
J. Crop Prot. 2016, 5 (2): 293-305______________________________________________________  

 293 

doi: 10.18869/modares.jcp.5.2.293 
 
Research Article 

Effect of four commercial barley varieties on life table parameters 
of Sitotroga cerealella (Olivier) (Lepidoptera: Gelechiidae) 
 
 
Leila Zeinalzadeh, Azadeh Karimi-Malati* and Ahad Sahragard 
 
Department of Plant Protection, Faculty of Agricultural Sciences, University of Guilan, Rasht, Iran. 
 

Abstract: Angoumois grain moth, Sitotroga cerealella (Olivier) is one of the 
most important pests of stored products and known as factitious host for mass 
rearing of insect natural enemies. Effect of four commercial barely varieties 
including Fajr 30, Behrokh, Nik and Yousef on life table parameters of S. 
cerealella was determined at 26 ± 2 °C, 65 ± 5% RH and a photoperiod of 12:12 
h (L: D). Data were analyzed based on the age-stage, two-sex life table theory. 
The results revealed that there were significant differences among various barely 
varieties regarding the developmental times, adult longevity and fecundity of S. 
cerealella. The longest developmental time (56.72 ± 0.29 days) was observed on 
Yousef. The longest and shortest male longevity were obtained on Behrokh (6.77 
± 0.27 days) and Yousef (5.79 ± 0.16 days). Moreover, female longevity ranged 
from 6.20 ± 0.18 to 7.23 ± 0.24 days on Yousef and Behrokh, respectively. The 
highest values of intrinsic rate of increase (r) were estimated 0.0719 ± 0.004 and 
0.0717 ± 0.003 day-1 on Fajr 30 and Behrokh, respectively and the lowest values 
were 0.0539 ± 0.004 and 0.0542 ± 0.003 day-1 on Nik and Yousef, respectively. 
The longest generation time (T) was observed on Yousef. Furthermore, peaks of 
reproductive value occurred at ages of 45, 49, 48 and 53 days when reared on 
Fajr 30, Behrokh, Nik and Yousef, respectively. It can be concluded that Fajr 30 
and Behrokh can be used for mass rearing programs of S. cerealella as an 
alternative host for natural enemies. 
 
Keywords: Angoumois grain moth, Sitotroga cerealella, barely, developmental 
time, fecundity 

 
Introduction12 
 
Annual losses of stored grains due to insect 
infestation have been estimated about 10% (90 
million tons) worldwide (Munro, 1996), which 
is caused by approximately 70 species 
belonging to different families including 
Pyralidae, Gelechiidae, Noctuidae, etc. (Cox 
and Bell, 1991). Angoumois grain moth, 
Sitotroga cerealella (Olivier) (Lepidoptera: 
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Gelechiidae) is one of the most important pests 
of wheat, barley, rice and corn throughout the 
world (Khattak and Shafique, 1981; Ayerty, 
1982; Iqbal and Irshad, 1993; Ashamo and 
Khanna, 2006). The young larvae bore directly 
into grains and consume their contents, causing 
weight loss, reduction in nutritional value, 
contamination of the cereal products by molting 
remains, making them unfit for human 
consumption (Rizwana et al., 2011) and more 
susceptible to secondary insect pest attacks 
(Weston and Rattlingourd, 2000). Control of S. 
cerealella throughout the world has been 
practiced using chemical treatments, plant 
extracts, temperature treatments, natural 
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enemies and resistant varieties (Phillips and 
Throne, 2009). Due to enormous losses in 
cereals, it is desired that resistant varieties are 
evolved to suppress the population of S. 
cerealella in stored products (Rizwana et al., 
2011). Hence, the suitable use of resistant 
varieties in pest management techniques 
requires knowledge of life table and biological 
parameters of the pests (Razmjou et al., 2009).  

Life table is often used by scientists as a 
method of projecting the growth of populations 
and predicting the population dynamics and size 
of a population (Chi, 1990; Carey, 1993; 
Medeiros et al., 2000; Southwood and 
Henderson, 2000; Carey, 2001; Legaspi, 2004, 
Hansen et al., 2004). Some biological 
parameters of S. cerealella on different cereals 
were reported by previous researchers (Cohen 
and Russell, 1970; Ashamo and Khanna, 2006; 
Ahmed and Raza, 2010). Shafique et al. (2006) 
emphasized that there was a significant positive 
correlation between fecundity of S. cerealella 
and weight losses of different wheat genotypes 
caused by developing larvae. Influence of 
physical and chemical traits of eight corn 
varieties on biological parameters of S. 
cerealella was studied by Ahmed and Raza 
(2010). In addition, the resistance of twelve 
wheat genotypes to S. cerealella was evaluated 
by Khan et al. (2010).  

The life-history traits of insects such as 
fecundity, longevity, and survival rate may be 
influenced by variation in food quality 
(Sequiera and Dixon, 1996; Awmack and 
Leather, 2002; Umbanhowar and Hastings, 
2002). Although selection of resistant cereal 
varieties through life table parameters is an 
important tool for IPM in stored products, other 
objectives should be noticed (Hamed and 
Nadeem, 2012). Rearing different biological 
control agents, including Trichogramma, on 
factitious hosts such as S. cerealella has 
improved substantially in recent years 
(Corrigan and Laing, 1994; Abdel-Salem, 2000; 
El-Hafez et al., 2001; El-Wakeil, 2007; Bezerra 
et al., 2012). In fact, the susceptible cereal 
varieties are suitable for mass production of S. 
cerealella as an alternative host for rearing of 

parasitoids and predators (Hamed and Nadeem, 
2012; Saljoqi et al., 2015), because the quality 
of food resources not only affects the life 
history properties of the pest, but it also has 
some tri-trophic effects on natural enemies 
reared on S. cerealella as alternative host. 
Nathan et al. (2006) demonstrated that quality 
of the parasitoid, T. chilonis Ishii was 
influenced by egg of its host, Corcyra 
cephalonica (Stainton), which was reared on 
different cereals. Moreover, percentage of adult 
parasitoid, T. chilonis emerging from C. 
cephalonica eggs reared on corn was higher 
than those reared on wheat and barley (Hamed 
and Nadeem, 2012). Not only the quality and 
chemical content of intermediate host eggs were 
influenced by cereal grains, but the size of host 
egg would be affected by different cereal types 
they are reared on (Werren, 1984). 

Although some related studies have been 
conducted on the effects of different stored 
products on development and fecundity of S. 
cerealella (Shazali and Smith, 1985; Consoli and 
Filho, 1995; Hansen et al., 2004; Khan et al., 
2010), no information is available on life table 
parameters of the pest on four barely varieties 
including Fajr 30, Behrokh, Nik and Yousef.  
 
Materials and Methods 
 
Host plants 
The seeds of four barley varieties including Fajr 
30, Behrokh, Nik and Yusef were obtained 
from Agricultural and Natural Resources 
Research Center of Khorasan Razavi, Mashhad, 
Iran. Seeds of barley varieties were soaked in 
water and then exposed to air in order to dry 
their surface. 
 
Insect culture 
A population of S. cerealella eggs was 
originally obtained from an insectarium in 
Fuman, Guilan, Iran, which were reared on 
barley varieties for three generations before 
using them in experiments. They were reared in 
cylindrical containers (19 cm diameter and 8 
cm height) on each barely variety until the end 
of pupal stage. Then, emerged adults were 
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released in plastic funnels (15 cm diameter) 
covered by fine net at top and kept up-side-
down over a piece of paper as egg laying 
substrate to ease egg collection. 
 
Life table parameters 
Developmental time and reproduction of S. 
cerealella were studied on four barley varieties 
at 26 ± 2 ºC, 60 ± 5% RH and a photoperiod of 
12:12 h (L:D). After adult oviposition over a 
piece of white paper, clusters of eggs attached to 
paper were counted under binocular microscope. 
The paper was then cut into pieces each 
containing one hundred eggs. Eggs of S. 
cerealella were monitored and incubation 
periods were recorded. After hatching, the newly 
hatched larvae were individually transferred by a 
fine brush on different barely seeds in 
microtubes (1.5 cm diameter and 4 cm height 
containing two seeds). First instar larvae of S. 
cerealella entered the grains through the median 
gap of barley seed and completed the larval and 
pupal stages there. Larvae pupated inside the 
seeds and made a hole before pupation. Since the 
larval and pupal developmental times of S. 
cerealella take place within the chamber inside a 
delicate cocoon, determining larval instars was 
not possible. Pupal period was recorded from 
forming a small circular translucent window in 
the grain until adult emergence (Khattak et al., 
1996). There was only one larva in each 
container, so emergence of adult was considered 
as an index for survival of S. cerealella on larval 
and pupal stages. Each container was observed 
daily to record emergence of adults. After 
emergence, each one couple of adults was 
confined in a plastic funnel (15 cm diameter) 
covered by mesh net at top. The number of eggs 
laid by each female per day, oviposition period 
and adult longevity were also recorded.  
 
Statistical analysis  
Raw data on the development, survival and 
daily fecundity of S. cerealella were analyzed 
according to the age-stage, two-sex life table 
(Chi and Liu, 1985; Chi, 1988). 

The age-stage specific survival rate (sxj) 
(where x = age and j = stage), the age-specific 

survival rate (lx), the age-specific fecundity (mx), 
and the population parameters (r, the intrinsic 
rate of increase; λ, the finite rate of increase, λ = 
er; R0, the net reproductive rate; T, the mean 
generation time) were calculated accordingly. 
Data analysis and population parameters were 
calculated using the TWOSEX-MSChart 
program designed in visual BASIC for the 
Windows operation system (Chi, 2015). The 
TWOSEX-MSChart is available at http:// 
140.120.197.173/Ecology/prod02.htm (Chung 
Hsing University) and http://nhsbig.inhs.uiuc.edu 
/wes/chi.html (Illinois Natural History Survey). 
The standard errors of the developmental time, 
mean number of eggs per female, longevity and 
life table parameters were estimated by using 
100,000 bootstraps. We used the paired 
bootstrap test to compare the differences 
between treatments based on the confidence 
interval of the difference between treatments 
(Efron and Tibshirani, 1993; Chi, 2015). 
 
Results 
 
Developmental time and adult longevity 
The developmental time and adult longevity of 
S. cerealella on four barely varieties are shown 
in Table 1. Developmental time including 
incubation period, larval and pupal periods were 
significantly influenced by different barley 
varieties. In addition, there were significant 
differences in total immature stages, male and 
female longevities on the different varieties. 

The incubation period of S. cerealella was 
influenced by the varieties, and the longest 
incubation period was recorded on Behrokh and 
Nik. The larval developmental time ranged from 
33.89 ± 0.34 to 38.41 ± 0.35 days on Behrokh 
and Yousef, respectively. The total immature 
stages of S. cerealella on Yousef (56.72 ± 0.29 
days) was longer than on other varieties.  

There were significant differences in male 
and female longevities (Table 1). Among 
different barley varieties, the longest female 
longevity was 7.23 ± 0.24 days on Behrokh.  

Adult pre-oviposition period (APOP), total 
pre-oviposition period (TPOP), oviposition 
period and mean number of eggs per female of 
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S. cerealella are shown in Table 2. Barley 
varieties had significant effect on APOP, that is 
the duration from adult emergence to first 
oviposition (P < 0.05). In addition, the total pre-
ovipositional periods (TPOP), that is the 
duration from egg to first oviposition was 
affected by host variety and it ranged from 
51.52 ± 0.5 days on Fajr 30 to 56.70 ± 0.47 
days on Yousef. Regarding oviposition period, 
a significant difference was detected among 
different tested varieties (P < 0.05). The results 
confirmed that mean number of eggs per female 
was affected by the host variety. Mean number 
of eggs per female was the highest (163.30 ± 
17.84 eggs) on Fajr 30 and the lowest (79.27 ± 
8.36 eggs) on Yousef variety (Table 1). 
 
Population growth parameters 
Age-stage specific survival rate (Sxj) of S. 
cerealella on the four barely varieties is shown in 
Fig. 1. Based on the age-stage, two-sex life table, 
the age-stage-specific life expectancy (exj) gives the 
expected life span an individual of age x and stage j 
can live after age x (Fig. 2). The highest and the 
lowest trends of life expectancy were observed on 
Fajr 30 (48.25 days) and Yousef (36.6 days), 
respectively. The contribution of an individual of 
age x and stage j to the future population is 
described by the age-stage reproductive value (vxj) 
(Fig. 3). According to results of reproductive value, 
a newborn egg (v01) had a value of 1.074, 1.074, 
1.055 and 1.056 on Fajr 30, Behrokh, Nik and 
Yousef, respectively. Our results revealed that the 
peak of reproductive value occurred at the ages of 

45, 49, 48 and 52 days of the moth on Fajr 30, 
Behrokh, Nik and Yousef varieties, respectively. 
This emphasizes that, in comparison to other ages, 
females at the mentioned ages made the highest 
contribution to the population when reared on the 
respective varieties. 

The age-specific survival rate (lx) and 
fecundity rate (mx) are shown in Fig. 4. The curve 
of lx is a simplified version of the age-stage 
survival rate (Sxj) and describes the change in the 
survival rate of the cohort with age. The trend of 
age-specific fecundity (mx) showed that the 
highest fecundity on varieties (Fajr 30, Behrokh, 
Nik and Yousef) was also observed at the age of 
50, 53, 56 and 60 days, respectively.  

The population parameters of S. cerealella 
are given in Table 3. The results showed that 
different barely verities had significant effect on 
the intrinsic rate of increase (r). The finite rate 
of increase (λ) ranged from 1.055 ± 0.004 to 
1.075 ± 0.004 day-1. The net reproductive rate 
(R0) was also affected by varieties and the 
highest and the lowest R0 was obtained on 
Behrokh (48.410 ± 8.64 female offspring) and 
Nik (20.500 ± 4.60 female offspring), 
respectively. The gross reproductive rate (GRR) 
ranged from 40.558 ± 9.10 on Nik to 98.192 ± 
14.05 (female offspring) on Behrokh. 
According to our results, different varieties had 
significant influence on the mean generation 
time (T) in which, the highest and lowest mean 
generation time was observed on Yousef 
(58.459 ± 0.52 days) and Fajr 30 (52.67 ± 0.61 
days), respectively. 

 
Table 1. The developmental times and adult longevity (Mean ± SE) of Sitotroga cerealella on four barely 
varieties. 
 

Entries Fajr 30 Behrokh Nik Yousef 

Incubation period (day)   6.00 ± 0.00b   7.00 ± 0.00a   7.00 ± 0.00a   5.00 ± 0.00c 

Larval period (day)   36.8 ± 0.38b 33.89 ± 0.34c 36.68 ± 0.40b 38.41 ± 0.35a 

Pupal period (day)   9.48 ± 0.17d 11.79 ± 0.15b 10.97 ± 0.19c 13.31 ± 0.18a 

Immature stage (day) 52.27 ± 0.33c   52.3 ± 0.32c 54.57 ± 0.33b 56.72 ± 0.29a 

Male longevity (day)   6.32 ± 0.13ab   6.77 ± 0.27a   6.14 ± 0.16b   5.79 ± 0.16b 

Female longevity (day)   6.74 ± 0.26ab   7.23 ± 0.24a   6.38 ± 0.3b   6.20 ± 0.18b 
 

The means followed by the same superscript letters in each row are not significantly different using the paired bootstrap test 
(100000 Bootstraps, P < 0.05).  
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Table 2. Reproductive parameters (Mean ± SE) of Sitotroga cerealella on four barely varieties. 
 

Reproductive 
parameters   Fajr 30   Behrokh     Nik   Yousef 

APOP (day)     0.00 ± 0.00b     0.07 ± 0.05b     0.10 ± 0.07b   0.17 ± 0.07a 

TPOP (day)   51.52 ± 0.50c   52.73 ± 0.49bc  53.95 ± 0.66b 56.70 ± 0.47a 

Oviposition (day)     5.70 ± 0.27a     5.73 ± 0.28a     5.10 ± 0.27ab   4.80 ± 0.25b 

No. eggs/female 163.30 ± 17.84a 161.37 ± 15.11a 97.62 ± 11.38b  79.27 ± 8.36b 
 

APOP, adult pre-oviposition period; TPOP, total pre-oviposition period (from egg to first oviposition). Means followed by 
the same superscript letters in each row are not significantly different using the paired bootstrap test (100000 Bootstraps, 
P < 0.05). 

 
 

 
 
 
Figure 1. Age-stage specific survival rate of Sitotroga cerealella on four barely varieties. 
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Figure 2. Age-stage-specific life expectancy of Sitotroga cerealella on four barely varieties. 
 

 
 
 
Figure 3. Age-stage-specific reproductive value of Sitotroga cerealella on four barely varieties. 
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Figure 4. Age-specific survival rate (lx), age-specific fecundity (mx) and age-specific maternity (lxmx) of 
Sitotroga cerealella on four barely varieties. 
 
 
Table 3. The life table parameters (Mean ± SE) of Sitotroga cerealella on four barely varieties. 
 

Parameters Fajr 30 Behrokh Nik Yusef 

r (day-1) 0.0719 ± 0.004a   0.072 ± 0.003a 0.0539 ± 0.004b 0.0542 ± 0.003b 

λ (day-1)   1.075 ± 0.004a   1.074 ± 0.003a   1.055 ± 0.004b   1.056 ± 0.003b 

R0 (offspring) 44.090 ± 8.67a 48.410 ± 8.64a 20.500 ± 4.60b 23.780 ± 4.40b 

GRR (offspring) 60.598 ± 11.47b 98.192 ± 14.05a 40.558 ± 9.1b 51.093 ± 8.33b 

T (day) 52.670 ± 0.61c 54.086 ± 0.50c 56.035 ± 0.64b 58.459 ± 0.52a 
 

r: intrinsic rate of increase, λ: finite rate of increase, GRR: gross reproductive rate, R0: net reproductive rate and T: mean 
generation time. The means followed by the same superscript letters in each row are not significantly different using the 
paired bootstrap test (100000 Bootstraps, P <0.05).  
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Discussion  
 
Several researches demonstrated that the 
developmental time, fecundity and survivorship 
of stored-product pests could be affected by 
physico-chemical characteristics of stored 
products such as nutritional value, morphology 
of grain, hardness and availability of food 
(Khattak and Shafique, 1981; Iqbal and Irshad, 
1993; Khan et al., 2010). Shorter development 
times and greater total reproduction of insects 
on a given diet indicate greater food suitability 
(van Lenteren and Noldus, 1990). Furthermore, 
resistance and susceptibility of different cereal 
grains to storage pests has been studied in terms 
of weight loss, adult emergence (%) and adult 
weight which were greater on susceptible 
varieties than resistant varieties (Shafique et al., 
2006; Ahmed and Raza, 2010; Saljoqi et al., 
2015). Numerous studies have briefly described 
the biology and reproduction behavior of S. 
cerealella on corn (Consoli and Filho, 1995; 
Hansen et al., 2004; Shafique and Chaudry, 
2007), different wheat genotype (Khan et al., 
2010; Saljoqi et al., 2015), sorghum (Shazali 
and Smith, 1985) and rice (Rizwana et al., 
2011). Despite the numerous studies on 
biological parameters of S. cerealella on 
various stored crops, there is no information on 
life table parameters of barley varieties. 

The results of the present investigation 
revealed that the incubation period of S. 
cerealella on different barley varieties ranged 
from 5.00 to 7.00 days, approximately, which is 
in agreement with those reported by Hansen et 
al. (2004), who observed that the incubation 
period took 6.57 and 6.36 days at 25ºC, 44% 
and 80% R.H., respectively. Similarly, Shazali 
and Smith (1985) estimated incubation period 
of 5.8 days at 25 ºC on sorghum for the pest. 

According to our results, the total immature 
stage has been affected by the barley grains 
which larvae reared on and it ranged from 52.27 
± 0.33 days (Fajr 30) to 56.72 ± 0.29 days 
(Yousef). Based on Hansen et al. (2004), the 
total immature stages varied from 48.62 to 
66.89 days at 44% and 80% R.H., respectively. 
The average value of immature stages obtained 

in the current study obviously falls within this 
range. In contrast to our findings, Hamed and 
Nadeem (2012) reported shorter immature 
stages (27.3 days) of S. cerealella on barley at 
27 ± 1 °C, 65 ± 5% RH and a photoperiod of 
12:12 h (L:D). The longer immature stages in 
the current study are probably because of 
differences in S. cerealella population or tested 
barley varieties. Also the results of the current 
study differed from estimate of Shazali and 
Smith (1985) who reported that the immature 
stages of the pest on sorghum took 32.1 days. In 
another investigation, the immature stages of S. 
cerealella on twelve wheat genotypes ranged 
from 21.25 to 23.25 days (Khan et al., 2010). 
The different results of our study can be 
attributed to differences in cereals as diets or 
the strains of S. cerealella.  

Our finding showed that the male and 
female longevities of S. cerealella ranged from 
5.79 ± 0.16 to 6.77 ± 0.27 days and 6.20 ± 0.18 
to 7.23 ± 0.24 days, respectively, which were 
close to the values reported by Hansen et al. 
(2004) for one strain of S. cerealella on corn. 
On the other hand, Shazali and Smith (1985) 
investigated that adult longevity of S. cerealella 
reared on sorghum took 8.5, 6.5 and 4.2 days at 
temperatures of 25, 30 and 35 ºC, respectively. 
Different results were reported by Akter et al. 
(2013), who obtained the male and female 
longevities of 8 ± 0.13 days and 10 ± 0.32 days, 
respectively on rice grains. These differences 
are likely due to either the nutritional quality of 
food or differences of S. cerealella population. 

The results of this study revealed that APOP 
of S. cerealella was less than one day on all 
four tested barley varieties, indicating adults 
were ready to mate and oviposit immediately 
after emergence. Similarly, previous studies 
investigated the duration of the pre-oviposition 
period of S. cerealella as about one day 
(Crombie, 1943; Hansen et al., 2004). 
However, pre-oviposition period on corn 
reported by Throne and Weaver (2013) was 
longer than one day and took from 1 to 2 days 
at 25-40 °C. Gabre et al. (2005) pointed out that 
total pre-oviposition period is a more 
appropriate statistic from the point of view of 
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demography, because it represents the effect of 
the first reproduction on population parameters. 
In fact, APOP is calculated based on time after 
adult emergence while TPOP represents the true 
duration from birth to the first reproduction. In 
the present study, TPOP of S. cerealella 
females was affected by different barely 
varieties and it ranged between 51.52 ± 0.50 
days on Fajr 30 to 56.70 ± 0.47 days on Yousef. 
It seems that developmental time of immature 
stages influenced TPOP. In addition, there was 
a significant difference in oviposition period of 
S. cerealella on barley varieties. However, 
Akter et al. (2013) recorded an oviposition 
period of 3.67 days for S. cerealella on rice 
grain which was shorter compared with that of 
present findings. This difference may be due to 
differences among tested cereals. 

Our investigation confirmed that Fajr 30 and 
Behrokh were the most suitable varieties for 
reproductive performance of S. cerealella. 
Mean number of eggs per female reared as 
larvae on Fajr 30 and Behrokh variety was 
163.30 ± 17.84 and 161.37 ± 15.11 eggs per 
female, respectively, which was notably more 
than 105.5 ± 3.66 eggs as reported by Hamed 
and Nadeem (2012). These discrepancies may 
be related to the experimental conditions and 
different barley varieties. According to present 
study, S. cerealella had less fecundity on Nik 
and Yousef, showing that these two verities 
were the least suitable food. It should be 
considered that nutritional content of stored 
products might be responsible for differences of 
biological parameters of S. cerealella (Saljoqi 
et al., 2015).  

The intrinsic rate of increase (r) is a more 
useful statistic to compare the population growth 
potential of different species than R0, GRR and 
fecundity (Price, 1997; Jha et al., 2014). Since 
intrinsic rate of increase (r) reflects many factors 
such as fecundity, survival rate, generation time 
and adequately summarizes the physiological 
qualities of an animal in relation to its capacity to 
increase, it would be a most desirable index to 
evaluate the performance of an insect on 
different diets (Birch, 1948; Southwood and 
Henderson, 2000). There are few studies which 

investigated the life table parameters of S. 
cerealella on different stored products (Hansen 
et al., 2004). According to our results, a 
significant difference was observed in r values 
with respect to barley varieties. In the present 
study, r values obtained on Fajr 30 (0.0719 ± 
0.004 day-1) and Behrokh (0.0717 ± 0.003 day-1) 
were significantly higher than those on Nik and 
Yousef. Poor fitness of Nik and Yousef varieties 
for S. cerealella may be due to nutritional 
inferiority and poor palatability of these 
varieties. However, additional studies are needed 
for a comprehensive comparison. Hansen et al. 
(2004) reported that r values of S. cerealella on 
corn at 25 °C were 0.031 and 0.067 day-1 at 44 % 
and 80 % relative humidity, respectively. Our 
finding is somehow in agreement with their 
results at 80 % R.H. In conclusion, the high r 
value on Fajr 30 and Behrokh variety indicated 
that S. cerealella had a greater reproductive 
potential and survival rate on these two varieties 
and they were presumably more suitable nutrient 
than the others. In fact, faster developmental 
time and more fecundity resulted in higher r 
values when S. cerealella were reared on 
Behrokh and Fajr 30.  

In this research, R0 and GRR values on 
Behrokh were 48.41 ± 8.64 female offspring and 
98.192 ± 14.05 female offspring, respectively, 
indicating more suitability of Behrokh variety 
compared with Fajr 30. But it should be 
considered that R0 and GRR parameters represent 
only the reproductive potential rather than the 
overall fitness of diets. Thus, these two 
parameters (R0 and GRR) should be used 
cautiously while evaluating suitability of diets to 
an insect. Therefore, based on the above 
discussion, Behrokh and Fajr 30 can be viewed 
as equally suitable grains for S. cerealella. 

The mean generation time (T) for S. 
cerealella ranged from 52.670 ± 0.61 days on 
Fajr 30 to 58.459 ± 0.52 days on Yousef, 
suggesting that Fajr 30 variety is more suitable 
for an increase in pest’s population.  

It is concluded from r values, as the main 
parameter of resistance response in barley 
varieties to S. cerealella, that Yousef followed 
by Nik are significantly resistant varieties, 
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while Fajr 30 and Behrokh were the most 
susceptible ones. Therefore, it is suggested that 
the last two mentioned varieties are best for 
mass production of S. cerealella recommended 
for mass rearing of natural enemies for 
biological control. However, further studies are 
necessary to analyses the chemical composition 
of these barley varieties as well as the physical 
and morphological characteristic of grains. 

According to the present study, different 
barely varieties had significant influence on 
development, fecundity and life table parameters 
of S. cerealella. It is known that the quality and 
quantity of nourishment received by an insect 
can affect its survival and reproduction directly 
(Iqbal and Irshad, 1993; Khan et al., 2010). Our 
findings regarding the selection of resistant 
varieties from those tested, may provide 
important information to aid the design of a 
comprehensive scheme for an IPM program of S. 
cerealella. On the other hand, since this pest is 
one of the most important insects in mass rearing 
of insect natural enemies, assigning of the 
suitable susceptible barley variety, would help us 
improve natural enemy production. 
 
Acknowledgments 
 
We are grateful to authorities of Faculty of 
Agricultural Sciences, University of Guilan for 
providing us research facilities and for their 
financial support. We cordially thank the 
Agricultural and Natural Resources Research 
Center of Khorasan Razavi, Mashhad for 
providing grains of barley varieties. 
 
References 
 
Abdel-Salem, A. H. 2000. Biological and life 

table studies of Harmonia axyridis Pallas' 
(Coleoptera: Coccinellidae) reared on the 
factitious prey, Sitotroga cerealella Olivier 
(Lepidoptera: Gelechiidae). Pakistan Journal 
of Biological Sciences, 3: 580-585. 

Ahmed, S. and Raza, A. 2010. Antibiosis of 
physical characteristics of maize grains to 
Sitotroga cerealella (Oliv.) (Gelechiidae: 
Lepidoptera) in free choice test. Pakistan 

Journal of Life and Social Sciences, 8: 
142-147. 

Akter, T., Jahani, M. and Bhuiyan, M. S. I. 
2013. Biology of the Angoumois grain 
moth, Sitotroga cerealella on rice grain in 
laboratory condition. Journal of the Asiatic 
Society of Bangladesh, 39: 61-67. 

Ashamo, M. O. and Khanna, S. C. 2006. 
Varietal resistance in sorghum to the 
Angoumois grain moth, Sitotroga cerealella 
(Olivier) (Lepidoptera: Gelechiidae). Journal 
of Entomological Research, 30: 245-250. 

Awmack, C. S. and Leather, S. R. 2002. Host 
plant quality and fecundity in herbivorous 
insects. Annual Review of Entomology, 47, 
817-844.  

Ayerty, J. N. 1982. Development of Sitotroga 
cerealella on whole cracked or ground 
maize. Entomologia Experimentalis et 
Applicata, 31: 165-169. 

Bezerra, C. E. S., Tavares, P. K. A., Nogueira, C. 
H. F., Macedo, L. P. M. and Araujo, E. L. 
2012. Biology and thermal requirements of 
Chrysoperla genanigra (Neuroptera: 
Chrysopidae) reared on Sitotroga cerealella 
(Lepidoptera: Gelechiidae) eggs. Biological 
Control, 60: 113-118. 

Birch, L. C. 1948. The intrinsic rate of natural 
increase of an insect population. Journal of 
Animal Ecology, 17: 15-26. 

Carey, J. R. 1993. Applied demography for 
biologists with special emphasis on insects. 
Oxford University Press, New York, 206 pp. 

Carey, J. R. 2001. Insect biodemography. 
Annual Review of Entomology, 46: 79-110. 

Chi, H. 1988. Life-table analysis incorporating 
both sexes and variable development rate 
among individuals. Environmental 
Entomology, 17: 26-34. 

Chi, H. 1990. Timing of control based on the 
stage structure of pest population: a 
simulation approach. Journal of Economic 
entomology, 83: 1143-1150. 

Chi, H. 2015. TWOSEX-MSChart: A computer 
program for the age-stage, two-sex life table 
analysis. National Chung Hsing University, 
Taichung, Taiwan. Available on: http://140. 
120.197.173/Ecology/. 

D
ow

nl
oa

de
d 

fr
om

 o
rm

r.
m

od
ar

es
.a

c.
ir 

at
 2

:3
3 

IR
D

T
 o

n 
F

rid
ay

 A
pr

il 
27

th
 2

01
8

http://journals.modares.ac.ir/article-3-2217-en.html


Zeinalzadeh et al. __________________________________________________ J. Crop Prot. (2016) Vol. 5 (2) 

 303 

Chi, H. and Liu, H. 1985. Two new methods for 
the study of insect population ecology. 
Bulletin of the Institute of Zoology, 
Academia Sinica, 24: 225-240. 

Cohen, L. M. and Russell, M. P. 1970. Some 
effects of rice varieties on the biology of the 
Angoumois grain moth, Sitotroga cerealella. 
Annals of the Entomological Society of 
America, 63: 930-931. 

Consoli, F. L. and Filho, B. F. A. 1995. Biology 
of Sitotroga cerealella (Oliv.) (Lepidoptera: 
Gelechiidae) reared on five corn (maize) 
genotypes. Journal of Stored Products 
Research, 31: 139-143. 

Corrigan, J. E. and Laing, J. E. 1994. Effects of 
the rearing host species and the host species 
attacked on performance by Trichogramma 
minutum Riley. Environmental Entomology, 
23: 755-760. 

Cox, P. D. and Bell, C. H. 1991. Biology and 
ecology of moth pests of stored foods. In: 
Gorham J. R. (Eds.) Ecology and 
Management of Food-Industry Pests, (FDA 
Technical Bulletin Number 4). Gaithersburg, 
Maryland, USA: The Association of Official 
analytical Chemists, PP. 181-193. 

Crombie, A. C. 1943. The development of the 
Angoumois grain moth (Sitotroga cerealella 
Oliv.). Nature, 152, 246. 

El-Hafez, A., El-Khayat, E. F., Shalaby, F. F. 
and El-Sharkawy, M. A. A. 2001. Acceptance 
and preference of pink bollworm and some 
lepidopterous eggs for parasitism by 
Trichogramma. Egyptian Journal of 
Agricultural Research, 79: 123-132. 

El-Wakeil, N. E. 2007. Evaluation of efficiency 
of Trichogramma evanescens reared on 
different factitious hosts to control 
Helicoverpa armigera. Journal of Pest 
Science, 80: 29-34. 

Efron, B. and Tibshirani, R. J. 1993. An 
Introduction to the Bootstrap. Chapman and 
Hall, New York, NY. 

Gabre, R. A., Adham, F. K. and Chi, H. 2005. 
Life table of Chrysomya megacephala 
(Fabricius) (Diptera: Calliphoridae). Acta 
Oecologica. 27: 179-183. 

Hamed, M. and Nadeem, S. 2012. Effect of 
cereals on the development of Sitotroga 
cerealella (Olivier) (Lepidoptera: 
Gelechiidae) and subsequent quality of the 
egg parasitoid, Trichogramma chilonis 
(Ishii) (Hymenoptera: Trichogrammatidae). 
Pakistan journal of Zoology, 44: 923-929. 

Hansen, L. S., Skovgard, H. and Hell, K., 2004. 
Life table study of Sitotroga cerealella 
(Lepidoptera: Gelichiidae), a strain from 
West Africa. Journal of Economic 
Entomology, 97: 1484-1490.  

Iqbal, J. and Irshad, M. 1993. Response of 
wheat to Sitotroga cerealella (Oliv.) 
(Lepidoptera: Gelechiidae). Journal of 
Agricultural Research, 31: 359-362.  

Jha, R. K., Tuan, S. J., Chi, H. and Tang, L. C. 
2014. Life table and consumption capacity 
of corn earworm, Helicoverpa armigera, fed 
asparagus, Asparagus officinalis. Journal of 
Insect Science, 20: 1-12. 

Khan, I., Afsheen, S., Din, N., Khattak, S. U. 
K., Khalil, S. K., Hayat, Y. and Lou, Y. 
2010. Appraisal of different wheat 
genotypes against Angoumois grain moth, 
Sitotroga cerealella (Oliv.). Pakistan journal 
of Zoology, 42: 161-168. 

Khattak, S. U. and Shafique, M. 1981. 
Susceptibility of some wheat varieties to 
Angoumois grain moth, Sitotroga cerealella 
(Olive.) (Lepidoptera: Gelechiidae). 
Pakistan Journal of Zoology, 13: 99-103. 

Khattak, S. U. K., Munaf, A., Khalil, S. K. and 
Hussain, N. 1996. Relative susceptibility of 
wheat cultivars to Sitotroga cerealella 
(Olivier). Pakistan Journal of Zoology; 28: 
115-118. 

Legaspi, J. C. 2004. Life history of Podisus 
maculiventris (Heteroptera: Pentatomidae) 
adult females under different constant 
temperatures. Environmental Entomology, 
33: 1200-1206. 

Medeiros, R. S., Ramalho, F. S., Lemos, W. P. 
and Zanuncio, J. C. 2000. Age-dependent 
fecundity and fertility life tables for Podisus 
nigrispinus (Heteroptera: Pentatomidae). 
Journal of Applied Entomology, 124: 319-324. 

D
ow

nl
oa

de
d 

fr
om

 o
rm

r.
m

od
ar

es
.a

c.
ir 

at
 2

:3
3 

IR
D

T
 o

n 
F

rid
ay

 A
pr

il 
27

th
 2

01
8

http://journals.modares.ac.ir/article-3-2217-en.html


Two-sex life table of Sitotroga cerealella _____________________________________________ J. Crop Prot.  

 304 

Munro, J. W. 1996. Pests of stored products. 
London: Hutchinson.  

Nathan, S. S., Kalaivani, K., Mankin, R. W. and 
Murugan, K. 2006. Effects of millet, wheat, 
rice, and sorghum diets on development of 
Corcyra cephalonica (Stainton) (Lepidoptera: 
Galleriidae) and its suitability as a host for 
Trichogramma chilonis Ishii (Hymenoptera: 
Trichogrammatidae). Environmental 
Entomology, 35: 784-788. 

Phillips, T. W. and Throne, J. E. 2009. 
Biorational approaches to managing stored-
product insects. Annual Review of 
Entomology, 55: 375-397. 

Price, P. W. 1997. Insect Ecology, 3rd edn. 
Wiley, New York. 

Razmjou, J., Tavakoli, H. and Fallahi, A. 2009. 
Effect of soybean cultivar on life history 
parameters of Tetranychus urticae Koch 
(Acari: Tetranychidae). Journal of Pest 
Science, 82: 89-94. 

Rizwana, S., Hamed, M., Naheed, A. and Afghan, 
S. 2011. Resistance in stored rice varieties 
against Angoumois grain moth, Sitotroga 
cerealella (Oliver) (Lepidoptera: Gelechiidae). 
Pakistan Journal of Zoology, 43: 343-348. 

Saljoqi, A. R., Muhammad, G., Huma, Z., 
Ahmad, B., Zada, H., Rehman, S., Nadeem, 
M. and Salim, M. 2015. Screening of various 
irrigated wheat varieties against Angoumois 
grain moth, Sitotroga cerealella (Olivier) 
(Lepidoptera: Gelechiidae). Journal of 
Entomology and Zoology Studies, 3: 36-41. 

Sequiera R. and Dixon, A. F G. 1996. Life 
history responses to host quality changes 
and competition in the Turkey oak aphid. 
European Journal of Entomology, 93: 53-58. 

Shafique, M. and Chaudry, M. A. 2007. 
Susceptibility of maize grains to storage insects. 
Pakistan Journal of Zoology, 39: 77-81. 

 
 
 
 
 
 
 

Shafique, M. Ahmad, M. C. and Chaudry, M. 
A. 2006. Evaluation of wheat varieties for 
resistance to Angoumois grain moth, 
Sitotroga cerealella (Olivier) (Lepidoptera: 
Gelechiidae). Pakistan Journal of Zoology, 
38: 7-10. 

Shazali, M. E. H. and Smith, R. H. 1985. Life 
history studies of internally feeding pests of 
stored sorghum: Sitotroga cerealella (OL.) 
and Sitophilus oryzae (L.). Journal of Stored 
Production Research, 21 (4): 171-178.  

Southwood, T. R. E. and Henderson, P. A. 2000. 
Ecological methods, 3rd ed. Blackwell, 
Oxford, United Kingdom, pp, 575. 

Throne, J. E. and Weaver, D. K. 2013. Impact of 
temperature and relative humidity on life 
history parameters of adult Sitotroga 
cerealella (Lepidoptera: Gelechiidae). Journal 
of Stored Products Research, 55: 128-133. 

Umbanhowar, J. and Hastings, A. 2002. The 
impact of resource limitation and the 
phenology of parasitoid attack on the duration 
of insect herbivore outbreaks. Theoretical 
Population Biology, 62: 259-269. 

van Lenteren, J. C. and Noldus, J. J. 1990. Whitefly 
plant relationship: behavioral and ecological 
aspects. In: Gerling, D. (Ed.) Whiteflies: their 
Bionomics, Pest-Status and Management, pp. 
47-89. Intercept, Andover, UK. 

Werren, J. H. 1984. A model for sex ratio 
selection in parasitic wasps: local mate 
competition and host quality effects. 
Netherlands Journal of Zoology, 34: 81-96. 

Weston, P. A. and Rattlingourd, P. L. 2000. 
Progeny production by Tribolium castaneum 
(Coleoptera: Tenebrionidae) and Oryzaephilus 
surinamensis (Coleoptera: Silvanidae) in 
maize previously infested by Sitotroga 
cerealella (Lepidoptera: Gelichiidae). Journal 
of Economic Entomology, 93: 533-536. 

D
ow

nl
oa

de
d 

fr
om

 o
rm

r.
m

od
ar

es
.a

c.
ir 

at
 2

:3
3 

IR
D

T
 o

n 
F

rid
ay

 A
pr

il 
27

th
 2

01
8

http://journals.modares.ac.ir/article-3-2217-en.html


Zeinalzadeh et al. __________________________________________________ J. Crop Prot. (2016) Vol. 5 (2) 

 305 

 Sitotroga cerealella (Olivier)ی جدول زندگي جو بر پارامترهاي چهار رقم تجارثیرأت
(Lepidoptera: Gelechiidae)  

  
   احد صحراگرد و*زاده، آزاده کریمی ملاطیلیلا زینل

  
  .ایران رشت، گیلان، دانشگاه کشاورزي، دانشکده پزشکی،گیاه گروه

  a_karimi@guilan.ac.ir :مسئول مکاتبه نویسنده الکترونیکی پست* 
  1394 دي 29: ؛ پذیرش1394 مهر 20: دریافت

  
 و  باشدمی انباري محصولات آفات ترینمهم از یکی ،Sitotroga cerealella (Olivier) غلات بید: چکیده

ثیر در این پژوهش تأ. شناخته شده است یز نیعی واسط در پرورش انبوه دشمنان طب      یزبان م یکعنوان  به
 در  S. cerealella، به رخ، نیک و یوسف بر پارامترهاي جدول زندگی 30چهار رقم تجاري جو شامل فجر 

 ساعت روشنایی و 12 درصد و دوره نوري 65 ± 5 درجه سلسیوس، رطوبت نسبی 26 ± 2دمایی  شرایط
مرحلـه رشـدي   -یه جدول زندگی سـنی اساس فرض برهاداده.  ساعت تاریکی مورد مطالعه قرار گرفت  12
نتایج نشان داد که ارقام مختلف جو بر دوره رشد و نمو، طول . جنسی مورد تجزیه و تحلیل قرار گرفتنددو

 ــ   رشــد مراحــل نابــالغتــرین کــل دوره بــیش. داري داشـتند أثیر معنــیعمـر حــشرات بــالغ و بــاروري ت
ترتیب ترین طول عمر حشرات نر به     ترین و کم  بیش. شد رقم یوسف مشاهده     روي)  روز 72/56 ± 29/0(

علاوه بر این، طول عمر . دست آمدبه)  روز 79/5 ± 16/0(و یوسف   )  روز 77/6 ± 27/0( رقم به رخ     روي
.  یوسف و به رخ نوسان داشتهاي رقمرويترتیب  روز به23/7 ± 24/0 تا 20/6 ± 18/0حشرات ماده از 

ترین نرخ ذاتی افزایش بیش.  دار بود غلات روي ارقام مختلف جو معنیگی بیدتفاوت پارامترهاي جدول زند
 و به رخ 30 رقم فجر رويترتیب بود که به) بر روز (0717/0 ± 003/0  و004/0 ± 0719/0 )r(جمعیت 

مربوط به ارقام نیک و ) بر روز( 0542/0 ± 003/0 و 0539/0 ± 004/0ترین مقدار آن  و کمدست آمدبه
  مقدارترینبیشچنین هم.  رقم یوسف مشاهده شدروي) T(ترین مدت زمان یک نسل طولانی.  بودیوسف

 .مشاهده شد، به رخ، نیک و یوسف 30 ارقام فجر رويترتیب  به53 و 48، 49، 45تولیدمثل در روزهاي    
ش انبـوه  پـرور برنامـه  در تواننـد  می  و به رخ30 که ارقام فجر حاضر مشخص شدنتایج پژوهش   اساس  بر

  .مورد استفاده قرار گیرند S. cerealellaدشمنان طبیعی روي میزبان واسط 
  

   جو، دوره رشد و نمو، باروري،Sitotroga cerealella  بید غلات،:واژگان کلیدي
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