively. Adults produced eggs at the temperature range between 10°C and 27.5°C, and showed an estimated
maximum number, ca. 627.5 eggs at 21.7°C. Adult oviposition models including aging rate, age-specific survival rate, age-specific
cumulative oviposition, and temperature-dependent fecundity were constructed. Temperature-dependent development models and
adult oviposition models would be useful components to understand the population dynamics of P. brassicae and to establish the strategy
of integrated pest management in cruciferous crops.
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Table 1. Developmental periods (days) (mean + SEM) for each life stage of Phaedon brassicae at constant different temperatures.

Temper-ature Life stage .
. Total immature
() Egg 1st larva 2nd larva 3rd larva Pupa
15 16.5+£0.19 a 6.3£0.28 a 6.4£0.18 a 15.1+£0.46 a 10.1£0.35 a 54.2+0.65 a
20 9.7£0.15 b 4.1£0.22 b 3.7£0.23 b 7.8£0.30 b 6.5£0.32 b 31.2+0.52 b
25 6.8£0.21 ¢ 2.4+0.17 ¢ 2.2+0.12 ¢ 5.4+0.28 ¢ 4.1£0.19 ¢ 20.6+0.44 ¢
27.5 6.4+0.07 d 2.1+0.08 ¢ 2.1£0.09 ¢ 4.8+0.25 ¢ 3.440.15¢c 18.6+0.26 d

Egg: F5 146 = 1131.74, P < 0.0001, 1st larva: F3 13, = 105.09, P < 0.0001, 2nd larva: F5 12 = 181.98, P < 0.0001, 3rd larva: F3 jo3 =
213.28, P<0.0001, Pupa: F;3 94 = 147.51, P <0.0001, Total immature: F5 o4 = 1286.46, P <0.0001. Total immature means from egg to
adult emergence.
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Table 2. Linear regression analysis for Phaedon brassicae.

Life stage Linear regression P LDT K
Egg 0.0079T - 0.0560 0.0047 7.11 126.86
Ist larva 0.0257T - 0.2413 0.0087 9.37 38.85
2nd larva 0.0277T - 0.2661 0.0095 9.59 36.05
3rd larva 0.0113T-0.1010 0.0017 8.92 88.31
Pupa 0.0159T - 0.1484 0.0079 9.34 62.95
Total immature 0.0029T - 0.0253 0.0017 8.70 344.73

LDT: Lower developmental threshold. K: thermal constant. Egg: F} , =210.78, r* = 0.99, 1st larva: F; » = 113.05, 7* = 0.98, 2nd larva:
Fi.,=103.29, *=0.98, 3rd larva: F , = 601.12, * = 0.99, Pupa: F\ , = 125.75, * = 0.98, Total immature: F, , = 572.11, * = 0.99. Total
immature means from egg to adult emergence.

Table 3. Parameter estimates of polynomial nonlinear developmental rate models of Phaedon brassicaeat constant different temperatures.

Life stage .
Parameters Total immature
Egg 1st larva* 2nd larva 3rd larva Pupa*
a 8.897x107 3.430x107 0.00026 0.00012 2.088x107 2.474x107
b 5.1940 -1.8522 7.3916 7.2170 -1.7934 5.3113
c 35.7590 323.0818 38.8685 36.5507 334.0075 40.3732

* The lower and higher temperature threshold were not reasonable. Egg: F, , =701.42, P <0.0014, 7> =0.99, st larva: F> , = 118.83,
P <0.0084, * = 0.99, 2nd larva: F» , = 66.46, P < 0.0148, ¥* = 0.99, 3rd larva: F» , = 11769.7, P < 0.00008, * = 0.99, Pupa: F , =
298.38, P <0.0033, 7> = 0.99, Total immature: F,,=525.64, P<0.0019, 7 =0.99. Total immature means from egg to adult emergence.
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Table 4. Adult longevity in days and fecundity (eggs/female) (mean + SE) of Phaedon brassicae at constant different temperatures.

Temperature (°C) Pre-ovipositin Oviposition Post-oviposition Longevity Fecundity
10 24.1+1.58 a 202.3£37.67 b 33.1+6.81 ab 259.5£37.02 b 144.9£27.49 b
15 18.0£1.18 b 358.6+42.20 a 54.5+12.38 ab 431.2+48.64 a 425.3+75.53 a
20 12.5+0.76 ¢ 213.3£20.21 b 70.9+11.74 a 296.6+24.25 b 631.3+61.04 a
25 10.6+0.74 cd 129.5+13.46 be 49.3£13.27 ab 189.4+18.07 be 566.4+70.03 a
27.5 7.5+£0.34 d 85.0+11.94 ¢ 25.4+5.12 b 117.9£13.06 ¢ 493.9+65.22 a

Pre-oviposition: F4 13 = 50.64, P < 0.0001, Oviposition: F4 13, = 16.36, P < 0.0001, Post-oviposition: Fy 13 = 3.70, P < 0.0069,
Longevity: Fi 13 =17.46, P <0.0001, Fecundity: Fu 132 =9.52, P <0.0001.
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Table 5. Estimated parameter values for the adult aging rate, age-specific survival rate, age-specific oviposition rate and temperature-

dependent fecundity models of Phaedon brassicae..

Models Parameters Estimated values ”
Adult aging rate model a 4.3x10°£7.9 10 0.97
b -0.0014+0.0003
c 0.0135+0.0026
Age-specific survival rate model a 1.1072+0.0091 0.98
B 2.0946+0.0564
Age-specific cumulative oviposition rate model d 0.5431+0.0039 0.95
e 2.1631+0.0489
Temperature dependent fecundity model g 0.4491+2.3978 0.96
i 9.7673+4.0095
T 31.9319+2.8792
m 2.0205+7.5491

Adult aging rate model: F> , = 36.62, P < 0.0266, Age-specific survival rate model: F; g = 4615.17, P < 0.0001, Age-specific
cumulative oviposition rate model: F_ 495 = 9350.7, P < 0.0001, Temperature dependent fecundity model: F5 » = 14.76, P < 0.0641.
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U Q(Table 2). Wang et al. (2007a) 2] -9~ &, 9= #d]7]<]
SAAHLET}T.1,6.9,7.1°CE o Bt o WS- e
o3t Ayle} =2lsleith Choi et al. (2015)7} Ha1s} &,
tﬂﬂ, I ATHA O] SR AL AE(132.6, 88.3, 407.6DD)
AL ATH126.86, 62.96, 344.73DD) Ect LTk
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Table 6. Temperature dependent development data of Phaedon brassicae and source references in previous studies.

Temperature Life stage
(°C) Egg Larva Pupa References
8 56.6 -* Wang et al. 2007a
12 16.2 35.5 13.8 Wang et al. 2007a
15 16.5 27.8 10.1 This study
16 11.4 20.4 8.2 Wang et al. 2007a
18 7.4 16.7 6.7 Choi et al. 2015
20 9.7 15.6 6.5 This study
20 6.5 13.3 5.0 Wang et al. 2007a
21 6.8 13.3 34 Choi et al. 2015
24 5.1 10.0 4.2 Wang et al. 2007a
24 5.0 11.4 3.1 Choi et al. 2015
25 6.8 10.0 4.1 This study
27 5.0 9.4 3.0 Choi et al. 2015
27.5 6.4 9.0 34 This study
28 43 8.7 3.2 Wang et al. 2007a
30 5.1 9.0 3.5 Wang et al. 2007a
30 4.5 8.5 32 Choi et al. 2015
32 53 - Wang et al. 2007a
33 Not hatched Choi et al. 2015

*The egg could not develop next life stage.

o] AT AR EAE kg Al Ak
7] 918+ Z=ujjat AJ&Fake] elHo|th(Schowalter, 2011). & oIt
O A= 10°Col| A AFo] AE3FAL AFES 31$IT) Wang et al.
(20072)2] - 12°Co)|A] QF=0] BA17]7} o] Fo] x| A] ¢ko}
Kg52er 9 A1ehe] AakE Q17 Flgich o] Ak
7F2-20, 25,27.5°Cof|A] 12.5, 10.6, 7.5 ©]+=t]| o]=3t 2
T= Wang et al. (2007a)2] 20, 24, 28°Col|4] AiK12.4, 8.9,
7990k SAISHATE. TTRfUh A e L 91910120, 25, 27.5°C
of| 4 Ax}71296.6, 189.4, 117.9Y)7} Wang et al. (2007a)2] 2
TH(71.8, 65.4, 58.8 ) Hrt AR}, A= 25°CE Al 9]staL
H A3 9] AuK631.3, 566.4, 493.971) 7} Wang et al. (2007a)
9] A1K481.2,768.7, 414.47l) .t} Welkth Wang et al. (2007a)
o] AL 1.2(30°C)oA] AAH O Z FHE JZEOF WreS

199 a1 A0 AR SHHbH B I o B A E S E35) 30°C
of| A AJZ0] AY=E3FA] FE3F9 T 20°Co s}l A= AR A 7]
£ Yetdl= Aol 33815 UERAL 72 AFehAd trimodal
s Ho|EQIthFig. 4). F275 4= i, 7R Hol A
A1t A A AR} o] TaE i Aow o
24 ek A12(10°C o)l A A4 5-<] *“14 AJ 54 Q1 Abeh,
15°ColdollA FFoz Aaal Bss F27ked 7t

3T
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MRSl 2ol 28 H59S et Fa3t At5ol
o ARAANE F2 e 43 BRI 71
710 1247k oAdo] =)l ShH-S 57 =] (Wang et al., 2007b)
AR AR 16:8(F: DN ol Akg QAT
7hERA] A2k e 22) WakE Mol Aol g Ao
23}

Aol g %
WH/19) LTS} LENE Y, WRARTE, §50| 5
AL 8 AR S RS 2 Aol AN

=0 =

4 RS YT ARES WA el SIS 2 2

¢

ek 56} 0] 0] 288 oA A AL
Kok %] AAlat TAE e A2 Wstel v L g
of Tigt 17 B astcl.
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