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ABSTRACT

The effects of temperature on development of Myzus persicae (Sulzer) was investigated at five constant 
temperature 17, 20, 23, 26 and 29± 1 °C, 65± 5 % RH, and a photoperiod of 16:8 (L:D) hr fed on cabbage 
(Brassicae olerasia var. capitata) under laboratory condition using the age-stage, two-sex lifetable approach. 
The intrinsic rate of increase (r) of this aphid was highest at 29°C (0.3212 d-1) and lowest at 17°C (0.0.2157 
d-1). The developmental rate of nymphs at different temperatures fit the linear equation, y= 0.005x-0.001 
with a coefficient of determination (R2) of 0.98. The thermal summation of the pre-adult, the female, and 
the total life stages (from birth to death) was 194.6, 241.8 and 430.2 DD, respectively. The developmental 
threshold of the pre-adult, the female, and the total life stage was 0.29, 10.6, and 5.29°C, respectively. The 
mean generation time was 18 d at 17°C, which declined to 10.2 d at 29°C. The net reproduction rate (R0) 
was 26.6 offspring/ individual at 29°C, and it was considerably lower than the rates obtained at other 
temperatures. The highest net reproductive rate was obtained at 20°C (R0= 54.2 offspring/ individual). 
In the absence of other limiting factors, populations of M. persicae would be expected to increase faster 
if introduced into environments having temperature ranging between 23 and 26°C.
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The green peach aphid Myzus persicae (Sulzer) 
(Aphididae: Hemiptera) is a polyphagous insect which 
has been reported to feed on more than 500 species of 
host plants from at least 40 plant families which include 
several economically important agricultural crops (van 
Emden and Harrington, 2007). It is also one of the 
most important insect pests of greenhouse crops (Kim 
et al., 2018) and is characterized of rapid population 
development due to a high reproductive capacity. It is 
an efficient vector of large number of plant viruses (Bhat 
and Rao, 2020; van Emden et al., 1969) and resistant to 
most classes of insecticide including organophosphates, 
carbamates, pyrethroids, cyclodienes and neonicotinoids 
(Margaritopoulos et al., 2021). Its feeding on host plants 
may cause indirect damage through cell sap depletion 
and retardation of photosynthesis due to sooty mould on 
foliage occurred of aphid secretion of honeydew. Insects 
are ectothermic (poikilothermic) organisms, in which 
atmospheric temperature plays a critical role in their 
developmental rate, survival, and reproduction (Davis 
et al., 2006; Wang et al., 2020).  As population dynamics 
of arthropods are temperature-dependent (Logan et 
al., 1976) and temperature affects biological processes 
(Dixon, 1998; Bale et al., 2007), lifetables for insects 
subjected to a wide range of temperatures are appropriate 
tools for describing these dynamics (Hutchison and 

Hogg, 1984; Ramalho et al., 2011). Lifetable studies, 
on the other hand, are far more inclusive, and capable 
not only of predicting development but also survival and 
reproduction rates, and are, thus, far more informative 
than studying temperature-dependent development 
alone. This paper presents the age-stage, two-sex 
lifetable (Chi, 1988) of M. persicae at five constant 
temperatures to evaluate the effect of temperature on the 
development, survival, and reproduction and correctly 
describe the stage differentiation.

MATERIALS AND METHODS

In this study, cabbage (B. oleracea L. var. capitata) 
was selected as host plant as it is one of the most preferred 
hosts of M. persicae and being one of the most popular 
and commercial vegetables in the world which is grown 
in Nepal for long time. To prevent aphid infestation, 
cabbage seedlings were grown inside a net house at 
Vegetable Development Center Khumaltar, Lalitpur, 
Nepal in 24-well-plastic tray filled with coco pit-compost 
nursery mixed in 3:1 ratio. Such seedlings were grown 
in batches of 15 to 20 days interval to maintain a regular 
supply of tender leaves for insect rearing. Before starting 
experiment the colony of M. persicae was established 
inside a net cage in the Central Agricultural Laboratory 
with the help of apterous adults collected from pesticide 
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uncontaminated cabbage field and was periodically 
supplemented with nymphs collected from such fields 
to maintain its genetic heterogeneity. Before starting 
experiment, insects were reared for 2-3 generations to 
maintain healthy stock. Experiments were carried in 
two-chambered incubator (Optic Technology, Delhi) 
available at the Central Agricultural Laboratory, Harihar 
Bhawan, Nepal maintaining desired temperature, 
keeping a constant 65± 5% relative humidity and 
photoperiod 16:8 hr light: dark for all experiments.

Before starting temperature dependent lifetable 
study, adults from stock colony were reared on cabbage 
for one generation to acclimatize at a similar laboratory 
condition maintained in the incubator. Fifty females 
from acclimatized stock were randomly picked and 
placed in plastic cups (each 0.5 l capacity with 10 cm 
at base and 11.5 cm at top diameter and 6.5 cm depth) 
separately. 1 to 2 nymphs born within 24 hr from each 
female were individually transferred to leaves placed 
in similar plastic cups by using a fine camel hair brush 
separately. Such cups were labeled and kept in the 
same chamber in the similar condition. A total of 50 to 
60 nymphs were used for temperature dependent life 
table studies. The individuals were observed daily for 
their molting and survival till adult stage. The leaves 
were replaced in every alternate day. Once reached to 
adult stage, females were checked daily for the birth 
of nymphs and such nymphs were removed from 
rearing cups after counting. Survival and fecundity 
were recorded for each individual from birth to death. 
Altogether five experiments were completed in five 
different temperatures 17, 20, 23, 26, and 29oC. When 
rearing at 32°C, no individual could survive to the female 
stage, so the lifetable data at 32 °C is not included. 

Raw data were analyzed based on the theory of the 
age-stage, two-sex lifetable (Chi and Liu, 1985; Chi, 
1988) using TWOSEX-MSChart which is available 
at http://140.120.197.173/Ecology/prod02.htm (Chi, 
2020). The mean of the development periods for 
each development stage, longevity and fecundity of 
M. persicae were calculated. The age-stage specific 
survival rate (sxj) (where x is the age and j is the stage), 
the age-stage specific fecundity (fxj), the age-specific 
survival rate (lx), and the age-specific fecundity (mx) 
were calculated from the daily records of the survival 
and fecundity of all individuals in the cohort.  The linear 
degree day model was used to estimate thermal constant 
of M. persicae which is a product of time and the 
degrees of temperature above the threshold temperature. 
It is represented by following fundamental equation:

K= D(T-T0) 	 ...(1)

Where K is thermal constant of the ectothermic 
organism, D is development time (days), T is 
temperature, and T0 is the lower developmental 
threshold temperature. These parameters were estimated 
by calculating the rate of development y=1/D  for the 
day variable and linearizing transformation of eq. 1 
The lower development temperature threshold (i.e., 
base temperature) is derived from the linear function as 
To- 

a/b  and thermal constant K is simply the inverse of 
slope (b) which is the average duration in degree days.

RESULTS AND DISCUSSION

The present results show that M. persicae is sensitive 
to changes in temperature. Temperature affected its 
developmental time, survival, and fecundity. The total 
developmental time in pre-adult stages (nymph to 
female) ranged from 5.5 d at 29°C to 11.1 d at 17°C. 
Like most ectothermic organisms, the developmental 
time of M. persicae decreased at higher temperatures 
(Table 1), and the developmental rate increased as 
the temperature increased (Fig. 1). Shorter immature 
developmental time at higher temperature might be due 
to the increasing metabolism in M. persicae. Because 
the species is multivoltine, it would be capable of 
completing several generations in a year in Nepal. The 
developmental rates of nymphs at different temperatures 
fit the linear equation, y=0.005x–0.001 with a coefficient 
of determination (R2) of 0.98. The linear regression 
equation for female was y=0.004x–0.043, R2= 0.962. 
The thermal summation (K value) of the pre-adult 
stages, the female stage, and the total life stages (from 
birth to death) of M. persicae reared on cabbage were 
194.6, 241.8 and 430.2 DD, respectively. The thermal 
constant provides a measure of the physiological time 
required for the completion of a developmental process. 

These values are higher than those reported in 
literature as cold-adapted species tend to have greater 
DD requirements (Trudgill, 1995; Trudgill et al., 
2005; Hoffmann and Blows, 1994). Cividanes and 
Souza (2003) reported K values of M. persicae reared 
on B. oleracea L. to be 165.6 DD whereas, Liu and 
Meng (1999) calculated K values on B. campestris 
ssp. chinensis to be 119.8 DD. Thermal constant and 
respective DD requirements are also based on the 
particular morphology and size of the species. Damos 
and Savopoulou-Soultani (2012) mentioned that size at 
maturity is a function of the rate and duration of growth, 
and large size at maturity implies a long generation time 
and a correspondingly higher DD requirement.

The developmental threshold of the pre-adult stages, 
the female stage, and the total life stage was 0.29, 10.6, 
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and 5.29°C, respectively. The developmental time of 
the total life stages can be described by a quadratic 
equation y=0.14x2–8.078x+135.1 (R2=0.974) (Fig. 1). 
For many aphids, optimal fecundity and developmental 
rates occur between 20.0 and 30.0°C (Barlow, 1962; 
Dean, 1974; Tsitsipisand Mittler, 1976). Chitra and 
Gupta (2014) reported decrease in fecundity of M. 
persicae at extreme high temperature of 30°C compared 
to 25°C. M. persicae is reported to have capacities for 
increase between 4.0 and 30.0°C, and optimal survival 
and development of M. persicae occurs in between 
20 to 25°C (Barlow, 1962; Whalon and Smilowitz, 
1979; Liu and Meng, 1999). M. persicae was found 
not to reproduce above 30°C and to have a thermal 
death point of 38.5°C (Broadbent and Hollings, 1951). 

Davis et al. (2006) reported the lower and upper 
developmental thresholds of M. persicae as 6.5 and 
37.3°C, respectively. 

These results are consistent with these finding. The 
lower development threshold is found to be 5.6°C and 
not a single individual reached to female stage when 
reared at 32°C in laboratory. Normal insect growth 
occurs under optimal temperature ranges, but when an 
insect is exposed to extreme low or high temperatures, 
development rates are reduced, reproduction fails, 
and if exposed sufficiently long enough, death 
occurs (Andrewartha and Birch, 1954). An increase 
in temperature will affect insect pest abundance by 
shortening generation time, disrupting predator/prey 
temporal synchrony (Lawton, 1995), and shifting pest 
distributions (Porter, 1995).

The age-stage specific survival rate (sxj) of M. 
persicae gives the probability that a newborn will 
survive to age x and stage j (Fig. 2). The variable 
developmental rate among individuals results in 
overlapping among these curves. The mean number of 
offspring produced by individual M. persicae of age x 
and stage j per day is shown with the age-stage fecundity 
(fxj) in Fig. 3. Because only females produce offspring, 
there is only a single curve  fx6 (i.e., the female is the 
sixth life stage). Age-specific maternity (lxmx) reaches to 
its peak on 18th day at 17°C and gradually decreases to 

Table 1. Life history and mean population parameters of M. persicae reared on cabbage vs. temperatures

Stages specific duration 
day 

Temperature
17± 1oC 20± 1oC 23± 1oC 26± 1oC 29± 1 oC

n Mean± S.E. n Mean± S.E. n Mean± S.E. n Mean± S.E. n Mean± S.E.
N1 47 2.2± 0.1 48 2.1± 0.1 57 1.7± 0.1 47 1.5± 0.1 59 1.0± 0.0
N2 42 2.2± 0.1 48 2.4± 0.1 46 1.8± 0.1 44 1.8± 0.1 58 1.0± 0.0
N3 40 2.9± 0.1 48 2.7± 0.2 42 1.7± 0.1 42 1.6± 0.1 58 1.3± 0.1
N4_5 37 3.8± 0.2 47 3.7± 0.2 41 2.7± 0.1 41 2.7± 0.1 56 2.2± 0.1
Female 37 37.6± 2.5 47 23.7± 1.6 41 19.1± 0.9 41 15.3± 0.8 56 13.2± 2.4
Pre-adult 37 11.1± 0.2 47 10.7± 0.2 41 7.9± 0.2 41 7.7± 0.2 56 5.5± 0.1
Longevity 50 37.7± 3.2 50 32.8± 1.8 64 21.2± 1.5 48 20.3± 1.2 59 19.0± 0.6
Fecundity 37 65.5± 2.9 47 57.7± 3.8 41 72.4± 3.5 41 50.2± 3.2 56 28.0± 1.1
Oviposition day 37 19.9± 1.0 47 20.0± 1.1 41 17.0± 0.9 41 14.1± 0.8 56 9.6± 0.3
The intrinsic rate of 
increase, r 

0.2157± 0.0064 0.2160± 0.0039 0.2894± 0.0100 0.2911± 0.0090 0.3212± 0.0058

The finite rate of increase, 
λ

1.2408± 0.0079 1.2412± 0.0049 1.3357± 0.0133 1.3378± 0.0121 1.3788± 0.0079

The net reproductive 
rate, Ro 

48.5± 4.6 54.2± 4.0 46.4± 4.9 42.9± 3.8 26.6± 1.3

The mean generation 
time, T 

18.0± 0.2 18.5± 0.3 13.3± 0.3 12.9± 0.3 10.2± 0.1

The gross reproductive 
rate, GRR 

70.7± 1.5 76.5± 3.2 85.3± 3.3 61.0± 2.0 29.2± 1.0

N1= First nymphal instar, N2= Second nymphal instar, N3= Third nymphal instar, N4_5 = Fourth and Fifth nymphal instar

Fig. 1. Development time and rate of  
M. persicae vs temperature
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8th day at 29°C.The highest peak of lxmx was observed 
at 26°C.  Population parameters for M. persicae are 
presented in Table 1. The intrinsic rate of increase 
(r) of this aphid was the highest at 29°C (0.3212 d-1) 
and the lowest at 17°C (0.0.2157 d-1). Because l-er, 
the finite rate of increase showed a trend similar to r. 
Increasing temperature shortened the mean generation 
time (T) of M. persicae. The mean generation time 
was 18 d at 17°C, and declined to 10.2 d at 29°C. 
The net reproduction rate (R0) was 26.6 offspring per 
individual at 29°C, and it was considerably lower than 
the rates obtained at other temperatures. The highest 
net reproductive rate was obtained at 20°C (R0= 54.2 
offspring). The GRR values obtained at 17, 20, 23 and 
26°C were considerably higher than those obtained at 
29°C. The intrinsic rate of increase and finite rate of 
increase at 29°C was higher than at lower temperatures 
due to the fast development and the earlier reproduction 
at this temperature. 

The age-stage specific life expectancy (exj) of M. 
persicae at different temperatures is plotted in Fig. 4. 

The life expectancy gives the time that an individual of 
age x and stage j is expected to live. Under controlled 
laboratory conditions without the adverse effects of field 
conditions, our results show that the life expectancy 
monotonously decreases with aging. The age-stage 
reproductive value (vxj) of M. persicae (Fig. 5) describes 
the contribution of an individual of age x and stage j 
to the future population as defined by Fisher (1930). 
Lifetable study under controlled laboratory conditions 
reveals the biological potential of development and 
fecundity of insect populations. In natural environments, 
however, most populations are influenced by a variety of 
changing biotic and abiotic factors. In general, this study 
describes the effect of temperature on several biological 
parameters of the M. persicae. This information is useful 
in formulating management strategy against M. persicae 
in cabbage fields.
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Fig. 2. Age-stage specific survival rate of M. persicae at different temperatures: A. 17 °C, B. 20°C, C. 23°C, D. 26°C, E.29°C

Fig. 3. Age specific survival rate (lx), female age-specific fecundity (fx6), age-specific fecundity (mx), age-specific maternity (lxmx) 
of M. persicae at different temperatures: A. 17 °C, B. 20°C, C. 23°C, D. 26°C, E. 29°C

Fig. 4. Age-stage specific life expectancy (exj) of M. persicae at different temperatures:  
A. 17 °C, B. 20°C, C. 23°C, D. 26°C, E. 29°C

Fig. 5. Age-stage specific reproductive value (vxj) of M. persicae at different temperatures  
A. 17 °C, B. 20°C, C. 23°C, D. 26°C, E. 29°C
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