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Abstract

Developmental rates and times, thermal constants and popula-
tion growth parameters for cotton aphid, Aphis gossypii (Glover) infest-
ing watermelon were estimated in relation to certain field conditions dur-
ing winter, spring and summer.

Using both days and degree-days time scales, lower and higher
temperature extremes in winter and late summer were found to delay
development and shorten adult longevity as well as exhibiting a marked
effect in natality and mortality schedules.

As a consequence, the gross reproductive rates (GRR), net repro-
ductive rates (Ry) and finite rate of population increase (L) were re-
duced, whereas the population doubling time (D) was lengthened as
compared with the same parameters under the favourable conditions.

The biophysical model predictions based on the regression equa-
tions describing the relationship between temperature and developmen-
tal rates provided estimates of lower and upper temperature thresholds
to be 6.9 and 33.5°C for the generation with degree-day accumulations
of 96.3.

Population growth parameters varied among temperature re-
gimes when times were expressed in days. The proportion of immatures
decreased while that of adults increased with increasing temperature.

INTRODUCTION

The cotton aphid, Aphis gossypii (Glover), is probably the most economically
important species in Egypt. It has a wide host range in both field and vegetable
crops, especially watermelon, Cucurbita melon and other Cucurbitaceae. Watermelon
crop injury is caused directly as a result of aphid feeding, but indirectly threaten by
spread Cucurbita mosaic virus (CMV). The degree of crop injury depends on the ex-
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tent of aphid infestation, its timing during the growing season and weather. The aph-

ids are vectors of mosaic virus.

The biology of cotton aphid has been studied by many investigators (Nassar,
1960; Singh et al., 1977; Moursi et al., 1984). However, further investigations on
certain ecological and biological aspects of this pest are needed.

The majority of phenology models of insect development are based on labora-
tory data (Uvarov, 1931). Recently, Ring and Harris (1983) estimated parmeters
for a degree-day model, using field data.

Population growth parameters also, are used extensively to study population
density changes in nature (Varley and Gradwell, 1971; Varley et al., 1974) and to
make static assessments of the role of biotic and abiotic sources of mortality at
points in time under particular sets of conditions (Harcourt, 1963),

In this study, several field experiments were done to estimate many impor-
tant factors which affect the cotton aphid biology and population dynamics. In all
these studies, natural enemies were excluded, but other factors remained uncon-
trolled. Our present analysis evaluates the ability to fit existing data and predictive
performances of linear degree-day model using field - collected development data.

MATERIALS AND METHODS

The experiments were conducted during 1995 and 1996 watermelon growth
seasons, in sandy soil at Sohag Governorate. The plant date was October 15th, 1994
and October 26th, 1995 and the method of cultivation was under ground rising culti-
" vation (Brollosy method).

Survivorship and fecundity studies

Sets of single viviparous adults of A.gossypii were put in each of 50 water-
melon leaf cages (Nylon mosquito netting) and allowed to produce youngs. Nymphs
were computed and observed daily until death.

Adult survivorship and fecundity patterns were obtained from cohorts of 38,
43, 46, 41, 44 and 48 adults during winter, spring, summer and fall.

The following statistics described by Gross reproductive rate (Ro), generation
time (Gt), intrinsic rate of natural increase (rp,), finite rate of natural increase ()
and population doubling time (DT) were estimated.
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Estimated parameters
'm = log Ro/T
A=grm
Ro = IxMx
T = IxMx.x/IxMx
Dt = log e2 rm

Thermal requirements and developmental thresholds

Newly born nymphs of nearly equal ages (4 hrs.) were obtained by transplant-
ing 80-100 nymphs for each treatment, from the stock to aphid free experimental
cages, using a soft camel hair brush. Developmental times were determined by
checking each cage twice daily for exuviae, until all nymphs had mouited to the adult
stage and at the mid point of the time interval preceding an observed moult. In com-
puting developmental time nymphs were considered to be 4hr. when they were
transferred from plants to leaf plants inside the experimental conditions. A cohort
of 80-100 nymphs were reared in each season.

Estimates of lower thresholds for immature development (t,) and develop-
mental times in days and degree-day were calculated using methods similar to those
of Campbell et al. (1974). The upper thresholds were estimated, using linear re-
gression equation, x - intercept where Y is the developmental time. The threshold in
this equation is the value of X when Y = O (Park, 1988).

The accumulated heat units for different stages were determined using meth-
ods of Sevacherian et al. (1977).

For adult stage, the time of adult stage was recorded for each cohort and the
calculation of lower and upper thresholds and thermal requirements were estimated
using the same methods described for nymphal stage.

RESULTS AND DISCUSSION
Thermal thresholds (tg)
A. Lower temperature thresholds (tg)

Based on the linear regression of the rates of development on temperature,
the lower thermal thresholds were estimated to be 6.5 and 7.0°C for nymphal and
adult stage, Table, 1.



964 ) K.M. ADAM

B. Upper thresholds (ty)

Estimates of upper thresholds obtained using park methods (Park, 1988) were
33.5 and 33°C for nymphal and adult stage.

Under field conditons, developmental times in days were longer during winter
and spring followed by mid summer. However, at summer, developmental times be-
gan to be somewhat longer, indicating a slower rate of development at temperatures
beyond the upper thermal thresholds.

Our results are in agreement with those obtained by Steiner et al. (1974),
Curry et al. (1978). They found that developmental rates for aphid reared at tem-
peratures above the upper threshold were lower than those at more favourable tem-

peratures.
Thermal requirements

The calculated number of degree days (DD) required for development of nym-
phal and adult stage is shown in Table 1.

Data in Table 1 also show the equation parameters for the relationship be-
tween temperature and developmental times. The values of r2 indicate the close lin-
earity of temperature data vs. nymphal and adult development. Values of a
(intercept) and b (slope) were used in the calculations of lower and upper thermal
thresholds.

Table 1. Esimated of developmental thresholds and times (DD) of cotton aphid on wa-

termelon..
Developmental rates
Stages to ty DD a B r2
Nymph 6.5 33.5 87 7.9 1.5 96.00
Adult 7.0 33.0 172 4.5 0.6 96.25

Age specific life table analysis
A. Survivorship (Ix)

The pattern of aphid survival (Ix) observed during the three seasons are sum-
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marized in Table 2. The survivorship rate (slope of the regression) for aphid in sum-
mer was higher than the same rate in winter, spring and fall populations.

Table 2. Age-specific survival (Ix) and age-specific fecundity rates (Mx) of Aphis

Cohorts IX Mx Ix.Mx
Winter 5.22 30.4 10.9
Spring 6.57 36.5 27.2

Summer 4.02 40.3 34.8

Fall 5.08 47.8 41.0

B. Fecundity (Mx)

Table 3 shows the average daily fecundity (Mx) pattern observed for winter,
spring, summer and fall cohorts. Average Mx values for aphid per day were: 30.4,
36.5, 40.3, and 47.8 during the 4 seasons, respectively.

Table 3. Regression of percent survivorship (Ix) and fecundity rates (Mx) against D°
for 4 cohorts of A.gossypii on watermelon.

Ix Mx
Cohorts a b r2 a b r2
Winter 2.75 0.015 | 0.96 -33.5 0.30 0.97
Spring 2.50 0.011 0.95 -30.0 0.32 0.95
Summer 2.70 0.015 | 0.94 -19.0 0.32 0.95
Fall 2.25 0.012 | 0.95 -25.0 0.45 0.94

High temperatures observed during mid and late summer appeared to have an
adverse effect on adult longevity and fertility. Similar effect of high temperature on
aphid fecundity have been demonstrated by Force and Messenger (1964) and Gutier-
rez (1968) for laboratory cohorts of aphid and by Nowierski et al. (1983) for field
cohorts.

Regression statistics are given in Table 3, the birth rates (slope), indicate
that fall, summer, spring were higher than winter rates.

Life table statistics

The intrinsic rate of increase ("m), finite rate of population increase (1),



966 K.M. ADAM

mean generation time (GT) and population doubling time (DT) were calculated for
each cohort by using both Julian and physiological time scales, Table, 4. Life table
parameters computed on daily basis cannot be realistcally compared, because the
effective daily increments of time and thus aging varied (i.e. the daily temperatures
were different) but the values are comparable in DOC basis.

The summer cohorts experienced high temperatures which delayed devlop-
ment, shortened longevity and reduced fecundity, but these effects are not reflected
in life table parameters, calculated on a daily basis. For example on a daily schedule,
the summer populations had the highest 'm values (0.65), the shortest GT (4.5) and
a shortest DT (1.2).

In summary, the calculated biological parameters, (Ro, GT, DT, 'm and %) in-
dicate that temperature range of 20 to 28 seems to be the favourable range of de-
velopment and multiplication of A.gossypii, whereas the extremes in winter and late

summer seem to be outside the favourable range.

Table 4. Summary of population growth parameters for winter, spring, summer and
fall populations of A.gossypii on watermelon.

Time scale | Cohorts Ro GT 'm A DT
Winter 10.5 25.5 0.092 1.09 7.50
Days Spring 26.0 15:5 0.210 1.26 3.25
Summer 18.5 4.5 0.650 1.90 1.20
Fall 42.5 7.5 0.490 1.50 1.40
Winter 11.0 125.0 0.020 1.01 33.5
DD Spring 27.0 138.0 0.022 1.02 30.0
Summer 18.5 116.0 0.024 1.02 28.0
Fall 42.0 111.0 0.033 1.03 20.5
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