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ABSTRACT  
Incidence intensity of Bruchus rufimanus infestation upon the germination of Vicia faba dry seeds collected in 2012 and 2013 was studied. 
The experiment was conducted upon healthy seeds, and infested seeds either with a single hole, with two holes and with three holes under 
early and late watering conditions. Results showed that whatever the year or number of seed holes, germination rates of the seeds watered 
early and those watered late were not significantly different recording a longer time interval between the seeding and the start of germination 
if watering was late. Seeds collected in 2012 took two additional days to germinate than those harvested in 2013 exhibiting germination 
rates of 84% and 78% for early and late watered seeds respectively. Germination percentages decreased gradually as the number of larvae 
developed per seed increased. Beans collected in 2013 indicated higher mean germination percentage of 100% for healthy seeds, 84% for 
the seeds with 1 hole and 76% for the seeds with two holes and only 58% for seeds with three exit holes. Weevil emergences were important 
during the first three days of sowing and 93% of weevils present in one hole seeds arrived to leave them reaching the surface of the pots 
seedlings. For seeds with 2 and 3 holes, only 77% and 78.33% of weevils respectively, left the seeds. The results showed that B. rufimanus 
adults came with the seeds at seedling and represented a source of infestation of broad bean crops. Our study demonstrates the negative 
effect of B. rufimanus upon the seed germination of its legume host which is depending on larval density reducing seedling growth. 
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INTRODUCTION 
 

Seed germination can take place only if certain conditions are met such as: temperature, moisture, oxygen 
and light. However, even when these conditions are met, it may be limited by some extrinsic factors such as the 
presence of insect larvae that feed upon the cotyledon reserves. Seed beetles (Coleoptera: Chrysomelidae: 
Bruchinae) are especially common predators and parasites of legume seeds in warm environments and many of 
them are highly host-specific [20]. Bruchids larvae cause heavy damage to the seeds. In some cases, the insect 
act as a seed predator since larval feeding kills the embryo or removes so much endosperm so that the seed 
cannot germinate [25]. After egg deposition by females upon the pods or seeds, larvae break into the seed 
cotyledons then dig tunnels that clutter with excrements. The seed loses its value as a seed; not only by reducing 
significantly seed germination but also by inducing quantitative depreciation and occurring qualitative changes 
in reserves contained in seeds [15, 21, 13]. 

The broad bean B. rufimanus (BOH.) is a univoltine species developing within Vicia faba L. bean seeds. 
Adults reproduce in the field and females lay eggs upon the green pods of its host plant; these insects are in 
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reproductive or in larval diapause when the host plant pods are not available [17]. Thus, unlike to polyvoltine 
bruchids like Acanthoscelides obtectus SAY and Callosobruchus maculatus (F.), broad bean weevil cannot 
reproduce and cannot develop in seed storage systems [17].  

Damage of bean seeds by bean weevils commonly occurs in production where damage can constitute from 
3% to 70% recording differences between cultivars [14]. According to Boughdad and Lauge [4], broad bean 
infestation rates range from 4% to 62% depending in regions (Morroco) showing a mean rate of 33% where 
infestation intensity by B. rufimanus was about 3 adults per seed in 50% of the studied fields. Indeed, upon bean 
seeds, larvae cause not only weight losses [4], but also affect seed germination of V. faba in which they 
developed.  

Seeds are the only means for propagation of V. faba and infestation by bruchid beetle could present a 
serious problem for seed germination. Our investigation aims to evaluate the role of bruchid beetles on seed 
viability and seed germination by studying the consequences of B. rufimanus infestation upon the germination 
of V. faba dry seeds. The possibility of infection of the bean in the field by adults, still present in the seed at the 
time of sowing, was analyzed. This means that it will be possible to know whether the adult present in the seed 
sown can survive and be a source of infestation of the bean in the field next season. 

 
MATERIALS AND METHODS 

 
The study was performed in laboratory conditions upon a variety major of broad bean V. faba, harvested 

from field in Tizi-Ouzou  (36°42' N- 4°13' E) (Algeria) in 2012 and 2013. A number of 800 bean seeds was 
sorted, 400 seeds were collected in 2012 and 400 seeds harvested in 2013. Seeds collected in 2012 were sorted 
as follows: 

- 100 healthy seeds; 
- 100 seeds with one hole (allowing the development of one larva); 
- 100 seeds with 2 holes (enabling the development of two larvae); 
- 100 seeds with 3 holes (enabling the development of 3 larvae). 
Seeds of one year old have empty larval galleries corresponding to those insects already emerged. The same 

process was applied for seeds of 2013 which had closed opercula and still contain weevils. 
Seedlings were performed during the last week of October in plastic pots of 9cm deep and 7.5 cm in 

diameter filled with peat. This device required 800 pots at the rate of one seed per pot placed in ventilated cages 
for each year. For the seeds of the year, each pot was covered with tulle of 0.1mm mesh in order to prevent the 
escape of B. rufimanus adults. 
 
Influence of watering upon germination: 

In order to analyze the effect of rain upon seed germination as well as the emergence of weevils, early and 
late watering with tap water were conducted. Bean seeds were watered since the seedlings, one time every two 
days, for early watering while it was three days later and underwent watering every 4 days for the late watering.  
Seeds collected in 2012 and 2013 were distributed as follows:  

- 100 healthy seeds: 50 seeds watered early (SWE) and 50 seeds watered late (SWL);  
- 100 seeds with 1 hole: 50 SWE and 50 SWL;  
- 100 seeds with 2 holes: SWE 50 and 50 SWL; 
- 100 seeds with 3 holes: SWE 50 and 50 SWL. 

 
Influence of seed age upon germination: 

In order to recommend seeding of older bean seeds of one year old where all the weevils are died, the 
experimentation was performed to see if age has an effect upon seed germination. After germination, seeds that 
germinated were counted, that is those which exhibit a breakthrough of epicotyls and output of the first leaves. 
The germination percentage of seeds harvested in 2012 and 2013 was thus calculated and the germination time 
noted and then compared.  
 
Influence of infection by B. rufimanus on germination: 

The influence of infestation rate upon bean seeds germination is determined by the degree of seed 
infestation depending on the number of adult exit holes, in comparison with healthy seeds grown under the same 
conditions. The observation and counting of germinated seeds were carried out daily from the first day of 
planting. Non-germinated seeds were detected and their health status was noted. 
 
B. rufimanus adult longevity in diapausing places after their emergence from the sown seeds of the year: 

Planting pots of bean seeds of the year, were covered with tulle inserted using an elastic. The emerged 
weevils were collected then placed in breeding boxes containing corrugated cardboard used as diapausing places 
which are changed after each observation. The removal of weevils was made since the first day of sowing until 
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the release of all individuals. In order to determine weevil longevity, the boxes were observed every week and 
the dead weevils were counted and removed from the boxes until the death of all individuals. The weevils were 
not fed during the experiment. 

 
Statistical analysis: 

To investigate the influence of different factors, including seed age and infestation degree by B. rufimanus 
on germination, results were compared by the chi-square test. Variance analysis test (Dagnelie, 1975) was used 
for the harvesting year of the seed and the number of holes per seed and this for the early and late watering. The 
interpretation of our analysis was done at the 5% threshold. 

 
Results: 

Changes in average daily temperatures recorded during the experimental period were limited; they ranged 
between 20 and 24°C. The photoperiod during this period was of 12h 06: 11h 54 LD and humidity of 70%.  
 
Influence of watering time upon of the healthy seeds germination: 

Results for the germination time of seeds harvested in 2012 after early or late watering (Table 1) showed 
that early watered seeds germinated from the 7th day of sowing and those watered late germinated after the 9th 
day of sowing. SWL seeds took two days to germinate more. Germination rates determined from 50 SWE bean 
seeds and 50 SWL seeds were about 84% for SWE seeds and 78% for the SWL seeds. This difference was not 
significant (F = 0.6; ddl=1; p = 0.4). 

Results for the germination time of seeds harvested in 2013 after early or late watering (Table 1), indicated 
that early watered seeds begin to germinate from the 5th day of sowing and those watered later germinated after 
the 7th day. All the sown seeds have germinated from the 11th day for the seeds watered early while only 47 
seeds germinated at 15th day for those watered late. 

Germination percentages determined from SWE 50 seeds and SWL 50 seeds were about 100% for SWE 
seeds and 94% for SWL seeds. This difference was not significant (F = 3.13, ddl=1, p = 0.07). Furthermore, our 
results showed that seeds of one year old (collected in 2012) took two additional days to germinate compared to 
the seeds harvested in 2013. However, statistical analysis did not show any significant differences between 
germination rates of seeds harvested in 2012 and those harvested in 2013 (F = 2.77, ddl=7, p = 0.1149). 

 
Table 1: Number of germinated seeds depending on the time after early watering (SWE) and late watering (SWL) of healthy seeds 

harvested in 2012 and 2013. 
  Time 

Year Watering 5th day 7th day 9th day 11th day 13th day 15th day 
2012 SWE 0 19 28 35 40 42 

SWL 0 0 11 19 37 39 
2013 SWE 1 30 49 50 50 50 

SWL 0 2 37 43 43 47 

 
Influence of B. rufimanus infestation upon germination: 

Results recorded for the impact of B. rufimanus on the germination of bean seeds harvested in 2012 (Figure 
1) showed average germination rate of 84% for healthy seeds while it was about 60% for the seeds with 1 hole 
and only 38% for seeds with 3 holes. These results indicated that of healthy seeds were higher compared to that 
of the contaminated seeds having weevils exit holes. Germination percentages decreased gradually as the 
number of larvae developed per seed increased. 

The percentage of SWE germinated seeds was significantly higher in healthy seeds than in contaminated 
seeds (χ2 = 24.12 DS; ddl = 3, p = 0), this rate depends on the number of weevils that developed within seeds. 
Similarly, germination percentages of healthy seeds (SWL) watered late, were significantly higher in healthy 
seeds in comparison to contaminated seeds (χ2 = 28.04 DS; ddl = 3, p = 0.0000). However, germination rates 
did not vary significantly regardless of the larval density (χ2 = 1.56 NS, ddl = 2, p = 0.5). Also, according to the 
larval density, germination rates were not significantly different when comparing values obtained after early and 
late watering (χ2 = 0.08 NS; ddl = 2, p = 0.96). 

Results of B. rufimanus impact on the germination of bean seeds harvested in 2013 (Figure 2) indicated 
mean germination percentage of 100% for healthy seeds, 84% for the seeds with 1 hole and 76% for the seeds 
with two holes while it was only of 58% for seeds with three exit holes. The percentage of germinated SWE 
seeds was highly significant for healthy seeds than in contaminated seeds (χ2 = 28.07 DS, ddl = 3, p = 0). This 
rate depends on the number of weevils that develop in the seed. Seeds hosting more weevils had the lowest rate 
of germination. The percentage of germinated SWL seeds was significantly higher in healthy seed than in 
contaminated seeds (χ2=34.37 DS, ddl = 3, p = 0). On the contrary, germination rates did not vary significantly 
regardless of the larval density (χ2 = 5.7 NS, ddl = 2, p = 0.06). In the same time, germination rates, according 
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to the larval density, were not significantly different when comparing the values obtained after early and late 
watering (χ2 = 0.12 NS, ddl = 2, p = 0.9). 

The reduction of the germination rate in accordance with the increase in the number of holes, showed that 
the larval density have a negative effect upon germination capacity of V. faba seeds. A presence of B. rufimanus 
larvae developed near the seedling was observed; this affected seed germination rates and induced a delay of 2 
days for the onset of germination.  
 
Monitoring adult longevity of B. rufimanus after their emergence from V. faba seeds: 

Using attacked seeds constitute a certain source of infestation of beans in the field. After sowing, males and 
females adults of B. rufimanus emerge from seeds and return to the overwintering sites to pass their diapause 
and then colonize crops. In this part of the work, we tried to highlight the longevity of weevils in places of 
diapause after their emergence from V.  faba seeds  sown. 

 

 
Fig. 1: Germination percentages of V. faba seeds harvested in 2012 and infested by B. rufimanus after early 

watering (SWE) and late watering (SWL). 
 

 
 
Fig. 2: Germination percentages of V. faba seeds harvested in 2013 and infested by B. rufimanus after early 

watering (SWE) and late watering (SWL). 
 
Emergence of adults from the seeds sown: 

The removal of weevils emerged from the seeds collected in 2013, was made since the first day of sowing, 
by removing the mesh which constitutes a barrier preventing the escape of B. rufimanus adults outward. 
Collected weevils were sexed and placed in breeding boxes with corrugated cardboard used as diapausing place. 
The results obtained are shown in table 2. 
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Table 2: Number of emerged weevils from the seeds harvested in 2013 and sown in pots with early watering (SWE) and late watering 
(SWL). 

 Seeds with 1 hole Seeds with 2 holes Seeds with 3 holes 
Watering SWE SWL SWE SWL SWE SWL 
Sexes M F M F M F M F M F M F 
22/10 
23/10 
24/10 
25/10 
26/10 
27/10 
28/10 
29/10 

20 
8 
1 
0 
0 
0 
0 
0 

17 
4 
2 
1 
1 
0 
0 
0 

7 
8 
2 
1 
0 
0 
0 
0 

6 
10 
3 
1 
1 
0 
0 
0 

17 
18 
2 
1 
1 
0 
0 
0 

14 
20 
5 
2 
1 
0 
1 
0 

9 
23 
6 
0 
1 
0 
0 
0 

6 
19 
5 
1 
1 
1 
0 
0 

27 
13 
9 
4 
2 
1 
0 
0 

20 
21 
8 
3 
4 
1 
0 
0 

27 
19 
10 
3 
3 
1 
0 
0 

15 
21 
13 
9 
1 
0 
0 
0 

 29 25 18 21 39 43 39 33 56 57 63 59 
Total                  93                 154                   235 

 
The results showed that the emergence of weevils was important during the first three days; these 

emergences decreased gradually and continued to decrease until the 7th day of sowing. A percentage of about 
93% of weevils present in seeds with one hole arrived to leave the seeds and passed through the peat layer to 
reach the surface of the pots seedlings. For seeds with 2 holes and 3 holes, only 77% and 78.33% of weevils 
respectively, have left the bean seeds. Male weevils represented 50.6% of the total harvested adults. It was 
observed that watering peat causes adult emergence. Moistening the soil causes the softening of the seed skin 
sown, facilitating thus the emergence of B. rufimanus adults.  
 
Weevils Mortality within the sown seeds: 

The majority of the adults contained within the sown seeds emerged from the ground and returned to the 
surface of the seedling pots while the others suffocated or went down at bottom and remained in the peat. The 
results of counting of weevils found within the seeds are mentioned in table 3.  

According to the results presented in this table, the number of weevils that were not outputs of seeds and 
found dead was about 7 weevils within seeds with one hole, 46 bruchids for seeds with 2 holes and 64 weevils 
for seeds with 3 holes. A non emerging female was found alive in a seed with three holes. Adult mortality of B. 
rufimanus occurred in some cases prior to seeding due probably to seed malformation or to a suffocation of the 
weevils by the irrigation water after they had difficulties to get out of the sown seeds. Mortality rates were of 
7% for weevils output from seeds with one hole, 23% for seeds with 2 holes and 21.3% for seeds with 3 holes. 

In addition, we collected a total of 196 weevils for the seeds with 2 holes and 293 weevils for the seeds with 
three holes. Other weevils (4 females for the seeds with 2 holes, 7 bruchids including 4 males and 3 females for 
the seeds with three holes) went down to the bottom and got stuck on the walls of the pots which allows to 
advance that, in nature, there are probably B. rufimanus adults which can spend a part of their diapausing in the 
soil. 

 
Table 3: Number of dead weevils of B. rufimanus males (M) and females (F) found within V. faba seeds in early watering (SWE) and late 

watering (SWL) conditions. 
 Seeds with one hole Seeds with two holes Seeds with three holes 
Watering SWE SWL SWE SWL SWE SWL 
 M F M F M F M F M F M F 
Number of died weevils 2 3 2 0 10 17 10 9 11 18 14 21 
Total 5 2 27 19 29 35 

       
 

B.rufimanus longevity of adults emerged from seeds within diapausing places: 
In order to study the longevity of B. rufimanus adults or their life duration, their death in places of diapause 

were followed up. 
Weevils that emerged from seeds harvested in 2013 were placed in Petri dishes containing corrugated 

cardboard used as overwintering place. We proceeded to count live and dead adults with the change of 
corrugated cardboard at each observation. During the period of hibernation, adults are inactive (do not feed, do 
not reproduce) inside or outside shelters (corrugated cardboard). Since the opening of the boxes for the 
enumeration, adults recover quickly their moving activity and escape attempt. Results obtained for Adult 
mortality of B.rufimanus in diapausing places are recorded in table 4. 
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Table 4: Number of B. rufimanus adults died in diapausing places according to seed infestation intensity. 
 
 

Adult number 
Seeds with one hole Seeds with two holes Seeds with three holes 

Dates Living  Dead  Living  Dead Living  Dead  
02/11/2013 
09/11/2013 
16/11/2013 
23/11/2013 
30/11/2013 
07/12/2013 
14/12/2013 
21/12/2013 
28/12/2013 
04/01/2014 
11/01/2014 
18/01/2014 
25/01/2014 
01/02/2014 
08/02/2014 

93 
90 
85 
77 
67 
57 
41 
36 
23 
18 
14 
2 
1 
0 
0 

0 
3 
5 
8 
10 
10 
16 
5 
13 
5 
4 
12 
1 
1 
0 

154 
152 
145 
133 
110 
98 
76 
55 
38 
22 
11 
4 
1 
0 
0 

0 
2 
7 
12 
23 
12 
22 
21 
17 
16 
11 
7 
3 
1 
0 

235 
226 
213 
193 
159 
129 
100 
76 
50 
30 
11 
5 
2 
2 
0 

0 
9 
13 
20 
34 
30                                                                                                                           
29 
24 
26 
20 
19 
6 
3 
0 
2 

 
Results showed that no mortality was observed during the first week of observation. After the second week, 

mortality increased with time until the sixth week for weevils taken from the seeds with a single hole. 
Concerning weevils collected from seeds with 2 and 3 holes, the number of dead adults increased up to the 10th 
week of observation. 

Mortality of the last two weevils collected from seeds with three holes occurred in the 15th week of 
observation. The highest mortality rates were observed during December where 47% of adults died in the 
wintering places; this is probably due to low temperatures recorded during this month (10.6°C). 

 
Discussion: 

Our study reflects what happens in nature in broad bean fields. The effect of watering repeals that of rain 
upon germination of V. faba seeds. 

Our results showed that, whatever the year or number of seed holes, germination rates of the seeds watered 
early and those watered late were not significantly different. Contrary, the time interval between the seeding and 
the start of germination is longer if watering is late. Mohamed Zabawi and Dennett [18] assessed only the effect 
of different levels of plant available water upon V. faba development and stated that germination and flowering 
were significantly delayed under low plant available water compared to the control. In our case, watering was 
combined to damage degree of broad bean seeds; the results showed that water plays an important role in adult 
emergence from the sown seeds. The action of watering, such as rain, facilitate bruchid emergence as it was 
reported by Franssen [11] who noted that B. rufimanus adult do not leave too dry seeds and remain inside as the 
body wall is not softened by the soil moisture and can overwinter in seeds, helping to spread adult weevils 
which can be carried out with the seed.  

Development of B. rufimanus larvae reduces the germination capacity of V. faba seeds and the germination 
rate decreases gradually as the number of larvae developed within the seed increases. This was previously found 
by Balachowsky [3] and Boughdad [4]. Boughdad and Lauge [5] showed that B. rufimanus affects V. faba seed 
germination in Morocco; thus, mean percentage of the sown seeds is function of infestation intensity. The 
authors noted that germination of bean seeds is reduced to 90.5% with one larva, 80.5% with two larvae; it then 
decreased with increase in larvae number developed within the seed and was only of 55% with 5 larvae per 
seed. One larva of B. rufimanus reduces V. faba average germination about 8%. For its part, Balachowsky [3] 
estimated that damages are more serious; since germination percentage is just of 60% when there is a single 
larval gallery and about 40% when there are two holes. Boughdad and Lauge [5] observed actual weight losses 
varying across regions in Morroco, the average was around 5% of the dry weight of the infested seed and were 
positively correlated to the infestation intensity with an average loss estimated at 46,91 ± 8,15mg per larvae. 
Studying damage of B. rufimanus on broad bean varieties and bean field in Tunisia; Titouhi et al. [24] recorded 
significant harmful effects on seed germination, seed weight and infestation. Reductions of the percentage of 
germination were 32.6 and 26.76% accompanied by weight losses of 7.33 and 9.37% for Chahbi and Bachaar 
varieties respectively. 

A response of five pea varieties (Pisum sativum L.) to damage degree of Bruchus pisorum L., a univoltine 
bruchid similar to B. rufimanus, was studied by Nikolova [19] who found that plants from damaged seeds with 
bruchid emergence holes had poor germination and vigor and low productivity in comparison to healthy seeds. 
Similar aspects were studied in non-food legume species; Andersen et al. [2] quantified the scope of the bruchid 
infestation in Acacia tortilis (Forsk.) seeds across the Eastern Sahara in Egypt and showed that almost 40% of 
intact seeds germinated while less than 2% of infested seeds germinated; they stated that the number of the exit 
holes has a significant effect on the germination success. Indeed, as I was stated by Fox et al. [9], the fate of a 
damaged seed often depends on its size relative to that of its parasite, as well as the number of larvae per seed. 
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Al Jabr Ahmed [1] indicated that A. tortilis seed infested by bruchid beetle (Burchidius arabicus Decelle) with 
one or two holes did not germinate showing a substantial consumption of endosperm and embryonic portions by 
the beetle thus curtailing seed germination. However, the effect of seed beetle on the germination of host legume 
can be unpredictable [23]. Indeed, Fox et al. [9] studied the effect of seed beetles (Stator limbatus (Horn) and S. 
beali Johnson) (Coleoptera: Chrysomelidae) on the performance of two desert legumes; they demonstrated that a 
feeding damage from a single larva greatly increased germination of paloverde (Parkinsonia florida 
(Benth. ex A.Gray) S.Wats.) seeds but not catclaw acacia (Acacia greggii  A. Gray) while this benefit was 
reduced if seeds were attacked by multiple larvae. This study demonstrated that beetle damage may be an 
important scarification mechanism in nature and that the effect of beetle damage on host germination must be 
considered in the context of other potential scarifying agents.  

The influence of the bean weevil is felt significantly when there are two larvae per seed. What appears to be 
due to the decomposition of the seeds due to microorganisms, as has been observed by Sinha [22] in the case of 
wheat seeds infested by grain-eating Coleopteran weevils or to larval feeding which may create openings for 
pathogenic bacteria and fungi [7]. This reduction in seed germination capacity can also be due to a decrease in 
the amount of reserves present in the cotyledons and/or their quality. The accumulation of wastes emitted by the 
larvae including urates may spoil the quality of ingested food. Saliva of weevil larvae can cause hydrolysis of 
carbohydrate reserves, which can also alter the available reserves for germination. As it happens at times, larvae 
can evolve near the seedling (embryo) causing damage to it limiting germination chances. Our results showed 
that there were broad bean weevils that remained within the seeds and which could not probably get out because 
of the exit hole which was badly prepared by the larvae as found by Chakir [6]. For this author, the seed coat 
does not constitute a barrier preventing the emergence of adults, but some adults may accidentally remain 
trapped inside the seeds. Their gallery leading to some hard parts of the seed such as funicle, they are unable to 
open normally the exit hole poorly prepared by the larva.  

Monitoring longevity of this weevil confirms that the adults accompanying the seeds until seedlings can be 
a source of notorious infestation for future bean crops. We find that adult longevity of B. rufimanus ranges from 
9 to 105 days. For Chakir [6], B. rufimanus longevity is of 72 days. These results show that B. rufimanus adults 
may stay in diapausing places which may be tree bark, lichens [12], or in the ground as we found during our 
experimentation, waiting the flowering and fruiting of the host plant V. faba. According to Tran [26], 
reproductive diapause of the weevils is observed when conditions are unfavorable or the food and the substrate 
are not available.  Mortality rates recorded were not very important while infestation intensity was high; this 
allows us to have a vision of population density in a seed lot. Several larvae can develop within a single seed 
and a seed may contain from 5 to 6 adults [3]. According to Franssen [11] and Boughdad [4], there were seeds 
that could host until 7 individuals, allowing the user to take measures against this pest and correct seeding rate 
depending on the severity of the attack.  

It can be concluded that infestation of broad bean seeds by B. rufimanus is deleterious to seed germination 
and water plays an important role in adult emergence from the sown seeds. Ultimately, these infestations 
determine seed germination losses and the possibility of infestation of future crops by adults accompanying 
seeds until seedlings. These findings allow us to easily support the use of older seeds for sowing, despite a 
decrease in germination rate this will decrease pest populations and thus reduce the infestation of future crops. 
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