
92 
Research Journal of Agriculture and Biological Sciences, 8(2): 92-97, 2012 
ISSN 1816-1561 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLES 
 

Corresponding Author: Marwa Ibrahem Mackled, Agricultural Research Centre, Plant Protection Research Institute 
(PPRI), Cereal and Stored Product Insects. Sabaheyia, Alexandria. 

  E-mail: mazennour2@yahoo.com 

Biological and genetical studies on the rice weevil, Sitophilus oryzae (L.) (Curculionidae: 
Coleoptera), in Egypt. 
 
1Osman A. Zaghloul, 1Magda B. El- Kady, 2Hossam F. El-Wakil, 3Salwa M.S. Ahmed, 4Marwa 
I. Mackled 
 

1Plant Protection Department, Faculty of Agriculture, Saba Basha, Alexandria University.  
2Agricultural Botany Department, Faculty of Agriculture, Saba Basha, Alexandria University.  
3Agricultural Research Centre, Plant Protection Research Institute (PPRI), Cereal and Stored Product Insects. 
Giza, E gypt. 
4Agricultural Research Centre, Plant Protection Research Institute (PPRI), Cereal and Stored Product Insects. 
Sabaheyia, Alexandria. 
 
ABSTRACT 
 
 Four strains of Sitophilus oryzae (L.) were collected from mixed cultivars of rice belonging to different 
localities in Egypt. These wild weevils were bred separately in glass jars using an incubator kept at 28 ±10C and 
70 ± 5%. R.H. Four parent strains and their twelve hybrids were examined for different biological parameters. 
Results of parents showed that the highest biological figures were pointed to the strains, which collected from 
Kafr El- sheikh followed by El-Beheera, Alexandria and Gharbiya. High similarities were also showed between 
the strains of El-Beheera and Alexandria governorates. While for off-spring strains the highest biological values 
were recorded to the hybrids which obtained from crossing among the abovementioned three governorates, with 
positive and high heterosis in all the biological characteristics. The hybrid that obtained from the three previous 
governorates with the Gharbiya strain showed the lowest values and high negative heterosis. It is worth 
mentioning that the obtained results can be considered as a first step in establishing the so-called “IPM” to 
control the insect pest under study. 
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Introduction 
 
 Sitophilus spp. are one of the most serious stored grain pests worldwide. They feed internally by boring into 
stored grains. Adults feed mainly on the endosperm, thus reducing the carbohydrate content, but larvae feed 
preferentially on the germ of the grain and remove a large percentage of the proteins and vitamins (Belloa et al., 
2000). Females of S. oryzae chew holes in grains. Each female then inserts its ovipositor into the hole in the 
grain and lays one egg (Throne, 1994). 
 A fundamental knowledge of the biology of Sitophilus is a prerequisite step for devising methods of 
efficient control measures. In order to understand the biology of the weevil, a sound knowledge about its 
response to the effects of environmental and biological factors is essential. There have been many studies of the 
biology and behaviour of Sitophilus species, mostly on S. oryzae and S. granarius (Longstaff, 1981). 
 Insect oviposition behaviour is an important contributor to the fitness of insects because of the consequent 
effect on the number and quality of offsprings (Smith, 1986; Honek, 1993; Stejskal and Kucerova, 1996). 
Oviposition behaviour varies according to insect species and/or strain, population density, environmental 
conditions, food, age, and size of the individuals. 
 According to Fava and Springhetti (1991) Sitophilus females do not mark the grain, where they have laid 
their eggs before; therefore, they are unable to recognize the presence of eggs. Because of the careful sealing of 
them with gelatinous plug helps the hide of the oviposition punctures. This behaviour of egg laying is surprising 
because it is not clear how Sitophilus benefits from laying more eggs in the same grains.  
 The eggs of S. oryzae are opaque white and elliptical, the size is 0.665 mm in length (Hinds and Turner 
1911). Egg and larval development take place inside the grain. There are four larval instars (Cotton 1920). The 
life cycle of the weevil is 34.8 days at 27C and 69% of RH. (Sharifi & Mills 1971; McGaughey, 1974; Cho et 
al., 1988; Singh 1981; Ryoo & Cho 1992; Haryadi & Fleurat-Lessard 1994).Riudavets & Lucas 2000; Lucas & 
Riudavets 2000  
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Materails And Methods 
 
A- Insects and Rice Grains: 
 Three lots (3kg), each of mixed rice cultivars were taken at random from three different retail grain stores 
located in Alexandria, El-Beheira, Kafr El- Sheikh and Gharbiya governorates. Rice lots were sieved to obtain 
the so-called "feral weevils". Weevils of each locality were then ultured separately in glass jars (10 cm. high X 
25 cm. in diameter), which contained sterilized rice by freezing for 10 day to free the grains from any previous 
infestation (Giga and Smith 1987) and to get adults of the same age for the biological and crossing experiments.  
 The stesilized rice grains were then spread evenly and thinly on trays covered with maslin sheets and 
conditioned for seven days at 28 ±10C and 70 ± 5% according to Dick and Cresland (1984). These strains were 
tested for some biological parameters. Five males from each location were crossed with five females of the 
another one and vice-versa to show the effect of crossing on the weevils behaviour of their hybrids. (kossou et 
al.1992). 
 
B- Biological Studies: 
 
 Equilibrated grains of each locality were then transferred to semi-opaque conical cups (10cm. high x 3-5 
cm. in diameter). Twenty grains were put in each cup. Five active, seven to ten days old adult females and one 
male were confined in each cup. The females were assumed to be mated but the single male was included for 
possible unmated females. Every day the tested grains were replaced by other 20 uninfested ones. Ten infested 
grains were left and examined for the emergence of adults, whereas the other ten grains were stained to locate 
the egg plugs. These studies were performed under the laboratory conditions of 28 ±10C and 70 ± 5 R.H. 
The observed biological parameters were: Pre- oviposition period (in days), Oviposition period (in days), 
number of oviposited eggs, Post- oviposition period (in days), developmental period (MDP, in days), number of 
resulting weevils, adult longevity (in days), Adults length (mm.) and weight of 100 Adults (g.). 
 
C- Crossing: 
 
 12 possible hybrids were obtained from crossing of the four population (five male x five female from each 
governorate and vice versa) as fellows: Alexandria x El-Beheera (A x B), El-Beheera x Alexandria (BxA), 
Alexandria x Kafr  El-Sheikh (AxK), Kafr  El-Sheikh x Alexandria (KxA), Alexandria x Gharbiya (AxGH), 
Gharbiya x Alexandria (GHxA), El-Beheera x Kafr  El-Sheikh  (BxK), Kafr  El-Sheikh  x El-Beheera (KxB), 
El-Beheera x Gharbiya (BxGH), Gharbiya x El-Beheera (GHxB), Kafr  El-Sheikh x Gharbiya (KxGH) and 
Gharbiya x Kafr  El-Sheikh (GHxK).  
 
D- Mid-Parents Heterosis (H%): 
 
 Heterosis of an individual cross was determined for each character as the increase in mean of F1 hybrid 
over its better parent, according to the following formula adopted by Bhatt (1971). 
% Mid-parents Heterosis = [(µF1- (µP1+µP2)/ µp] x100 Where:  
F1: First generation hybrids; 
µP1: Mean value of the first parents, and 
µP2: Mean value of the second parents 
 
Results And Discussion 
 
A- Parental Biology: 
 
 The highest biological values were recorded for the strain has been collected from Kafr El- Sheikh 
governorate. Data in Table 1 showed that this strain decreased the preoviposition period (3.00±1.50 day) 
compared with the other strains mean values of 177.9±3.80 (in days), 351±4.60 (eggs/female), 51.12±3.10 (in 
days), 26.3±1.31 (in days), 252.16±3.10 (adult), 281.11±8.11 (in days), 3.21±0.76 (mm) and 0.32±0.01 (g) for 
the parameters oviposition period (in days), number of oviposited eggs, Post- oviposition period (in days), 
developmental period (MDP, in days), number of resulting weevils, adult longevity (in days), Adults length 
(mm.) and weight of 100 Adults (g.), respectively. While in El-Beheera governorate the values were 5.00 ± 1.00 
(in day), 168.0±3.30 (in days), 301.9±2.46 (eggs/female), 42.0±2.30 (in days), 29.8±2.01 (in days), 227.11±2.00 
(adult), 254.21±5.10 (in days), 2.94±0.44 (mm) and 0.24±0.01 (g). Alexandria governorate was approximately 
on par with the values of El-Behira governorate; the values were 6.00± 0.90 (in day), 163.6±5.50 (in days), 
292.6±3.30 (eggs/female), 40.00±4.10 (in days), 29.0±1.00 (in days), 221.0±5.23 (adult), 262.0±4.67 (in days), 
2.90±0.34 (mm) and 0.19±0.02 (g), for number of pre- oviposition period (days), oviposition period (days), 
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number of oviposited eggs, post- oviposition period (days), mean developmental period (MDP, in days), number 
of resulting weevils, adult longevity (in days), adults length (mm) and weight of 100 Adults (g), in respect. 
Finally, results showed that, the lowest values were referred to the harbiya governorate, this strain increased the 
period to put egg on the grain compared with the other strains i.e. 8.00±0.66 (in day). But the values of 
159.6±3.30 (in days), 297.9±4.37 (eggs/female), 56.02±3.10 (in days), 32.71±2.35 (in days), 201.17±5.10 
(adult), 223.62±3.19 (in days), 2.96±0.81 (mm) and 0.22±0.00 (g) were decreased for the same biological 
parameters, subsequently.  
 Data shown in Figure 1 have revealed high similarities between the two strains from El-Beheera and 
Alexandria allocated in medial of the cluster compared with other strains, it may be due to either the similarity 
in the environmental conditions or the near distance between the two governorates. The cluster showed also no 
similarities between the Kafr El-Sheikh strain and the pervious strains, it took single place at the cluster. Finally 
Gharbiya strain was the lasted one in the cluster.  
 
Table 1: Mean biological parameters of S. oryzae (L.) strains infesting rice samples of El-Beheera, Alexandria, Kafr El-Sheikh and 

Gharbiya governorates at the laboratory conditions of 27±10C and70± 5%  R.H. 
Mean biological parameters 
 
                                Strains  

El-Behira Alexandria Kafr  El- sheikh Gharbiya 

Pre-oviposition period (day) 05.00±1.00 6.00± 0.90 3.00±1.50 8.00± 0.66 
Oviposition period (days) 168.0±3.30 163.6±5.50 177.9±3.80 159.6±3.30 
No. of oviposited eggs (egg/fe.) 301.9±2.46 292.6±3.30 351.0±4.60 297.9±4.37 
Post- oviposition period (day) 42.00±2.30 40.00±4.10 51.12±3.10 56.02±3.10 
Developmental period (MDP) (d) 29.80±2.01 29.0±1.00 26.30±1.31 32.71±2.35 
No. of resulting weevils 227.11±2.00 221.0±5.23 252.16±3.10 201.17±5.10 
Adults longevity (day) 254.21±5.10 262.0±4.67 281.11±8.11 223.62±3.19 
Adults length (mm) 02.94±0.44 02.90±0.34 03.21±0.76 02.96±0.81 
Weight of 100 Adults (gm) 00.24±0.01 0.19±0.02 00.32±0.01 00.22±0.00 

*d: days, e/f: egg/female and MDP: The period between the number of 50% of oviposited eggs and 50% of the emerged adults. 

 

 
 
Fig. 1: Similarity and genetic distance of four  strains infesting rice samples from El-Beheera, Alexandria, Kafr 

El-Sheikh and Gharbiya at laboratory conditions. 
 
B- F1 Hybrids Biology: 
 
 Again the same biological parameters were studied as mentioned above, in addation to both adults length 
and weight. The highest biological values were recorded to the hybrids which obtained from crossing between 
the three governorates, El- Beheera, Alexandria and Kafr El-sheikh with positive heterosis in all biological 
characteristics. While the hybrid which obtained from the previous governments with Gharbiya governorate 
showed lowest values and negative heterosis  
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 The highest values in biology were recorded for the following hybrids i.e. El- Beheera x Kafr El-Sheikh; 
Kafr El-Sheikh x El- Beheera; El- Beheera x Alexandria; Alexandria x El- Beheera; Alexandria x Kafr El-
Sheikh and Kafr El-Sheikh x Alexandria. The data in Table 2 and Figure 2 showed that these hybrids were very 
active and had more progeny than their parents in all the biological characters after the mixing or crossing. 
These results indicated all the hybrids recorded positive values of heterosis and it’s not right to mixing between 
these governorates depending on the biological values and mid-parents heterosis, especially for the number of 
resulting weevils, adult longevity (days) and length and weight of adults. 
 The biological values in Table 2 and Figure 2  for (B x K); (K x B); (B x A); (A x B); (A x K) and (K x A) 
hybrids were 5.10±1.21, 5.01±1.20, 5.74±1.70, 5.80±1.10, 5.87±1.21 and 5.60±1.26 (in day); 212.0±6.10, 
219.6±5.51, 199.63±6.37, 187.0±4.65, 183.12±6.18 and 186.1±9.51(in days); 364.0±11.10, 345.11±9.32, 
347.0±7.39, 331±8.61, 327.0±10.00 and 331.10±9.31 (egg/female); 67.0±7.20, 65.09±5.10, 64.02±2.11, 
60.11±6.11, 56.0±3.20  and 55.09±3.10 (in days); 29.0±2.01, 29.0±2.20, 30.0±1.30, 29.91±1.01, 29.5±2.01and 
29.7± 2.23 (in days), 276.13±12.01, 270.0±10.13, 251.10±10.01, 254.10±7.16, 249.13±10.09 and 245.0±11.10 
(adult); 284.01±9.15, 289.7±8.60, 269.39±8.89, 280.19±9.10, 244.99±9.15 and 246.79±8.60 (in days); 
3.64±0.40, 3.28±0.34, 3.0±0.61, 3.01±0.49, 3.24±0.40 and 3.18±0.34 (mm) and 0.32±0.51, 0.29±0.12, 
0.26±0.05, 0.27±0.07, 0.30±0.51 and 0.27±0.12 (g), subsequently, for number of Pre- oviposition period (days), 
Oviposition period (days), number of oviposited eggs, Post- oviposition period (days), mean developmental 
period (MDP, in days), number of resulting weevils, adult longevity (in days), Adults length (mm) and weight of 
100 Adults (g), in respect. 
 The lowest biological values were recorded for the resulted of hybrids El-Beheera x Gharbiya; Gharbiya x 
El-Beheera; Alexandria x Gharbiya; Gharbiya x Alexandria; Kafr  El-Sheikh x Gharbiya and Gharbiya x Kafr  
El-Sheikh. As shown in Table 3 and Figure 2 these hybrids were very poor and had little progeny than parents in 
all the biological characters after the mixing or crossing. These results indicated that, all these hybrids recorded 
negative values of heterosis and its suitable and recommended to mixing among these governments depending 
on the biological values and mid-parents heterosis.   
 The biological values of (B x GH); (GH x B); (A x GH); (GH x A); (K x GH) and (GH x K) hybrids were 
5.74±1.30, 4.80±1.61, 4.35±1.63, 4.70±1.03, 5.35±1.13 and 5.76±1.00 (in day); 142.60±5.30, 147.0±6.62, 
130.0±4.60, 131.0±6.25, 143.0±3.61 and 140.0±5.25 (in days); 268.0±10.39, 251.0±12.01, 233.0±7.63, 
215.0±9.01, 253.0±7.63 and 235.0±10.01 (eggs/female); 44.02±2.10, 40.10±4.11, 32.21±3.32, 32.01±2.10, 
34.29±3.32 and 33.0±2.14 (in days); 28.07±1.36, 28.90±2.01, 24.12±1.37, 24.01±1.94, 25.0±2.31and 24.0± 0.98 
(in days), 187.10±10.00, 182.10±5.13, 169.0±4.10, 163.0±5.11, 207.0±6.19 and 218.0±8.13 (adult); 
192.36±8.89, 191.9±9.10, 166.56±10.50, 167.71±6.43, 182.82±10.50 and 178.76±6.43 (in days); 2.43±0.61, 
2.61±0.49, 2.01±0.11, 2.00±0.09, 2.31±0.11 and 2.27±0.09 (mm) and 0.23±0.05, 0.21±0.07, 0.15±0.01, 
0.16±0.04, 0.19±0.01 and 0.20±0.04 (g), respectively, for number of Pre- oviposition period (days), Oviposition 
period (days), number of oviposited eggs, Post- oviposition period (days), mean developmental period (MDP, in 
days), number of resulting weevils, adult longevity (in days), Adults length (mm) and weight of 100 Adults (g), 
respectively 
 
Table 2: Biological parameters of F1 hybrids of S. oryzae (L.) strains infesting rice samples of El-Beheera x Kafr El-Sheikh; Kafr El-Sheikh 

x El-Beheera; El-Beheera x Alexandria; Alexandria x El-Beheera; Alexandria x Kafr El-Sheikh and Kafr El-Sheikh x Alexandria 
at the laboratory conditions of 27±10C and70± 5%  R.H. 

Biological parameters B x K K x B B x A A x B A x K K x A 
Pre- oviposition period (days) 5.10±1.21 5.01± 1.20 5.74± 1.70 5.80±1.10 5.87±1.21 5.60± 1.26 
(%)Heterosis  1.1 1.01 0.24 0.3 1.37 1.1 
Oviposition period (days) 212.0±6.10 219.6±5.51 199.63±6.37 187.0±4.65 183.12±6.18 186.1±9.51 
(%)Heterosis  39.05 46.65 33.83 21.2 12.37 15.35 
No. of oviposited eggs 364.0±11.10 345.11±9.32 347.0±7.39 331±8.61 327.0±10.00 331.10±9.31 
(%)Heterosis  37.55 18.66 49.75 33.75 5.2 9.3 
Post- oviposition period (days) 67.0±.20 65.09±5.10 64.02±2.11 60.11±6.11 56.0±3.20 55.09±3.10 
(%)Heterosis  20.44 18.53 23.02 19.11 10.44 9.53 
MDP (days) 29.0±2.01 29.0±2.20 30.0±1.30 29.91±1.01 29.5±2.01 29.7±2.23 
(%)Heterosis  0.95 0.95 0.6 0.51 1.85 2.05 
No. of resulting weevils 276.13±12.01 270.0±10.13 251.10±10.01 254.10±7.16 249.13±10.09 245.0±11.10 
(%)Heterosis  11.49 5.36 1.95 5.05 12.55 8.42 
Adults longevity (days) 284.01±9.15 289.7±8.60 269.39±8.8 9 280.19±9.10 244.99±9.15 246.79±8.60 
(%)Heterosis  16.35 22.04 11.28 22.09 13.43 15.23 
Adults length (mm) 3.64±0.40 3.28±0.34 3.0±0.61 3.01±0.49 3.24±0.40 3.18±0.34 
(%)Heterosis  0.56 0.2 0.08 0.09 0.18 0.13 
Weight of 100 Adults (gm) 0.32±0.51 0.29±0.12 0.26±0.05 0.27±0.07 0.30±0.51 0.27±0.12 
(%)Heterosis  0.04 0.01 0.05 0.06 0.045 0.015 

* B: El-Beheera; A: Alexandria; K: Kafr  El-Sheikh 
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Table 3: Biological parameters of F1 hybrids of S. oryzae (L.) strains infesting rice samples of Alexandria x Gharbiya; Gharbiya x 

Alexandria; Kafr El-Sheikh x Gharbiya; Gharbiya x Kafr El-Sheikh; El-Beheera x Gharbiya and Gharbiya x El-Beheera at the 
laboratory conditions of 27±10C and70± 5%  R.H. 

Biological parameters A x GH GH x A K x GH GH X K B x GH GH X B 
Pre- oviposition period 
(days) 

5.74± 1.30 4.80±1.61 4.35±1.63 4.70±1.03 5.35±1.13 5.76±1.00 

Heterosis (%) -1.26 -2.2 -1.15 -0.8 -1.15 -0.74 
Oviposition period (days) 142.60±5.30 147.0±6.62 130.0±4.60 131.0±6.25 143.0±3.61 140.0±5.25 
Heterosis (%) -19.6 -14.6 -38.75 -37.75 -20.8 -23.8 
No. of oviposited eggs 268.0±10.39 251.0±12.01 233.0±07.63 215.0±09.01 253.0±07.63 235.0±10.01 
Heterosis (%) -27.25 -44.25 -91.45 -89.45 -46.9 -64.9 
Post- oviposition period 
(days) 

44.02±2.10 40.10±4.11 32.21±3.32 32.01±2.10 34.29±3.32 33.0±4.12 

Heterosis %) -3.99 -7.91 -21.36 -21.56 -5.72 -16.01 
MDP (days) 28.07±1.36 28.90±2.01 24.12±1.37 24.01±1.94 25.0±2.31 24.0±0.98 
Heterosis (%) -2.78 -1.95 -5.38 -5.49 -6.23 -7.25 
No. of resulting weevils 187.10±10.00 182.10±5.13 169.0±4.10 163.0±5.11 207.0±6.19 218.0±8.13 
Heterosis (%) -23.98 -28.99 -57.66 -63.66 -32.14 -21.14 
Adults longevity (days) 192.36±8.8 9 191.9±9.10 166.56±10.50 167.71±6.43 182.82±10.50 178.76±6.43 
Heterosis (%) -50.45 -50.9 -85.8 -89.36 -56.09 -60.15 
Adults length (mm) 2.43±0.61 2.61±0.49 2.01±0.11 2.00±0.09 2.31±0.11 2.27±0.09 
Heterosis (%) -0.5 -0.32 -1.07 -1.08 -0.64 -0.68 
Weight of 100 Adults (gm) 0.23±0.05 0.21±0.07 0.15±0.01 0.16±0.04 0.19±0.01 0.20±0.04 
Heterosis (%) 0.025 0.005 -0.12 -0.11 -0.04 -0.03 

* A: Alexandria; K: Kafr  El-Sheikh; GH: Gharbiya 

 
 This study dealt with stored product pests whose immature stages live and feed within  grains. This insect 
of pest is faced with special evolutionary problems. Females influence the fitness of their progeny according to 
whether they space eggs out and minimise competition between larvae, or they distribute their eggs randomly or 
in a clump pattern and suffer the loss of both quantity and quality of the resulted offspring (Giga and Smith, 
1990). According to Smith (1986) and Fava and Springhetti (1991) Sitophilus females do not mark the grain 
where they have laid their eggs, therefore, they are unable to recognise the presence of eggs and the careful 
sealing in of an egg with a gelatinous  plug helps hidding the oviposition puncture. This kind of egg laying is 
surprising because it is not clear how Sitophilus oryzae benefits from laying more eggs in the same grains. 
 

 
 
 
Fig. 2: Mid-Parents heterosis of F1 hybrids for the assigned biological parameters of S. oryzae (L.) strains 

infesting rice samples. 
 
 The obtained results showed significant differences in the biological parameters either among locations or 
among parameters of each location. These differences were mainly due to the differences in the weevils strains 
as well as differences in the mixed rice samples representing different populations. Data shown in Figure 3 
revealed high similarities among hybrids, which were obtained from crossing between the three governorates, 
El-Beheera, Alexandria and Kafr  El- sheikh in one cluster, while the hybrid which was obtained from the 
previous governments with Gharbiya governorate showed lowest values and located in other cluster  

Parameter
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Fig. 3: Similarity and genetic distance of F1 hybrids strains infesting rice samples.  
 
 The results agreed with those of Likhayo and Hodges (2000) who reported that, rice weevil female chews a 
hole into the kernel of grain and lays an egg, sealing the opening with a gelatinous material. Females can lay 
300 to 400 eggs in their lifetime, but egg-laying is sporadic during the wintertime, with less activity at cooler 
temperatures. There are 3 to 4 instars (growth stages), which require an average of 18 days for development. 
The authors reported that, the pupal stage requires an average of 6 days (range 3 to 9) and upon transformation, 
the adult insect will remain within the kernel for 3 to 4 days until it tans (hardens) and matures. The life cycle 
(egg to egg) may be as short as 32 days in the summer. The adult may live for 3 to 6 months. 
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