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ARTICLE INFO ABSTRACT
Article History The effect of three constant temperatures on life history and life table
Received:10/3/2017 parameters of the two spotted-spider mite, Tetranychus urticae Koch on

. White Frangipani (Plumeria alba) leaves was estimated under laboratory
Accepted:20/4/2017 conditions. The two spotted-spider mite was reared on units made of P. alba
leaves at 20, 25 and 30+2 °C and 70+5% relative humidity. Mites

Keywords: _ successfully completed their development and reproduced at all tested
Tetranychus urticae temperatures, where the developmental time, oviposition period, adult
Deve.lopme.ntal rate longevity and life span decreased with increasing temperatures, while daily
Surv1vorsh1p oviposition rate and fecundity increased with increasing temperatures. The
Reprod_uctlon high reproduction rate of 106.00 eggs/ female suggested that the high
Plumeria alba temperature degree (30°C) was assessed to be one of the best degrees to help
Egypt the individuals to perform and oviposit faster in regard to the acceleration of

life cycle period to 6.03 and 4.63 days respectively in female and male. The
results indicated that T. urticae had a wide range of temperature for its
development, however, the highest intrinsic rate of natural increase (I, =
0.3057) occurred at 30 °C, where the population increased fastest at this
temperature.

INTRODUCTION

White Frangipani or Milk Tree, Plumeria alba L. (Family: Apocynaceae) is
well-known for its intensely fragrant, lovely, spiral-shaped blooms as white flowers
with yellow centers. It is an important plant for many medicine usages (Radha et al.,
2008). The leaves are attacked by the two-spotted spider mite, Tetranychus urticae
Koch (Acari: Tetranychidae), in early season and the plant growth shows deformed
leaves, abnormally formed bloom clusters, blistered tissue, necrotic spots on leaves,
leaf drop, or shoot tip dieback. If left unchecked, spider mites will damage and stunt
plant growth. Members of the family Tetranychidae are plant feeders that cause
considerable injury to agricultural crops. They infest field and truck crops, fruit trees,
ornamentals, wild plants and weeds (Zaher, 1984).

The two-spotted spider mite is one of the most important pests of many crops
worldwide. It attacks more than 1,000 economically important plant species of
agricultural and ornamental plants (Gallo et al., 2002; Baptiste et al., 2003; Fasulo
and Denmark, 2004).

Before any control measure against a pest have to be taken, the thorough
knowledge about biology of the pest is necessary.
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Some biological aspects were done on different plant materials (Patil et al.,
2005; Mondal and Ara, 2006; Romeih and Abo-Shnaf, 2007; Silva €t al., 2009; Shah
and Shukla, 2014).

This experiment was designed to evaluate the effect of different temperatures
on the development, survival, reproduction and life table parameters of T. urticae
infesting white frangipani leaves under laboratory conditions. This will be an
indicator to find the way for useful biological control for that pest, to be evaluated in
following studies.

MATERIALS AND METHODS

Rearing of Tetranychus urticae

A stock colony of this species was maintained in the laboratory on the upper
surface of leaves of white frangipani (Plumeria alba) under 25°C in Giza
governorate. The leaves were placed on a piece of cotton pad maintained permanently
wet in Petri- dishes (12 cm in diameter).
Experimental design

Twenty-five newly-laid eggs of T. urticae were singly transferred using a fine
brush on fresh leaf discs of white frangipani (each one inch in diameter) placed lower
side-down on moisten cotton pad (10cm in diameter and 1cm thick) in Petri-dishes
(12 cm in diameter). The borders of the leave discs were covered by a band of cotton
wool to avoid leaf dehydration and to prevent mite escaping. Leaves were replaced
every five days. All experiments were conducted at three temperature degrees (20, 25
and 3042 °C) and 70+5% relative humidity. Immatures were observed twice a day to
determine the duration of every stage. Recently emerged adult females were paired
with new males for copulation. Observations on oviposition were conducted twice a
day.
Statistical analysis

Data were subjected to One-way ANOVA (F-test) using a computer
programme (SAS Institute, 1988) which runs under WIN. The difference between
means was determined by the help of Duncan's multiple range tests (Duncan, 1955)
in this programme.

Life table parameters were calculated according to Birch (1948) using Life 48:
A BASIC computer program (Abou-Setta et al., 1986).

RESULTS AND DISCUSSION

Development and oviposition

Egg hatchability and survival rates of the immature stages ranged from 64-96
%. The egg stage for both sexes was the longest at all temperatures, corresponding to
about 56—84% of the total immature duration. The values of egg incubation period for
females averaged respectively from 5.38-2.75 days at 20 and 30 °C (Table 1).

There were a significant relationship between duration and temperature and
also between the rate of development and temperature. For immature and life cycle
phases, the time to develop progressively decreased with increasing temperature,
where it was slightly shorter for males than females. Ranging from 9.63 days for the
development of the total immature phase at 20 °C to 3.28 days at 30 °C. However,
significant differences existed between 20 and 30°C for both females and males in
relation to duration of the life cycle. For females, duration at 20°C (15.01 days) was
significantly different from duration at 30°C (6.03). For males, the significant
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difference was between 20°C (13.32) and 30°C (4.63) (Table 1).

Table 1: Duration of T. urticae immature stages in days reared on P. alba leaves at three constant
temperatures and 70+5% RH.

S Temperature
tage Sex 20°C 25°C 30°C
Eeg Q 538+0.74 a 4.00£0.43 b 2.75+0.46 ¢
3 4.13+0.64 a 3.33+0.49 b 1.63£0.52 ¢
Al 1.53+0.34 a 0.7740.23 b 0.50+0.13 ¢
Larva ? Q’ 1.47£0.34 a 0.73+0.29 b 0.47+0.21 ¢
A 1.47+0.34 a 0.71+0.10 b 0.47+0.09 ¢
d Q 1.41£0.27 a 0.69+0.16 b 0.44+0.12 ¢
A 1.66+£0.38 a 0.83+0.33 b 0.56+0.44 ¢
? Q 1.56£0.18 a 0.79+0.18 b 0.53+0.09 ¢
Protonymph P A 1.56£0.37 a 0.79+0.35 b 0.50+0.23 ¢
Q 1.50£0.27 a 0.7740.33 b 0.47+0.25 ¢
A 1.724£0.57 a 0.85+0.33 b 0.63+0.13 b
? Q 1.69+0.29 a 0.81+0.11 b 0.59+0.13 ¢
Deutonymph
P A 1.66£0.33 a 0.83+0.31 b 0.59+0.19 ¢
0) 1.59£0.35 a 0.79+0.18 b 0.53+0.09 ¢
) Q 9.63+0.65 a 4.78+0.49 b 3.28+0.54 ¢
Total immatures
3 9.19+0.61 a 4.58+0.51 b 3.00+0.38 ¢
Q 15.01+0.67 a 8.78+0.71 b 6.03+0.16 ¢
Egg-Adult 3 13.3240.76 2 7.9140.67 b 4.63+0.44 ¢

'Active; “Quiescent
Means in a row followed by different letters are significantly different (P> 0.05; Duncan’s Multiple
Range Test)

The influence of several factors to mites, temperature among others, may
explain the differences encountered by the authors. However, similarly to was
reported in other previous studies for T. urticae life cycle, i.e., Sabelis (1981)
reported approximately 6.5 days for female at 30°C; Deciyanto et al. (1989) recorded
an average of 10.6 to 14.4 days on six cultivars of Mentha piperita and M. arvensis;
Patil et al. (2005) demonstrated 10.7+0.45 days for male and 12.36+0.68 days for
female on jasmine; Mondal and Ara (2006) reported 10.15+0.16 days on leaves of
bean (Lablab purpureus L.); Romeih and Abo-Shnaf (2007) reported 9.93+1.23 days
at 30°C on Arabian jasmine (Jasminum sambac).

The pre-oviposition, oviposition, and post-oviposition durations of T. urticae
females at the three temperature degrees are shown in Table (2). The narrow range of
the pre-oviposition and post-oviposition periods of T. urticae females resulted in a
slightly significant differences among the temperature degrees. The pre-oviposition
and post-oviposition periods ranged respectively between (1.09 & 1.69) and (1.22 &
1.75) days. The pre-oviposition period result of this work coincides with that of Patil
et al. (2005) who reported the pre-oviposition period of T. urticae lasted for an
average of 1.82+0.4 days on jasmine.

The oviposition period of T. urticae was significantly influenced by
temperature. Mites at 20°C had the longest oviposition period (23 days), which was
significantly different from those at 25 and 30°C.

Similarly to what observed for the duration of immature development, the
longevity differed significantly among temperature degrees, where it was also
progressively shorter with increasing temperatures, ranging from a maximum of
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26.44 days at 20 °C to a minimum of 11.56 days at 30°C, with life span, ranged from
41.45 days at 20°C to 17.59 days at 30°C. Also for males, duration decreased with
increasing temperature. This result agrees Patil et al. (2005) who reported that T.
urticae females lived for 18.7+0.74 days, while male longevity lasted for 12.1+0.74
days on jasmine.

Table 2: Longevity, life span and fecundity of T. urticae, reared on P. alba leaves at three constant
temperatures and 70+5% RH.

Sex Temperature
20°C 25°C 30°C
Pre-oviposition 1.69+0.56 a 1.44+0.47 a 1.09+£0.27 b
Generation 16.70+0.50 a 10.22+0.84 b 7.12+0.33 ¢
Oviposition 23.00+0.76 a 15.83+0.83 b 9.25+0.71 c
Post-oviposition 1.75+0.27 a 1.29+0.33 b 1.22+0.21Db
Longevity Q 26.44+0.75 a 18.56£0.82 b 11.56+£0.73 ¢
a8 22.97+0.77 a 13.69+0.78 b 8.28+0.84 ¢
Life span Q 41.45+0.62 a 27.34+0.89 b 17.59+0.77 ¢
) 36.29+0.67 a 21.60+0.62 b 12.91+£0.69 ¢
Fecundity 81.63+0.74 ¢ 97.83+0.83 b 106.00+0.76 a
Eggs/ female/ day 3.55+0.11 ¢ 6.19+0.31Db 11.52+0.88 a
Means in a row followed by different letters are significantly different (P> 0.05; Duncan’s Multiple
Range Test)

Shih (1999) observed the two-spotted spider mite laid maximum 100 eggs in 10
days. Patil et al. (2005) reported that female of T. urticae on average laid 104+3.19
eggs in their ovipositional period of 14.5+2.55 days when reared on jasmine. Mondal
and Ara (2006) documented that the total number of eggs laid per female T. urticae
on bean leaves in its lifetime averaged 108.3 + 3.23 eggs in 16 days. In the present
investigation, fecundity was lower at 20°C (81.63) and highest at 30°C (106.00).
Daily oviposition rates were significantly different at the tested temperatures, where it
increased progressively with increasing temperature (Table 2) ranging from 3.55 to
11.52 eggs/ female/ day at 20 and 30°C. These results are in agreement with the
above findings. On the contrast, it is not in harmony with other previous studies, i.e.,
60 eggs on Gerbera (Van de Vrie, 1985), 25.13+1.64 eggs at 20°C and 30.9+0.74
eggs at 30°C on Arabian jasmine (Romeih and Abo-Shnaf, 2007). Maybe, it is
regarding to the texture of plant material used which can affect mite feeding and
consequently reproduction.

As expected, the effect of temperature degrees on adults was even more marked
in the present study which was compared with different temperature degrees. It was
not surprising that high temperature could enhance the mite species to reproduce
higher than other less temperature. Shih (1999) observed that the temperature degrees
23-30°C are the optimal for spider mite development.

Life table parameters

Sex ratio was similar at all tested temperatures as were three females per male,
with the highest proportion of females occurring at 30°C. Similar observation was
reported by Van de Vrie (1985) who mentioned that the normal sex ratio for the
Tetranychidae is 1 : 3 male : female. Moreover, he pointed out that T. urticae and
related species showed a female-biased sex ratio, in addition, life time progeny sex
ratios averaged around three times as many daughters than sons.

The net reproductive rate (R,), the intrinsic rate of natural increase (rm), the
mean generation time (T), and the finite rate of increase (4) were significantly
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affected by temperatures (Table 3). Although, the highest net reproductive rate, R, =
70.44 female/ generation as estimated at 25°C (corresponding to a daily population
growth of about 56%), the fastest population growth was observed at 30°C with rm =
0.3057 female/ female/ day. This could be to the much longer mean generation time
at 25°C. These findings indicate that temperature will affect how fast the spider mite
populations reach damaging levels. Thus, doubling time was also considerably
shorter at 30 than at 25°C. Therefore, the population of this mite, increased with
increasing temperature.

Table 3: Life table parameters of T. urticae at three constant temperatures.

Parameters
Temperature R T r 2 T
20°C 39.18 26.9840 0.1359 1.1456 5.10
25°C 70.44 17.9490 0.2370 1.2675 2.92
30°C 50.88 12.8537 0.3057 1.3576 2.27

The values of intrinsic rate of natural increase (I,) were lower as observed by
Riahi et al. (2013) on peach (0.144) at 25°C and (0.108) at 30°C, in comparison with
the present study, but in agreement with other studies reporting values of 0.240 on
apple (Kasap, 2004) at 25°C, (0.242) on cowpea, and (0.230) on bean (Razmjou,
2009) at 25°C. The net reproduction rate was the highest at 25°C; our value was
considerably lower than those reported by Kasap (2004) on apple (92.19) at 25°C,
but in agreement with that of Pietrosiuk et al. (2003) on bean (39.85) at 23°C and
higher than those reported by Khanamani et al. (2012) on eggplant (25.8) at 25°C,
(16.87) on peach at 25°C (Riahi et al., 2013). Karimi et al. (2006) reported the finite
rate of increase (A) to be 1.229 on green bean at 25°C, which is close to ours
(1.2675), Pietrosiuk et al. (2003) reported (1.20) on bean at 23°C, but lower as
observed in another study (Riahi et al., 2013) (1.157) at 25°C and (1.114) at 30°C on
peach in comparison with the present study. Kasap (2004) estimated that the mean
generation times of T. urticae were respectively 22.09 and 16.58 days at 25 and
30°C, which were considerably higher than our values at the same temperatures.
These differences could be in regards to host plant differences and different
experimental conditions.

The highest levels of oviposition at 30°C occurred on 12" day after the
beginning of oviposition which is considered earlier than at other temperatures. At
that temperature, peak of oviposition was quicker than at other temperatures.
Survivorship reduced slowly over almost the entire duration of the adult stage,
except for the last few days, when it dropped quickly where the survival curve
indicated a significant difference between the tested temperatures, as it was
decreased much more quickly at 30°C (Fig. 1).

Females T. urticae deposited more eggs at 30°C, the highest intrinsic rate of
natural increase, finite rate of increase, and population doubling time were also
occurred, where the highest values for net reproductive rate of increase was at 25°C.
Shortest life cycle also occurred at 30°C, which reflected the effect of shorter
developmental time and generation times occurring at that temperature on the
intrinsic rate of natural increase. This may suggest different temperature preference
for high reproduction and population increase in T. urticae. Otherwise, White
Frangipani as a tropical plant can grow within temperature 18-27°C, it tolerate high
temperatures as well. Thus it is expected to suffer highest damage because of the
attack of T. urticae during those temperatures.
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The present results indicate that temperature is a strong factor affecting the
reproduction and survival of T. urticae. It can be useful in IPM strategies in
developing biological control programs against T. urticae, as providing the optimum
rearing temperature for developmental time, survival, fecundity, and population
growth parameters. Moreover, this can help in the construction of computer
simulation models to predict T. urticae populations. Under field conditions,
population increase could be smaller, because of the effect of natural enemies. Thus,
further field studies are needed to complement laboratory studies to obtain practical
information for possibility of controlling this pest with reducing pesticides on P. alba
shrubs.
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Fig. 1: Survivorship (Ix) and daily oviposition rate (mx) of T. urticae at three constant temperatures.
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