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Efficiency of most pesticides is monitored by many factors such as the method of application, the
concentrations and the temperature. The study was aimed to investigate the optimal conditions for
using Insect Growth Regulator (IGR), cyromazine to control the Southern cowpea weevil
Callosobruchus muculatus Fab. (Bruchidae: Coleoptera). Interactions of the method of application and
concentrations of cyromazine together with temperatures significantly affected the reproductive rate of
C. muculatus. Accordingly, when seeds were completely embedded (dipping method) in 5% cyromazine
at 30°C, the insect reproductive rate was significantly decreased to 1.37%. In addition, results revealed
that the increase in cyromazine concentration simultaneously with the seed-dipping method clearly
decreased the consumption of food storage by the insect population. However, the generation lifespan
of the insect was increased. No significant change was observed in the percentage of the sexual ratio,
while a clear significant difference was recorded in the weights of the males and females. In conclusion,
the seed-embedding method with a high concentration (5%) of cyromazine at 30°C resulted in the most
significant food consumption with a clear reduction in the generation reproductive rate.

Key words: Food consumption, IGR, increasing rate, sex ratio.

INTRODUCTION

The chickpea (Cicer arietinum) is an edible legume of the insects; presence of residues in food, resistance

family Fabaceae, subfamily Faboideae. Chickpeas are
high in protein and one of the earliest cultivated
vegetables; 7,500-year-old remains have been found in
the Middle East. This crop is prone to heavy damage by
the Southern cowpea weevil Callosobruchus muculatus
Fab. Initial infestation occurs in the field prior to harvest
and from there the insects are carried to storehouses
where the population can build up rapidly (Prevett, 1961;
Huignard, 1985).

There are concerns with the use of chemicals to control
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development by pest species, health risks (Arthur, 1996)
and increased cost (Hagstrum and Subramanyam, 2006).
IGRs are compounds that interfere with insect specific
physiological systems that are not shared by vertebrates,
or differ from vertebrate systems, and they constitute
targets to IGRs. Most IGRs used today in insect control
either interfere with the formation of the new cuticle or
disturb metamorphosis. IGRs deregulate rather than
regulate insect development and therefore, the term
“Insect Development Inhibitors” is more suitable (Pener,
2002). Some insects exposed to such compounds may
die due to abnormal regulation of hormone-mediated cell
or organ development. Other insects may die either from
a prolonged exposure at the developmental stage to
other mortality factors or from an abnormal termination of


http://en.wikipedia.org/wiki/Legume
http://en.wikipedia.org/wiki/Fabaceae
http://en.wikipedia.org/wiki/Faboideae
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Middle_East

56 Sci. Res. Essays

a developmental stage itself (Tunaz, 2004).

Miller et al. (1996) found the use of cyromazine at the
rate of 0.1, 0.5 and 1.1% g/ kg of the animal body weight
in the field of milk cows that it’s remaining in cows' waste
led to discourage the development of Musca domestica
larvae. Levot and Sates (1998) found that the use of
cyromazine and Dezinion each individually against M.
domestica by concentration of 0.4 glliter led to a
reduction in the number of M. domestica at the rate of
69% after one day of treatment and 99.97 in three days
later of treatment. More importantly, IGR were considered
to be better used in an integrated pest management
program, rather than being used alone (Oberlander et al.,
1997). Vazirianzadeh et al. (2007) concluded that
cyromazine should be used in a larvicidal program to
control house-fly.

Environmentally, it was found that novaluron, an insect
growth regulator, interferes with amphibian development
if found as contaminant in the water bodies where
amphibians live and reproduce (Pancharatna et al.,
2010). The use of very low doses of insecticides that
have strong sublethal effects represents an
environmentally friendly option to improve existing
integrated pest management (IPM) strategies (Sial and
Brunner, 2010). Thus, the objective of this study was to
determine the impact of overlapping between the different
concentrations of cyromazine, method of treatment and
the temperature in the biological activity of southern
cowpea weevils to select the optimal conditions.

MATERIALS AND METHODS
Insects

The Southern cowpea weevil C. maculatus F. (Bruchidae:
Coleoptera) obtained from an entomological research laboratory
farm which has already been bred insects in the College of
Agriculture and Forestry, Mosul, Irag. All chickpea seeds were put
in glass jar with a capacity of each 1/2 kg and then added to them
the Southern cowpea weevil and covered with a piece of cloth and
bond with rubber firmly. Then incubated at 30 + 2°C and 50 + 5% as
previously described by Ishimoto et al. (1996). Cultures renewed
after each generation by taking the newly emerged insects from
pupae for construction of a new culture to conduct further studies.

Insect growth regulator (Cyromazine)

This pesticide, working as a regulator of growth, is used to control
larvae of Diptera and Coleoptera. It is used as a powder containing
7509 /kg effective cyromazine (N-cyclopropyl 1, 3, 5-triazine-2, 4, 6-
triamine) and sold under the names of the various commercial
(Larvadex, Premix) classifies toxically within the Class Ill according
to the classification of the World Health Organization (WHO).

Cyromazine is not a cholinesterase inhibitor. Cyromazine exerts
its toxic action by affecting the nervous system. Solutions were
prepared immediately prior to the experiments (Awad and Mulla,
1984).

Application method of the IGR

Three concentrations of cyromazine were applied (1, 3 and 5%

weight of IGR/Volume of distilled water) in the treatment of chickpea
seeds. Seeds (25 g per each treatment) were treated twelve times
(replicates), six times were treated in a spraying manner using the
Potter Tower at 5 Ibs/inches. The remaining six were treated by
dipping in the cyromazine solution for one minute. For the control,
seeds were treated with water only. Drought seeds have been
placed in plastic pots (7 x 7 cm) then five pairs (male and female) of
newly emerged adults were transferred for each pot and covered
the pots with a piece of cloth sealed with a rubber bond and
incubated at 25 + 1°C and 30 + 1°C, 50 * 5% relative humidity.

Rate of reproduction

Treatments were follow-up to two successive generations to specify
the overlap between different concentration of IGR, treatment
method and rearing temperature on the following: The rate of
reproduction of the southern cowpea weevils is calculated for two
successive generations via formula (Krebs, 1978):

dn/dt
n

r=

Where; r= the reproductive rate; n= number of colony individuals;
dn = change in the number of colony individual; and dt= change of
time.

Rate of food consumption

It was measured by weighting the treated seeds after the end of the
experiment and deducted from the original weight (25 g).

Generation lifespan

It was calculated from the new adult emergence from the pupae
until the advent of insects in the second-generation.

Sex ratio and weight of male and female

Sex ratio and weight of male and female were tested by taking a
random group of full complete insects (10 insects) each in box and
calculating the number of male and female and their weight.

Data analysis

Data were analyzed using the factorial complete randomized design
and Duncan's multiple range tests to change the averages of
endurable level 5% (Daoud and Elyass, 1990) were used.

RESULTS

Effect of the individual parameters and overlap on
the reproductive rate

High concentration of cyromazine led to a significant
reduction in the reproductive rate of the southern cowpea
weevils compared with water-treated controls (Table 1).
Dipping method was found to decrease the number of the
southern cowpea weevil (Table 1). Temperature (30°C)
was found to significantly decline the reproductive rate
while it was elevated at 25°C. Overlap study indicated
that, when chickpea seeds treated via dipping method in
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Table 1. Summarized results of studied parameters on the southern cowpea weevil, C. maculatus with the different concentrations of

cyromazine, treatment methods and temperatures.

Variable Concentrations Treatment methods Temperatures

1 3 5 Control  Dipping Spraying 25°C 30°C
Reproductive rate 22.21C 10.69 B 2.78 A 33.83D 1521 A 19.54B 17.83B 16.93A
Food consumption 6.80C 3.69B 2.21A 15.50D 6.18 A 7.92B 7.23 A 6.87 A
Generation lifespan 29.13C 30.21B 31.21A 27.87D 29.50A 29.71A 3227A 26.94B
Male 1.19B 116 AB 1.17AB 1.03A 1.13A 1.13A 112 A 1.15A

Sex ratio Female 1.01A 1.01A 1.03A 1.02A 1.02A 1.02A 1.03A 1A
Male 0.81A 1.09B 1.10B 1.26C 1A 1.13B 1.09A 1.05A
Average weights Female 1.68B 15A 1.39B 1.97C 1.72B 1.55A 1.66 A 1.62 A

Averages of similar characters refer to the existence of significant differences at the 5% level of probability.

Table 2. Overlap effect of different concentrations of cyromazine, treatment methods and temperatures on the reproductive rate, food
consumption rate and generation lifespan of the southern cowpea weevil, C. maculatus.

Concentration %  Treatment method Temperature Reproductive rate Food consumption rate  Generation lifespan
1 Dipping 25 18.33+0.73% 6.72+0.08° 31.33+0.44°
3 7.83+0.13° 2.71+0.16"® 32.5+0.58"°
5 2.70+0.12"® 2.05+0.11"® 34+0.29"
Control 33.27+0.62" 14.03+0°F 30+0°
1 Spraying 28.13+0.19° 6.31+0.15° 32.5+0°
3 14.40 +0.21° 4.50 +0.06°¢ 33.5+0"®
5 4.30+0.29° 2.92+0.06"° 34.17+0.33"
Control 33.67+0.17" 18.85+0.08" 30.17+0.17°
1 Dipping 30 17.03+0.49% 7.03+0.40° 26.33+0.33G"
3 6.43+0.23° 2.50+0.26"° 27.5+0.295"
5 1.37+0.15" 1.45+0.05" 28.5+0.05°
Control 34.73+2.62" 12.98+0.58° 25.83+0.44"
1 Spraying 25.33+0.20" 7.14+0.17° 26.33+0.33°"
3 14.10£0.31° 5.70+0.09%¢ 27.33+0.447¢
5 2.73+0.15"® 2.43+0.08"° 28.17+0.65"
Control 33.67+0.17" 16.38+0.12" 25.5+0.19"

Averages of similar characters refer to the existence of significant differences at the 5% level of probability.

5% cyromazine solution at 30°C led to the most
significant decrease in the reproductive rate (Table 2).

Reverse correlation was found for tested parameters
with food consumption

High concentration of IGR was found to significantly
decrease the rate of food consumption (Table 1). Dipping
method led to a significant decrease of this rate (Tables 1
and 2). In addition, increase of temperature had the same

impact on the food consumption since; the lowest

consumption rate was obtained at 30°C.

Effect of individual parameters and overlap on the
lifespan of generations

The generation lifespan was significantly increased with
increasing the concentration of IGR in contrast with water
treated control. The generation lifespan was significantly
decreased by the dipping method recording 28.81 days;
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Table 3. Overlap effect of different concentrations of cyromazine, treatment methods and temperatures on the sex

ratio of the southern cowpea weevil, C. maculatus.

Mean of the sex ratio + S.E

Concentration % Treatment method Temperature
Male Female
1 1.14+0.08 A 1+0A
3 Dipping 1.14+05 A 1+0A
5 1.21+0.12 A 1.04+0.04 A
Control 1.04+0.04 A 1.01+0.01 A
1 1.23+0.12 A 1.05+£0.05 A
3 Spraying 1.03+0.02 A 1.01+0.01 A
5 1.11+0.08 A 1.07£0.07 A
Control 1.04+0.04 A 1+0A
1 1.17+0.17 A 1+0A
3 Dipping 1.27+0.14 A 1.01+0.1 A
5 1.10£0.05 A 1.01+0.01 A
Control 1.+0A 1+0 A
1 1.26+0.09 A 1.01+0.01 A
3 . 1.17+0.09 A 1+0 A
5 Spraying 1.24:0.13 A 1+0A
Control 1.04+0.02 A 1+0A

Averages of similar characters refer to the existence of significant differences at the 5% level of probability.

while in spraying method was 29.63 days (Table 1). At
30°C, the generation lifespan was 26.65 days, in contrast
to 25°C which recorded 31.79 days for generation
lifespan. The highest generation lifespan was 33.33 days,
in spraying treatment, at 5% concentration and 25°C, and
the lowest generation lifespan was 26.3 days in dipping
method at 1% concentration and 30°C (Table 2).

Unlike the sex ratio, the weights were significantly
affected

Non significant differences were observed for the sex
ratio in any test concentration, treatment method, and the
temperature (Tables 1 and 3). Increase of IGR
concentration led to an increase of male weight in
contrast with control (Table 4). Accordingly, the lowest
male weight was recorded at a low IGR concentration
with the dipping method and 30°C temperature. Different
results were obtained in the case of female average
weight since; a significant decrease in weights was
recorded with high IGR concentration (Table 1). The
dipping method of treatment accompanied with an
increase in the female weight comparing to spraying
method. However, no change in the female weights with
changing the temperature.

DISCUSSION AND CONCLUSION

Control of different insects requires changes in the

management practices to reduce the spread of infection
to different stored seeds. In southern cowpea weevils
management programs, chemicals are extensively used.
Overlapping use of IGR concentration, different method
of application and different temperatures would yield a
better selection to the best way to reduce the insect
density. Thus, the aim of this study was to investigate the
optimal conditions for using IGR to control the southern
cowpea weevil C. muculatus Fab. Our results confirmed
that the dipping method with a IGR concentration of 5%
at 30°C resulted in the most significant reduction in both
the food consumption the reproductive rate.

Here, we found that the high concentration of IGR
significantly reduced the reproductive rate of the insect.
Similarly, in Obliguebanded Leafroller Choristoneura
rosaceana (Harris), the pupation and adult emergence
was significantly delayed at Pyriproxyfen concentrations
higher than 1 ppm (Sial and Brunner, 2010).

The reproductive rate was also greatly monitored by
temperature since it was declined at 30°C while it was
elevated at 25°C. Buholzer et al. (1992) tested the
efficiency of growth regulator (Match) at three different
temperatures 18, 24, 30°C in controlling cotton leaf worm
Spodopetra littoralis (Boid) they noticed a positive relation
between temperature and the efficiency of the match.
The mortality rate was elevated with the increasing of
temperature, perhaps that relevant to increasing of insect
activity at high temperature leading to increase of growth
regulator uptake. Therefore, overlap study indicated that,
when chickpea seeds treated via dipping method in 5%
IGR solution at 30°C led to the most significant decrease



in the reproductive rate.

Reverse correlation was separately found for each of
IGR concentration, treatment method and temperature
with the rate of food consumption. In accordance,
Gabouri (2000) found that the Southern cowpea weevils
south consumed larger amount of food during a complete
generation at 25°C than at 30 to 35°C.

Differences in the sex ratio were not significant in any
test of concentration, treatment method or temperature.
Similarly, in Chironomus riparius, no significant
differences to solvent control were observed in any test
concentration (Wang et al., 2005), although an exclusive
production of males by Daphnia was observed with
pyriproxyfen at 100 ng/L (Tatarazako et al., 2003). Other
studies with C. riparius reported sex-related effects at
sensitive (molecular) level also exist (Hahn et al., 2001,
Hahn and Schulz, 2002). When kinoprene was applied,
Rothwangl et al. (2004) found that the sex ratio was
equivalent in the Petri dish experiment, whereas in the
cage experiment the sex ratio was biased toward males.

Male and female weights were significantly affected by
the studied interaction between the three parameters.
The lowest male weight was recorded at a low IGR
concentration with the dipping method and 30°C
temperature. A significant decrease in weights was
recorded with the increase of IGR. The dipping method of
treatment accompanied with an increase in the female
weight comparing to spraying method. However, no
change in the female weights with changing the
temperature. The weights of adults were significantly
increased when Sial and Brunner (2010) studied the
effect of Pyriproxyfen, on Oblique banded Leafroller
Choristoneura rosaceana (Harris).

In  conclusion, studying the overlap between
cyromazine concentration, treatment method and
temperature on the southern cowpea weevil indicated the
existence of a difference in the rate of reproduction, on
the rate of food consumption and on the average of
generation lifespan. There is no effect neither in the
disparity of sex ratio or weight of males and females. IGR
must be applied in a potential and effective way to
eradicate insects caused very serious commercial
problems. Our aim then is to provide some warning signs
for recognized but dangerous obstacles. On the other
hand, what is currently accepted as the best way to
control these insects in the present study, has to be
extensively tested from the human health of view since,
many studies recorded dangerous contaminations (Abel
and Haarmann, 2010; Zhang et al., 2011; Seidler et al.,
2011; Lehotay et al., 2011). This is necessary as this
study recommend an increasing of the IGR dose. The
literature is replete with evidence of human health risks
associated with  cleaning  products, sterilants,
disinfectants, antimicrobials, and a wide range of
pesticides such as insecticides, fungicides, and
rodenticides (Gilden, 2010). Ecological risk assessments
of pesticides usually focus on risk at the level of
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individuals, and are carried out by comparing exposure
and toxicological endpoints. However, in most cases the
protection goal is populations rather than individuals
(Schmolke et al., 2010).
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