DOI:10.6661/TESFE.2007023 A& E sFormosan Entomol. 27: 293-302 (2007) 9L ERE Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Temperature Dependent Life Table of Brevicoryne brassicae (L.)(Hemiptera: Aphididae) on Radish
[Research report]

ARER TR (88 . FUR) REFLZ2EmR (HRES]
Mei-Hwa Kuo* Hui Chianglin
SREE EME
*BHEEE-mail :E mhkuo@dragon.nchu.edu.tw
Received: 2007/09/07  Accepted: 2007/11/27  Available online: 2007/12/01

Abstract

The effect of temperature on the life history traits of the cabbage aphid, Brevicoryne brassicae (Linne.), cultured on seedlings
of radish plant (Raphanus sativus L.) in the laboratory at 70-80% RH and a photoperiod of 12 : 12 (L : D), was evaluated at 5, 10, 15,
20, 25 and 30 + 1°C. At 30°C, all cabbage aphids failed to survive. The results showed that the developmental time of immatures
decreased from 72.3 days at 5°C to 9.1 days at 25°C. According to the linear regression analysis of development rate and
temperature between 5 and 25°C, overall immature development required 198.8 degree-days above 2.2°C. Adult longevity
decreased from 16.9 days at 10°C to 7.8 days at 25°C, but adult aphids at 5°C with the shortest longevity (6.3 days) failed to
reproduce. The intrinsic rate of increase (rm) was the lowest at 10°C (0.052 offspring/female/d), and was the highest at 25°C (0.138
offspring/female/d). The population reared at 15°C had the highest net reproductive rate (RO = 18.8 offspring/female). The mean
generation time (GT) decreased as the temperature increased from 40.6 days at 10°C to 14.5 days at 25°C. The total life cycle of B.
brassicae ranges from 15-78 days and is greatly influenced by temperature, while the life cycle is shortened at higher temperatures.
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(Brevicoryne brassicae (L.)) %¥EF M ~ ¥ &Fa ~ LB BRAHNEFIH
B MRBETHEYN30°C TRELE »5~25°C THEHHEFIFM & 5°C 89 72.3 R4
4% 25°C #9 9.1 R o ¥ 5~25°C 09 AR RMBF AR EEFEX » FF KR
BB F B RAKE A 2.2°C 0 X458 5 198.8 £ B (DD, degree-days) ° £ 5°C B
BEFFHMRE (6.3 R) B ARE TR > RIFHFH4d 10°C #9 16.9 X4EHE E 25°C
89 7.8 RomIFE A E15°C B & 49 23 FR/Q B R AL B E - NENMEE (r,)
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Table 1. Duration (days) of Brevicoryne brassicae nymphs reared on radish seedling at six constant temperatures

1% Instar 2" Tnstar 3" Instar 4™ Tnstar Total
Temp. (°C) " Mean " Mean " Mean " Mean " Mean
P (SEM) (SEM) (SEM) (SEM) (SEM)
19.0 18.6 20.0 17.0 72.3
5 42 (0.6) 23 0.7 19 (1.1) 11 (2.0) 11 (4.3)
7.8 6.6 6.7 8.0 28.7
10 36 (0.2) 34 0.2) 33 0.2) 28 0.2) 28 (0.4)
4.2 3.2 3.0 4.1 14.4
15 30 0.1) 28 0.1) 26 0.1) 25 0.2) 25 (1.7)
4.1 2.1 2.2 2.4 10.6
20 30 (0.2) 21 0.1) 22 0.2) 22 0.2) 22 (0.3)
3.3 2.2 1.9 1.8 9.1
25 30 0.1) 29 0.1) 23 0.1) 17 0.1) 17 (0.3)
30 30 - - - - -

30°C ZRWFHERELAE - NILLL 5~25°C
H AR E R AR EER T 25
B G LIRS H o B E AR S K
#1> LI SAS 2 REG procedure 317 E 0 b
Z7HT (SAS Institute, 2000) e B B R AL
SL1% 0 PRI ERRE R TR N2 #iE () BRY
2 (b) » R & ln 2 BB EE (Low
developmental threshold, T}, = -a/b) K i&t&
i (thermal summation, K = 1/b) °

50 ) b RSO E 5 i B AR Bl ) (E AN [A) E
Wz 2= > JtLl SAS 2 GLM procedure
HELTEETT T 0 FLL Tukey B9 HSD (Tukey’s
honestly significant difference) 4347 LI
Wi 7E I A P A2 B (SAS Institute,
2000) °

M AEERFZEHENER

1% B P 15 2% i A E W0F 2 1705 R B B
WF R H Az B9 & k> FIH TWOSEX &
220 (Chi, 1997) » FHREHIZREF AN F]E R
T ZNTEYENEZS (intrinsic rate of increase,
ry) ™ IFHGEA (net reproductive rate, R)

PGSR (mean generation time, GT)
% > i L Jackknife (&G EER T EFS
(rm Ro>GT) ZIE¥ER7 (Meyer et al., 1986;
Chi, 1997) » F#FI|H SAS .2 GLM procedure
K Tukey H) HSD {5 EUECE 1R M EAE AR E
TR MRS 22 52 (SAS Institute, 2000) ©

REHRTEREEE e

X — B RS E R T S EEE A
TRIRE[E] o FHER PR PRI WES 30°C T A
12+ 5~25°C Fini 9% g HH 5°C 1Y
18.7 K » a5 EF MR = 25°C 1Y 2.3
Ko B{EEWFRE R RRFLL 5°C By 72.3 K
Bl 0 25°C 1 9.1 KB o

KOBAA x — BEELEKRGSEIH L%
BRI B 3 B R SRR o 55— R A DB I
BE MR IR 81.2 ~ 43.8 ~ 40.7 K 39.1
EH - BEERMURAIS -0.7~22~28 Kk
4.1°C s MEEE A 35 EHERTEE 198.8
EH » BEEMGERS 2.2°C
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Table 2. Thermal summation and low developmental threshold of different immature Brevicoryne brassicae reared on
radish seedling at 5 to 25°C

Devel 1 ti L 1 1
Instar Regression equation R? P-value evelopmental time ow developmenta

in DDV threshold (°C)
1 Y =0.00853 + 0.01231X 0.9390 0.0065 81.2 -0.7
2 Y =-0.05098 + 0.02282X 0.9291 0.0082 43.8 2.2
3 Y =-0.06883 + 0.02460X 0.9756 0.0016 40.7 2.8
4 Y =-0.10544 + 0.02558X 0.9777 0.0014 39.1 4.1
Total Y =-0.01097 + 0.00503X 0.9848 0.0008 198.8 2.2

V' DD: degree-days
Y: developmental rate (1/d).
X: temperature (5 to 25°C).

R= TRERTEGERIEE L2RaSGREEN
Table 3. Longevity and fecundity (mean + SEM) of Brevicoryne brassicae adults reared on radish seedling at five

constant temperatures
Temp. (°C) n Adult longevity (day) Fecundity (offspring per mother)
5 3 6.3 = 1.2b" 0+ 0b
10 28 16.9 £ 1.9a 10.6 + 1.9ab
15 25 15.6 = 1.7ab 22.6 + 3.4a
20 18 6.9 + 1.2ab 11.7 + 3.7ab
25 15 7.8 + 1.2ab 14.3 + 2.9ab

U Within columns, the values with different letters are significantly different at a < 0.05 (Tukey’s HSD test).

FN TRER TR EREE L2EHNE
Table 4. Population growth statistics of Brevicoryne brassicae reared on radish seedling at four constant

temperatures
Temp. Intrinsic rate of increase Net reproductive rate Mean generation time
°C) (., nymphs/mother/day) (Ry, nymphs/mother) (GT, day)
(mean + SEM") (mean + SEM) (mean + SEM)

10 0.052 = 0.005b” 8.2+ 1.7b 40.6 = 0.8a

15 0.120 = 0.007a 18.8 + 3.2a 24.4 + 0.5b

20 0.119 + 0.020a 7.8+2.Tb 17.3 + 0.5¢

25 0.138 = 0.020a 7.1+1.9b 14.5 + 0.5d

V'SEM, standard deviation of mean estimated by using Jackknife method.
? Same as in Table 3.

BENHERTES R ESE s 0.0001) ° bL 5°C Z 6.3 KA 5 10~25°C
P WF & i B H AR TR = R o AE T 10°C FIEFME 16.9 K 25°C 2F193

5~25°C TR 1a&Ems8 ANOVA ks MRy 7.8 K o S BT SRl LR A2 B o

MARFEHR SR B 2R (Fy, 54=7.15; p < M 5°C T o MER—BRIGH 42 S E
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Fig. 1. Age specific survivorship (ly), age specific fecundity (my), and net maternity value (vy) of Brevicoryne brassicae
reared on radish seedling at four constant temperatures.
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ZIR AR > 5°C RFRERZEE] 50% H
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B RIS 2R e B | AR 2 Tetd > Bl
T (Ro) > BB v, A Z HfE o HlEHhm]
Ao LL15°C IR > BIERERITER K ©

TERE T B NTEHHAS ~ JF TR ~ 7R
HARRITE 10~25°C DRI ARZE LR (Fs,
119 = 8.54; p < 0.0001 ~F5 139 = 5.38; p <
0.0017 ~ F3 139 = 361.11; p < 0.0001) ° 10°C
Z PTEHEREZS 2 DU NG (K (0.052 X
/91K ) s 1 15~25°C » A 7F 3 5l 25 5
0.119~0.138 F{X/Q/K » HAE/E IR E R A
R 72 5 o AR L) 15°C 2 18.8 T/ QA
H B HANR B > HAMR A 7~8 1K
/9 > HIREE M A B 252 o PG AR HIBE
AR L mBAREE R - BARNRE R A AR
FFEE o HhLl 10°C 19 40.6 KEHE > 1M
25°C 1) 14.5 KSR °

B @

U 55 S WF ek A P B2 R AR A R
MRS BIR -2 — o BERIE AR T > BEhiliIE
ARG AE— IR E IR > (R IR SR T RE$2
AR E I o RIFFEARE 5~25°C /15 28
WF 5 WoF % B S0 2 6 T ) B 5 L P B T A
R o LG SR B 5 1 S A (R 00F & 5 AH A
(Kuo, 1991; Lin et al., 2001; Kuo et al.,
2006a, b) ° DeLoach (1974) fF5eHs 28054
W E AL 25°C iR - ANHFSEs KB I
(Al - Markkula (1953) {5455 RT3 E
g FUKIE RS 1.7°C; Satar et al. (2005) (£t
EHRFeHlFg S 4°C » RFFeAifEE 2 #E
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2 Rl RN SR Hh B TR R AR A PR R 2
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10~11.4°C » B ZFFIMA 25~28°C » T
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#J18.4°C (HK weather home page)) » {H#%
FE RGNS (et B d B h
Tikkurila » 25 B & &8HF i ¢ 2 Helsinki Fff
AT 0 1 56 m » 1961~1990 HEAZZR IR
-4.1~-6.9°C » B F 5K 14.9~16.6°C »
YJIR% 4.5°C (HK weather home page)) ° &
LN A el PR ER N TS
REVHIRIE 1750 m» 578K 16°C» HK
7 2~5°C GRS » LI ITHE Campbell
et al. (1974) AHBAEH REE KSURRE X
el PG F e RS (RIEY T i SERTTE
SR I IR Rk 2 1 > 2R AT I = (AN [R] St [
Z LRI AR R -

Mink and Harrewijn (1987) /1~ 4Edn
KA r, ERBSZIF A S 45812 K/ N
A GE G IR » AWFRRIFAE 10°C FEAEGE S
B A B e 2 DY IRV R e i 2 A AR 1T
o EITRER/N 3 25°C A5 i e 5 DY (L P rh
FUU o (HR AR RO IE R &
KM 15°C R AR TE N 2R m & > K
25°C Z r, it RHEL 15 f 20°C A
RS2 B o BRI — % R (25°C) P HE
TERE S L B e g R PR R BRI R
TERE L REE £2TT - DeLoach (1974) 328 r,
(EERBURRHT RIBRE 2B Ema T 280 /TH
REECEAEAN AR T 2 R R F 8 - 20°C
T AT EREE L, (HZRE 0.119
Bl BF 52 2 W {E H B 2% (Brassica
oleracea) N[AlGLTE b2 RIFEAK » FIAOTERTE
FERE S 0.230 (Lamb, 1961) ~ fEMIE K5
0.191 (Root and Olson, 1969)~fEZ& AN imHi £
0.170 (Vasicek et al., 1998) ~ ff + HEHE
0.249 (Satar et al., 2005) ; £ 25°C ¥ r,, &
KIUIE Satar et al. (2005) Z 0.317 F1K >
ST ZRWFAE 8 2 R M R T R L th 253t
I 545 > A REBH A ST 2807 20 B 25°C 25t



T A #E 33~50% BHEHE + H Hiff5e(&
5~11% T2 B A RSt (Satar et al.,
2005) » ] RERE BT A Z AP H ARG AN ]
FRrEY o
Cividanes (2002) 7£ 27 VY {# MH 51T
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[t R RS R E R A > HAE20~27.5°C
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RAE26~28°CLL L - B I i & R AT E 2
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WHE BT sEE K SR MR E R AR -
IR0 ~ BRI S AR RIS RE R T ER R
2 HAEGEHM » $lg @iz 1+
TERF R AE W a3 5 1E T » B BRI s B2
WF o ZREFHIAN 55088 » MRS PRI R AR
FEREREAERL - IAFHRIVEY) ~ FHRREEE K AH R
BIRT » Bk Z AR EAS RS 28
(Kuo, 1992): 38 th @l +FAERHsE S L
5 BB 5 2 T 2 2R A R AR © DL AR
UL AR B Fesbie T FERls R L2 R
W ERiRE o T E AR R R IR - B
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Temperature Dependent Life Table of Brevicoryne brassicae
(L.)(Hemiptera: Aphididae) on Radish

Mei-Hwa Kuo*  Department of Entomology, National Chung-Hsing University, 250 Kuokung Rd., Taichung, Taiwan 402, R.0.C.
Hui Chianglin Kaohsiung Branch office, Bureau of Animal and Plant Health, Inspection and Quarantine, Council of Agriculture,
Executive Yuan, 630 Airplane Rd., Kaohsiung, Taiwan 812, R.0.C.

ABSTRACT

The effect of temperature on the life history traits of the cabbage aphid,
Brevicoryne brassicae (Linne.), cultured on seedlings of radish plant (Raphanus
sativus L.) in the laboratory at 70-80% RH and a photoperiod of 12 : 12 (L : D),
was evaluated at 5, 10, 15, 20, 25 and 30 = 1°C. At 30°C, all cabbage aphids
failed to survive. The results showed that the developmental time of immatures
decreased from 72.3 days at 5°C to 9.1 days at 25°C. According to the linear
regression analysis of development rate and temperature between 5 and 25°C,
overall immature development required 198.8 degree-days above 2.2°C. Adult
longevity decreased from 16.9 days at 10°C to 7.8 days at 25°C, but adult
aphids at 5°C with the shortest longevity (6.3 days) failed to reproduce. The
intrinsic rate of increase (r,,) was the lowest at 10°C (0.052 offspring/female/d),
and was the highest at 25°C (0.138 offspring/female/d). The population reared
at 15°C had the highest net reproductive rate (R, = 18.8 offspring/female). The
mean generation time (GT) decreased as the temperature increased from 40.6
days at 10°C to 14.5 days at 25°C. The total life cycle of B. brassicae ranges
from 15-78 days and is greatly influenced by temperature, while the life cycle is
shortened at higher temperatures.

Key words: Brevicoryne brassicae, population parameters, development,
temperature, Raphanus sativus
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