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Comparison of Development times of Myzus persicae (Hemiptera:Aphididae)
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ABSTRACT: The developmental time of the nymphs of Myzus persicae was studied in the laboratory (six constant temperatures from 15
to 30°C with 50~60% RH, and a photoperiod of 141.:10D) and in a green-pepper plastic house. Mortality of M. persicae in laboratory was
high in the first(6.7~13.3%) and second instar nymphs(6.7%) at low temperatures and high in the third (17.8%) and fourth instar
nymphs(17.8%) at high temperatures. Mortality was 66.7% at 33°C in laboratory and 26.7C in plastic house. The total developmental
time was the longest at 14.6 C (14.4 days) and shortest at 26.7°C (6.0 days) in plastic house. The lower threshold temperature of the total
nymphal stage was 3.0°C in laboratory. The thermal constant required for nymphal stage was 111.1DD. The relationship between
developmental rate and temperature was fitted nonlinear model by Logan-6 which has the lowest value on Akaike information criterion
(AIC) and Bayesian information criterion (BIC). The distribution of completion of each developmental stage was well described by the
3-parameter Weibull function (r2 =0.95~0.97). This model accurately described the predicted and observed occurrences. Thus the model
is considered to be good for use in predicting the optimal spray time for Myzus persicae.
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(2004)2 15C oA 12.4%, 30C oA 5.04 = 2 A7 o] 7|7t
R} o 4glou, Barlow(1962)= 15C oA 6.3, Liu and
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Table 1. Age-specific mortality of Myzus persicae at various temperatures in the laboratory and plastic house

Place Temperature (C) Nymphal mortality (%)
Ist 2nd 3rd 4th Total
15 6.7 0.0 0.0 0.0 6.7
18 6.7 6.7 0.0 0.0 133
21 13.3 0.0 0.0 0.0 133
Laboratory 24 0.0 0.0 0.0 0.0 0.0
27 0.0 6.7 0.0 0.0 6.7
30 0.0 13.3 13.3 0.0 26.7
33 0.0 6.7 26.7 333 66.7
12.6+£10.3 (23 Mar.~15 Apr.) 10.0 33 0.0 0.0 13.3
14.4+8.3 (3 Apr.~28 Apr.) 17.8 8.9 44 22 333
) 17.6£6.8 (19 Apr.~14 May) 11.1 6.7 6.7 0.0 24.5
Plastic house
20.246.2 (3 May~24 May) 13.3 17.8 4.4 0.0 35.5
21.5+5.9 (16 May~2 Jun.) 20.0 222 0.0 0.0 22.22
28.5+3.8 (3 Aug.~20 Aug.) 17.8 13.3 17.8 17.8 66.7
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Table 2. Development period(day, mean=SE) for the nymph stages of Myzus persicae at various temperatures

Developmental periods (days + SE)

Place Temperature (C)
Ist 2nd 3rd 4th Total
15 3.85+0.41a 2.17+£0.70a 2.07+0.59a 1.98+0.61a 10.07+2.25a
18 3.25+0.65b 2.08+0.52ab 1.56+0.41bc 1.28+0.25¢ 8.16+1.76b
21 2.62+0.18¢ 1.33+0.28¢ 1.64+0.32b 1.64+0.32b 6.93+1.04¢
Laboratory
24 1.09+0.32d 1.38+0.31c 1.38+0.29¢ 1.17+0.24d 5.02+1.06d
27 1.61£0.57¢ 1.17+0.27¢ 1.06+0.25d 0.96+0.27¢ 4.79+1.32de
30 0.99+0.39¢ 1.24+0.21c 1.28+0.22¢ 1.11+0.32d 4.62+1.09¢
12.6+10.3 (23 Mar.~15 Apr.)  3.89+0.65a 3.65+0.43a 3.47+0.17a 3.43+0.52a 14.43+0.80a
14.4+8.3 (3 Apr.~28 Apr.) 2.18+0.09bc  2.97+0.10b 2.94+0.10b 2.87+0.11a 10.97+0.23b
Plastic house 17.6+6.8 (19 Apr.~14 May) 1.83+0.23bc 2.52+0.14¢ 2.66+0.13c 2.32+0.35b 9.32+0.97¢
20.2+6.2 (3 May~24 May) 1.74+0.16bc 2.27+0.24¢ 2.25+0.18d 2.15+0.17b 8.41+0.57d
21.5+5.9 (16 May~2 Jun.) 1.75+0.00bc 2.14+0.04cd  2.23+0.04d 1.86+0.13b 7.97+0.15¢d
28.5+3.8 (3 Aug.~20 Aug.) 1.59+0.16¢ 1.78+0.09d 1.45+0.17¢ 1.2240.20¢ 6.03+0.25¢
% values followed by the same letter within a column are not significantly different(P>0.05, DMRT).
Table 3. Lower threshold temperatures and thermal requirements estimated by linear regression for Myzus persicae
Place Stage Intercept Slope r L?:nf;g::jrhez)ld Deég];:;)gay
Ist -0.539 0.05 0.76 10.8 20.0
2nd -0.077 0.027 0.80 2.9 37.0
3rd -0.160 0.024 0.72 6.7 41.7
Laboratory 4th -0.138 0.029 0.66 4.8 345
Pre-nymph -0.142 0.02 0.89 7.1 50.0
Post-nymph -0.074 0.013 0.70 5.7 76.9
Total -0.027 0.009 0.94 3.0 111.1
2 Lower threshold temperature = | intercept/slope | .
o Degree Day = 1/slope.
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Table 4. Parameter estimates of the three non-linear models describing the relationship between the development rate of nymphal stage

of Myzus persicae and temperature

Nymphal stage

Model Parameter - o . T Pre-nymph  Post-nymph Total nymph
a 0.00031 0.00037 0.00027 0.00030 0.00015 0.00017 0.00009
Briere 1 To 6.878 -2.437 -9.972 -10.148 2.977 3.665 0.616
L 50.35 35.22 36.23 36.97 43.64 40.30 37.35
P 0.064 0.131 0.165 0.165 0.156 0.125 0.150
. Ty 56.71 35.36 33.74 34.03 36.60 38.46 35.44
Lactin 2
AT 13.43 7.50 6.02 6.02 6.39 7.93 6.64
A -0.7107 0.0381 0.2632 0.2886 0.0156 -0.0559 0.0191
0.0855 0.1485 0.2278 0.2484 0.0360 0.0560 0.0391
Logan 6 P 0.1473 0.1076 0.0510 0.0521 0.0971 0.1346 0.1264
T 38.96 35.59 30.23 30.29 34.92 37.04 36.17
AT 6.11 6.62 0.17 0.20 6.42 6.42 6.76
Table 5. Goodness-of-fit evaluation of Myzus persicae at the nymphal stage
Model Parameter Nymphal stage Pre-nymph  Post-nymph Total nymph
Ist 2nd 3rd 4th
IS 0.7579 0.8889 0.7795 0.7037 0.9758 0.9045 0.9688
Briere 1 AIC -63.8 -94.9 -86.5 -75.4 -128.5 -116.8 -150.6
BIC -60.9 -92.1 -83.7 -72.5 -125.7 -113.9 -147.1
IS 0.7570 0.8926 0.8326 0.7393 0.9845 0.9492 0.9775
Lactin 2 AIC -61.7 -93.6 -88.6 -72.9 -133.2 -124.2 -153.5
BIC -58.2 -90.1 -85.1 -69.4 -129.7 -120.7 -150.0
r 0.7516 0.8926 0.9007 0.784 0.8973 0.8542 0.9771
Logan 6 AIC -59.4 91.4 -94.5 -76.1 -132.2 -139.2 -156.4
BIC -55.1 -87.2 -90.2 -71.9 -128.0 -134.9 -152.1
Table 6. Estimated parameters of Weibull function for the o], o] -2 AIH=Kim et al.(2004) 2] A}t F-ABHATE
development completion of the nymphs of Myzus persicae .20 H|UBhoof BaiolEATIRS HaA | ER 11
Lifestage 1 B v SEM ° %2 7F 3] Fo) B g 8-S FAT 2 AR} 7
Ist 41.696 176.558 -40.716  0.104 0.8950 A7) 0] H|UEe-A L 2 Hlglo 7 2= Hhe- S o &3} ZF
2nd 0.892 3721  0.089 0.086 0.9367 2 v)wst A3Fig. 1), ] Q] HFZEo = AJZ0FS-2 o =3}
3rd 2510 11116 -1.505  0.066 0.9615 AL ) 7P QAR 2T 92 4 YgIT) Ao AR 2
4th 1226 5280 -0.249  0.083 0.9454 ARFe o Z7pEt o 2] Ao] Rt o 257t 2alr)
Pre-nymph 0.697 3296 0.320 0.071 0.9518 149 F2:0]F SYTIR = G| 27} K} o WA o] e
Post-nymph 1430 6391 -0.400 0.064 0.9596 e}, o] 2]k AT Park et al. (201 1) ofHe] UEAT T
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Fig. 1. Comparison of predicted cumulative curves and observed proportion on each transplanting date of Myzus persicae.

Ab A}

2 AT FENEHY AR E WAl T 2w A
SJAFAA AA (A S PI007395092012)° 2HA| <] 2]
ol oJsf == 3=
Literature Cited

Ali Niazee, M.T., 1976. Thermal unit requirements for determining
adult emergence of the western cherry fruit fly in the Willamatte
Valley of oregon. Environ. Entomol. 5, 397-401.

Barlow, C.A., 1962. The influence of temperature on the growth of
experimental populations of Myzus persicae (Sulzer) and Macrosiphum
euphorbiae (Thomas) (Aphididae). Can. J. Zool. 40, 145-156.

Briere, J.F., Pracros, P., 1998. Comparison of temperature-dependent
growth models with the development of Lobesia botrana (Lepidoptera
: Tortricidae). Environ. Entomol. 27, 94-101.

Briere, J.F., Pracros, P., Le Roux, A.Y., Pierre, J.S., 1999. A novel
rate model of temperature-dependent development for arthropods.
Environ. Entomol. 28, 22-29.

Burnham, K.P., Anderson, D.R., 2004. Multimodel inference :
understanding AIC and BIC in model selection. Sociol. Methods
Res. 33, 261-304.

Butts, RA., McEwen, F.L., 1981. Seasonal populations of the
diamondback moth, Plutella xylostella (Lepidoptera: Plutellidae),
in relation to day-degree accumulation. Can. Entomol. 113,
127-131.

Campbell, A., Frazer, B.D., Gilbert, N., Gutierrez, A.P., Markauer,
M., 1974. Temperature requirements of some aphids and their
parasites. J. Appl. Ecol. 11, 431-438.

437

Development times of Myzus persicae its Development Models



Capinera, J.L., 2000. www. Creatures. Ifas.ufl.edu/veg/aphid/
melon aphid. htm.

Choi, J.S., Hwang, C.Y., Goh, H.G., Kim, L.S., Lee, S.G., 1996.
Insect pests fauna and their spatial distribution pattern on Kale
(Brassica olerecea L. var. Acephala DC). Korean J. Appl. Entomol.
38, 489-494.

Chon, T.S., Hyun, J.S., Park, C.S., 1975. A study on the population
dynamics of overwintered small brown plat hopper, Laodelphax
striatellus (Fallen). Kor. J. Entomol. 5, 21-23.

Eckenrode, C.K., Chapman, R.K., 1972. Seasonal adult cabbage
maggot populations in the field in relation to thermal unit
accumulations. Annals of the Entomological Society of America
65, 151-156.

Han, M.W,, Lee, J.H., Lee, M.H., 1993. Effects of temperature on
development of oriental tobacco budworm, Helioverpa assulta
Guenee. Kor. J. Appl. Entomol. 32, 236-244.

Howe, R.'W., 1967. Temperature effects on embryonic develop-
ment in insects. Annu. Rev. Entomol. 10, 15-42.

Kennedy, J.S., Day, M.F., Eastop, V.F., 1962. A conspectus of
aphids as vectors of plant viruses. Commonwealth Institute of
Entomology, London. pp. 114.

Kim, D.S., Lee, J.H., 2003. Oviposition model of Carposina sasakii
(Lepidoptera : Carposinidae). Ecol. model. 162, 145-153.

Kim, D.S., Lee, J.H., Yiem, M.S., 2001. Temperature-dependent
development of Carposina sasakii (Lepidoptera : Carposinidae)
and its emergence models. Environ. Entomol. 30, 298-305.

Kim, J.S., Kim, T.H., 2004. Development time and development
model of green peach aphid, Myzus persicae. Kor. J. Appl.
Entomol. 43, 305-310.

Kim, J.S., Kim, Y.H., Kim, T.H., Kim, J.H., Byeon, Y.W., Kim,
K.H., 2004. Temperature-dependent development and its model
of the melon aphid, Aphis gossypii Glover (Homoptera: Aphididae).
Kor. J. Appl. Entomol. 43, 111-116.

King, E.G., Phillips, J.R., 1989. The 42nd annual conference report
on cotton insect research and control. in: Proc. Beltwide Cotton
Production Research Conference, Memphis, Tennessee, USA.
pp. 180-191.

Kocourek, F., Beraniova, J., 1989. Temperature requirements for
development and popultion growth of the green peach aphid Myzus
persicae on sugar beet. Acta Entomol. Bohemoslor. 86, 349-355.

Lactin, D.J., Holliday, N.J., Johnson, D.I., Craigen, R., 1995.
Improved rate model of temperature-dependent development by
arthropods. Environ. Entomol. 24, 68-75.

Lee, Y.H., 2010. Simulation study on model selection based on AIC
under unbalanced design in linear mixed effect models. Kor. J. A.
Stat. 23, 1169-1178.

Liu, S.S., Meng, X.D., 1999. Modelling development time of
Myzus persicac (Homoptera: Aphididae) at constant and natural
temperatures. Bull. Entomol. Res. 89, 53-63.

Logan, J.A., Wolkind, D.J., Hoyt, S.C., Tanigoshi, L.K., 1976. An

438  Korean J. Appl. Entomol. 51(4): 431~438 (2012)

analytical model for description of temperature dependent rate
phenomena in arthropods. Environ. Entomol. 5, 1133-1140.

Lykouressis, D.R., 1985. Temperature requirements of Sitobion avenae
(F.) necessary for ecological studies, by assessing methods for the
estimation of instar duration. Z. Ang. Entomol. 100, 479-493.

MacGillivary, M.E., Anderson, G.B., 1958. Development of four
species of aphids (Homoptera) on potato. Can. Entomol. 90,
148-155.

Park C.G., Park, H.H., Uhm, K.B., Lee, J.H., 2010a. Temperature
-dependent development model of Paromius exiguus (Distant)
(Heteroptera: Lygaeidae). Kor. J. Appl. Entomol. 49, 305-312.

Park C.G., Park, H.H., Kim, K.H., 2011. Temperature-dependent
development model and forecasting of adult emergence of
overwintered small brown planthopper, Laodelphax striatellus
Fallen, population. Kor. J. Appl. Entomol. 50, 343-352.

Park, C.G.,Kim, H.Y, Lee, J.H., 2010b. Parameter estimation for
a temperature-dependent development model of Thrips palmi
Karny (Thysanoptera: Thripidae). J. Asia Pac. Entomol. 13,
145-149.

Petitt, F.L., Smilowitz, Z., 1982. Green peach aphid feeding damage
to potato in various plant growth stages. J. Econ. Entomol. 75,
431-435.

Raftery, A.E., 1995. Bayesian model selection in social research.
Sociol. methodol. 25, 111-163.

Schoolfield, R.M., Sharpe, P.J.H., Mugnuson, C.E., 1981. Nonlinear
regression of biological temperature-dependent rate models based
on absolute reaction-rate theory. J. Theor. Biol. 66, 21-38.

Scopes, N.E.A., Biggerstaff, S.B., 1977. The use of a temperature
integrator predict the developmental period of the parasite
Aphidius matricariae. J. Appl. Ecol. 14, 799-802.

Shi, P., Ge, F., 2010. A comparison of different thermal perfor-
mance functions describing temperature-dependent development
rates. J. Thermal Biol. 35, 225-231.

Slosser, J.E., Pinchak, W.E., Rummel, D.E., 1989. A review on
known and potential factors affecting the population dynamics of
the cotton aphid. Southwestern Entomologist 14, 302-313.

SYSTAT software inc. 2002. TableCurve 2D Automated curve
fitting analysis: Ver. 5.01. Systat software. inc. San jose. CA.

Wagner, T.L., Wu, H. Sharpe, P.J.H., Coulson, R.N., 1984a.
Modeling distribution of insect development time: A literature
review and application of Weibull function. Ann. Entomol. Soc.
Am. 77, 475-487.

Wagner, T.L., Wu, H., Sharpe, P.J.H., Schoolfield, R.M., Coulson,
R.N., 1984b. Modeling insect development rate: A literature
review and application of a biophysical model. Ann. Entomol.
Soc. Am. 77, 208-225.

Whalon, M.E., Smilowitz, Z., 1979. Temperature-dependent model
for predicting field populations of green peach aphid Myzus
persicae (Homoptera: Aphididae). Can. Entomol. 111, 1025-1032.





