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ABSTRACT : Three months laboratory experiment to investigate the effect of four salts (common salt, sea salt, sand salt 

and rock salt) on the development of cowpea weevil (Callosubruchus maculatus: Coleoptera: Chrysomilidae) in stored bean 

grain was conducted at the biology laboratory, Department of Sciences, Kebbi State Polytechnics, Dakingari. Nine 

concentrations (100g, 150g, 200g, 250g, 300g/, 20g/2ml, 25g/2ml, 30g/2ml and 35g/2ml) of these salts were measured in one 

kilogram (1kg) of cowpea seeds. Effect of the salts was determined based on live adult weevil emergence of C. maculatus, 

dead weevils, oviposition, percentage weight loss and percentage germination. The results indicated that common salt 

persistently shows lowest mean number of emerging adult, number of dead adult C. maculatus and percentage weight loss 

of treated seeds at higher concentrations of 300g and 35g/2ml respectively when compared with control. Result on the 

oviposition show that, the mean number of cowpea weevil eggs lay on cowpea seed treated with different concentrations of 

salts was significantly low as compared with control. The results also indicated that salts do not affect the viability of the 

seeds after being treated as they were not significantly different from the control. Generally, all the  salts type at certain 

concentrations, shows potential against certain developmental stages of C. maculatus. 
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I  INTRODUCTION 

Cowpea grain is an important edible legume crop in many part of the world especially in tropical and sub-tropical region (Bamphithi, 

et al, 2015). The grain is used extensively as food due to its higher protein content. It serves as a major source of plant proteins and 

vitamins for man, feed for animals, and a source of cash income. The grain is considered as nutritious and in expensive and serves 

as sources of cheap protein for both rural and urban consumers. 

However, despites its enormous importance, a huge quantity of the grain is being loss at storage, due largely to cowpea weevil, 

Callosobrucus maculatus. The insect is considered as a primary pest causing losses in stored cowpeas in West Africa with infestation 

beginning in the field at low level ( Oyewole et al, 2021).  It is a field -to –store pest that begins its attack shortly before harvest 

and continues in storage where it develops (Omoigui et al, 2020). The adult lays their eggs on the seeds, and the larvae bore into 

grains, feeding on the cotyledons thereby causing remarkable losses (Omoigu L.O., et al, 2020). Generally, Cowpea grains not 

properly stored are often completely damaged by weevil /bruchids in the first 10-12 months of storage (Umeozor, 2005). 

Additionally, Cowpea Grains with severe infestation can results to total grain loss in storage (Dugjeu , et al 2009). Damage resulting 

from the weevil attack affect the quality of the seed for human consumption, marketing and reduces the viability of the seed for 

germination. The weevil is a holometabolous insect with egg and adult stage found on the grain and larval and pupal stages living 

inside the grain. The larvae are the main feeding stage of the insect which feed voraciously on the endosperm making it unpalatable 

to human consumption and reducing the seed viability (Bhubaneshwari 2014).There are methods use in the control of cowpea weevil 

Callosobruchus maculates F. both in the field and in storage. Use of synthetic chemicals, traditional methods such as use of ash, 

pepper, sand and other plants extract are the most commonly used techniques among the rural poor farmer. The use of synthetic 

chemicals require much technical –know- how and has great effect on human and non target organisms with added problem of 

insect’s resistance and cost of purchase. Use of polythene today has been the most effective, but the cost of purchasing the item for 

small scale storage is uneconomical. This, therefore call for cheap and safe control methods. However, with some studies  conducted 

indicating the potentials of salts as having effect on  the development of  some insects  as  reported by Zekarias et al, (2017), 

indications are that salt may have deterrent effect on the development of  insects. Therefore, this study intends to find out the effect 

of salt on the development of cowpea weevils (Callosobruchus maculatus F.) in stored grains. This is intended to be achieved 

through the use of four different types of salt namely common salt, sea salt, sand salt and rock salt at different concentrations.  

II CONTROL Of COWPEA WEEVIL (Callosobruchus maculatus) 

  Several insecticides of different classes have been in used for the control of C. maculatus.   Environmental risk and development 

of resistant traits leave the synthetic insecticides inconvenient for managing stored grain pests like Callosobruchus maculatus 

(Zimba, 2006). Different botanical extracts exhibited the insecticidal activity on Callosobruchus maculatus. Rahman and Talukder 

(2006) reported that the powdered leaves extract of nishinda (Vitex negundo L.), eucalyptus (Eucalyptus globules Labill.), and 

bankalmi (Ipomoea sepiaria K.) were blended with black gram seeds at a rate of 3% mixture (w/w) had reduced insect oviposition, 
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adult emergence and infestation rate. They also found the bablah (Acacia arabica L.) ash is more effective than the powdered leaves 

of nishinda, eucalyptus, and bankalmi. Treated seeds with plant oils of mustard, safflower, castor, coconut, cotton, groundnut, and 

soybean provided surface protection from Callosobruchus maculatus infestation by reducing the seed damage rate and the number 

of emerged adults     ( Ahmed et al. 1999). Ilboudo et al. (2010) reported higher mortality of adult C. maculatus with the essential 

oils extracted from Ocimum americanum, Hyptis suaveolens, Hyptis spicigera and Lippia multiflora. The seed storage jute bags for 

cowpea seeds treated with plant leaf extracts of A. indica, V. negundo, C. collinus, and J. curcas reduced egg-laying rate, adult 

emergence and seed infestation by C. maculatus (Raja et al. 2000). Several research findings suggested that botanical extract oil 

treatment did not reduce the seed quality and germination rate (Keita et al. 2001).  

More than 60% of the newly emerged adult mortality has been recorded by exposing them to essential oils from sweet basil, Ocimum 

basilicum, and African basil, O. gratissimum, (Labiatae) in Guinea (Kéita 2001). The essential oil extracted from Mentha 

iperita and Salvia officianalis result in 100% mortality (Fabricius 2010). Cashew kernel extracted from the water was also toxic 

to Callosobruchus maculatus (Adedire et al. 2011). Seeds treated with clove and black pepper showed effectiveness against cowpea 

weevil (Mahdi and Rahman 2008). Seeds treated with neem (Azadirachta indica) extract prove effective in repelling cowpea weevil 

(Elhag 2000). Oyewole et al.,(2021) evaluate the effect of neem leaf, moringa leaf, tobacco snuff, castor leaf and dry pepper powder 

on cowpea weevil and observed significant result. In addition Zekarias et al., 2017 study the effect of some botanicals and table salt 

against Zabrotes subfasciatus and indicated that the plant materials and able salt can be used in the control of Z. subfasciatus.  

Today the used of salt against in the control of insects pest of stored products can be from the work of many authors. For example 

salt has been efficiently used in the control Dermestes maculatus a stored pest of fish, meat and hides & skin products. Onyuka and 

Ofulla, 2013,  while working on the effect of salting on house fly ( Musca domestica) and beetles ( Necrobia rufipes and Dermestes 

maculatus) infestation of fish from Lake Victoria, Kenya established that at 30% salt concentration total mortality of Necrobia 

specie while an almost total mortality was observed in Dermestes. Fasunwon et al, 2011,while working on effect of Dermestes 

maculatus on the nutritional qualities of two edible insects (oryctes boas and rhynchophorus phoenicis) recorded 60 and 80% 

mortality rate of D. maculatus fed on the larvae of oryctes boas and rhynchophorus phoenicis treated with salt respectively, as 

against the control which had no salt or any preservative. Tasiu et al, (2022) study the effect of four salts on the development D. 

maculatus infesting fish and meat products. Mahmoud et al, (2020), Mohammed et al, (2021) also study the development of D. 

maculatus on cowpea seeds treated with different type of salts. However, there are many different kinds of salts, some being better 

than others for the storage of cowpea seeds, fish curing, or hide and skin preservation (FA0, 2005).  

Materials and methods 

1. Salts and Salts Preparation: 

The four type of salts used in this experiments were, sodium chloride or common salt (NaCl), Sea salt or halite, Rock salt or halite 

and Sand salt. Each type of salt was further grounded in to fine powder by using Mortar and pestle. Nine concentrations of each 

salts material (Nine concentrations (100g, 150g, 200g, 250g, 300g/, 20g/2ml, 25g/2ml, 30g/2ml and 35g/2ml)), were used. 

2. Experimental set up: 

To determine the effect of the experimental salts against C. Maculatus, 1kg of cowpea seeds were placed in 3 litres plastic container 

treated with an appropriate concentration of the experimental salt materials. The containers were shake vigorously to ensure even 

coating of seeds with salts. Other salt concentrations were dissolved in 2ml of distilled water and were thoroughly mixed with 

appropriate measured of cowpea seeds and allowed to dry. Each container was covered with muslin cloth. 1kg of untreated cowpea 

seeds with salts was setup to serve as control.  The setup was made in three replicates for each treatment. Experiments were carried 

out under laboratory conditions. The experiment stand for three months 

3. Effect on the oviposition 

After every week two replicates of random samples each containing 100 seeds of cowpea were removed from each container and 

the number of eggs oviposited on them were counted and returned into the container until. This process was repeated weekly until 

the end of the experiment. 

 4. Effect on the live adult and adult survival 

To determine the effect of the experimental salts on adult emergence and survival, number of live/emerged and dead beetles from 

each treatment and control were collected and recorded throughout the experiment. 

5. Weight loss: 

After 12 weeks of treatment, the weight loss of the seeds was evaluated by weighing the entire cowpea seeds in each container and 

the percentage difference from the initial weight of 1kg was calculated. 

6. Effect on the germination of cowpea seeds 

To determine the effect of the experimental salts on the viability of the cowpea seeds 20 seeds from each treatment and control was 

selected and sown in separate polythene bags at rate of five seeds per polythene bag. The experiment was conducted in three 

replicate. 

 

7. Data analysis 

The data obtained were computed into mean and later run on SPSS VERSION 26 for analysis of variance (ANOVA). The weight 

loss and percentage germination was determined using simple percentages. 

RESULTS 

1. Effect of salt on egg laying by C. maculatus 
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Data Table (1) represent the mean number of cowpea beetle eggs laid on cowpea seed treated with nine concentrations of four 

salts, compared with control after three months storage. Statistical analysis showed significant variation between treatments at 

all concentrations tested. The result shows that sea salt is the most effective salt in reducing the number of eggs laid by C. 

maculatus at the concentration of 35g/2ml with 158 mean number of eggs/100 seeds and the highest number of eggs were found 

in the sample treated with rock salt at 100g and 150g salt concentration with 703 and 702 mean number of eggs/100 respectively 

and which is much greater than the control. Sand salt and common salt ranked the second most effective salt in reducing the 

number of egg laid. This result also shows a significance different on the number of eggs laid by C. maculatus between all the 

treatment (p = .05) and between variant concentration. Generally, the findings of this result indicated that salt has little impact in 

halting the oviposition of C. maculatus. The finding of this research also indicated that treatment with solution of salt is more 

effective than treatments with solid form. The table also revealed that the number of eggs laid reduced by increasing the 

concentration of different type of salts. 

Table 1: Oviposition of C. maculatus on cowpea seeds treated with different concentrations of four salts 

concentration in 

gram 

number of eggs/100 seeds 

Type of salts 

common salt sea salt sand salt rock salt 

100g 402.00± 1.00h 354.00± 1.00i 411.00± 1.00i 703.00± 1.00i 

150g 393.50± 1.00g 289.00± 1.00g 391.00± 1.00f 702.00± 1.00i 

200g 401.00± 1.00h 242.50± 1.00d 399.00± 1.00h 689.00± 1.00h 

250g 380.00± 1.00f 229.00± 1.00c 397.00 ± 1.00g 656.00± 1.00g 

300g 284.00± 1.00e 251.00± 1.00e 379.00± 1.00e 621.00± 1.00f 

20/2ml 273.50± 1.00d 301.00± 1.00h 326.00± 1.00b 542.00± 1.00e 

25g/2ml 251.00± 1.00c 282.00± 1.00f 332.00± 1.00c 466.00± 1.00c 

30/2ml 228.00± 1.00b 199.00 ± 1.00b 337.00± 1.00d 377.00± 1.00b 

35/2ml 225.00± 1.00a 158.00± 1.00a 292.00± 1.00a 311.00± 1.00a 

Control 522.00± 1.00i 522.00± 1.00j 522.00± 1.00j 522.00± 1.00d 

Mean ± S.D (Standard Deviation). Mean with different superscript down the column is significantly different (P ≤ 0.05) 

 

2. Effect of salt on number of live adults,  C. maculatus 

 Data Table (2) shows the mean number of cowpea adults emerged from cowpea seeds treated with four salts compared with untreated 

seeds. The mean number of cowpea adult of C. maculates that emerged in the control was 405.00 adult. Statistical analysis showed 

significant variation in the number of adult emergence between treatments, and between concentrations. The lowest number of adult 

emerged was found on common salt at 300g and 35g/2ml salt concentration with 94 and 88 mean number of emerged adult 

respectively. The lowest effective salt in reducing the number of adult emergence was rock salt at 100g and 25g/2ml concentrations 

with 474 and 305 mean number of adult emerged and decreased gradually as concentration increased. However, all salt show some 

potentials in reducing the number of C. maculatus emergence at different concentrations. The number of adult also decreased by 

increasing concentration in all the type salt.  

 

Table 2:Adult emergence of C. maculatus from cowpea seeds treated with different concentrationsof four salts 

Concentration in gram 

Number of live C. maculates 

Type of salts 

Common salt Sea salt Sand salt Rock salt 

100g 224.00± 1.00h 326.00± 1.00h 271.00± 1.00h 474.00± 1.00j 

150g 217.00 ± 1.00g 322.00± 1.00g 276.00 ± 1.00i 294.00± 1.00g 

200g 216.00± 1.00g 330.00± 1.00i 213.00± 1.00d 250.00± 1.00d 

250g 164.00± 1.00d 303.00± 1.00e 225.00± 1.00e 271.00± 1.00e 

300g 94.00± 1.00b 287.00 ± 1.00c 176.00± 1.00a 197.00± 1.00b 

20/2ml 206.00± 1.00f 297.00± 1.00d 266.00± 1.00g 286.00± 1.00f 

25g/2ml 171.00± 1.00e 315.00± 1.00f 243.00± 1.00f 305.00± 1.00h 

30/2ml 146.00± 1.00c 199.00± 1.00b 210.00± 1.00c 228.00± 1.00c 

35/2ml 88.00± 1.00a 182.00± 1.00a 184.00± 1.00b 163.00± 1.00a 

Control 405.00± 1.00i 405.00± 1.00j 405.00± 1.00j 405.00± 1.00i 

Mean ± S.D (Standard Deviation). Mean with different superscript down the column is significantly different (P ≤ 

0.05) 

3. Effect of salts on the number of dead adult C. maculatus 

Table (3) show the mean number of dead cowpea weevil treated with nine concentrations of four salts. The highest number of dead weevils was 

observed in cowpea seeds treated with common salt at 30g/2ml and 35g/2ml concentration with 540 and 541 mean number of dead weevils 

respectively. The least effective salt in reducing the number of live weevil was rock salt with lowest mean number of dead weevils 155.00 at 

20g/2ml when compared with other type of salt and salt concentrations, but was considerably higher than the control with 96 mean numbers of 

dead weevils. Unlike the treatment with common salt, sea salt and sand salt, rock salt did not show a normal pattern of increasing number of 

dead weevils as the concentration increases. The result shows a significance difference between all the treatment and the control (P ≤ 0.05). 

This indicated that all the four salt has some potential in reducing the number of weevils in stored cowpea grains.   
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Table 3. Dead Adult of C. maculatus from cowpea seeds treated with different concentrations of four salts. 

 

Concentration in gram 

Number of dead C. maculatus 

Type of salts 

Common salt Sea salt Sand salt Rock salt 

100g 268.00± 1.00c 195.00± 1.00c 271.00± 1.00g 222.00± 1.00h 

150g 284.00 ± 1.00d 219.00 ± 1.00d 204.00± 1.00c 216.00± 1.00g 

200g 299.00± 1.00f 234.00± 1.00f 222.00± 1.00d 257.00± 1.00j 

250g 320.00 ± 1.00g 242.00± 1.00g 137.00± 1.00b 200.00± 1.00f 

300g 360.00 ± 1.00h 246.00± 1.00h 286.00± 1.00h 233.00± 1.00i 

20/2ml 266.00± 1.00b 192.00± 1.00b 223.00± 1.00d 155.00± 1.00b 

25g/2ml 286.00± 1.00e 222.00± 1.00e 249.00± 1.00e 178.00± 1.00d 

30/2ml 540.00± 1.00i 254.00± 1.00i 257.00± 1.00f 159.00± 1.00c 

35/2ml 541.00± 1.00j 254.00± 1.00i 290.00± 1.00i 185.00± 1.00e 

Control 96.00± 1.00a 96.00± 1.00a 96.00± 1.00a 96.00± 1.00a 

Mean ± S.D (Standard Deviation). Mean with different superscript down the column is significantly different (P ≤ 0.05) 

 

4. Effects of salts on weight loss of cowpea seeds: 

Data Table (4) shows the percentage loss in cowpea seed weight when treated with nine concentrations of four salts compared with 

control.  Results showed that, the mean of loss in seed weight in control was -21.48% /1kg of cowpea seeds. The highest loss in 

seed weight was observed in the sample treated with rock salt at all the nine concentrations. The loss in seeds weight was -12.52% 

at 100g concentration of rock salt which decreases by increasing concentration. Sea salt and sand salt also significantly affect the 

weight of seeds at all the concentrations. Decreased in cowpea seeds weight treated with common salt were recorded at the 

concentration of 100g, 150g and 200g with a percentage weight of -5.72%, -4.0% and -4.0% respectively. Other concentrations of 

common salt 300g, 20g/2ml, 25g/2ml, 30g/2ml and 35g/2ml show increased in percentage weight of seeds at 0.20%, 1.02%, 1.25%, 

1.32% and 1.36% respectively.  

Table 4. Loss in seed weight of cowpea seeds treated with different concentrations of four salts 

 

Concentration in 

gram 

% Weight loss 

Type of salts 

Common salt Sea salt Sand salt Rock salt 

100g -5.72± 1.00b -3.63± 1.00c -8.22± 1.00a -12.52± 1.00b 

150g -4.00± 1.00b -8.54± 1.00b -8.00± 1.00a -12.46± 1.00ab 

200g -4.00± 1.00b -7.73± 1.00b -8.02± 1.00a -12.41± 1.00ab 

250g -3.98± 1.00d -3.26± 1.00cd -7.91 ± 1.00c -11.61± 1.00ab 

300g 0.20± 1.00c -2.73± 1.00cd -7.84± 1.00b -10.53± 1.00b 

20/2ml 1.02± 1.00c -2.52± 1.00cd -8.52± 1.00a -12.00± 1.00ab 

25g/2ml 1.25± 1.00c -1.40± 1.00d -8.24± 1.00a -12.02± 1.00ab 

30/2ml 1.32± 1.00c -1.40± 1.00e -8.00± 1.00a -10.91± 1.00ab 

35/2ml 1.36± 1.00c 1.13± 1.00f -7.93± 1.00c -10.53± 1.00b 

Control -21.48± 1.00a -21.48± 1.00a -21.48± 1.00a -21.48± 1.00a 

Mean ± S.D (Standard Deviation). Mean with different superscript down the column is significantly different 

(P ≤ 0.05) 

5. Effect of salts on viability/ germination of cowpea seeds 

Data table 5 shows the percentage germination of cowpea seeds treated with four types of salt. The result indicated that salts had 

no significant effect on the rate of germination of cowpea seeds as shown in table 5. The highest percentage germination was found 

in seeds treated with Sea salt with 95% germination rate. While the percentage germination of seeds recorded on common salt was 

90% and the lowest percentage germination was recorded on seeds treated with sand salt with 70% which is the only salt with lower 

percentage germination than the control (75%). The result shows treatment of cowpea seeds with salt can not affect seed viability. 

% Germination /20 seeds Type of salt 

90 Common salt 

95 Sea salt 

80 Rock salt 

70 Sand salt 

75 Control 
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DISCUSSION 

The results of this experiment indicated that treatments differed in all the parameters investigated (number of eggs laid, number of 

live adults, number of dead adults, percentage loss in seeds weight and percentage seeds germination). This finding was similar 

with what was reported by Tiroesele, et al, (2015). It was also observed from this study that all the four type of salt used have some 

varying degrees of potential in the control of Callosobruchus maculatus in the storage of cowpea grains. 

The results on the effect of salts on the number of eggs lied by C. maculatus was significantly different (P ≤ 0.05) between all the 

treatments and control. Highest number of eggs was collected on rock salt in all most all the concentrations and the lowest number 

of eggs was observed on seeds treated with sea salt. This indicated that salt has little effect on the ovipotion of C. maculatus, but 

number of eggs lied decreases with increasing concentrations. Therefore, there may reach a concentration which may completely 

stop egg lying by C. maculatus. This finding was closely related with work of Mohammed et al, (2021) who observed egg lying by 

C. maculatus in the entire sample treated with Pyrrolidinium Bromide salt. Similar findings was also reported by Tasiu et al, (2022) 

who observed egg lying by Dermestes maculatus on fish treated with different concentrations of four salt. Egg lying was also 

observed on cowpea seeds treated with four salts by Mahmoud et al, (2020). 

The result on the effect of salt on the number of emerged live adults and dead adult C. maculatus indicated the effectiveness of 

common salt in reducing the number emerging live adults over other type salts which may be due its synthetic nature. This finding 

was in disagreement with report of Nozadbonab et al, (2020) who observed less effectiveness of common salt when investigating 

the insecticidal effect of common salt and some spices on Cowpea weevil (C. maculatus). The lowest number of live adults was 

observed in the sample treated with common salt and the highest number of dead adult C. maculatus was also observed on it. Other 

type of salts showed a varying degree of effectiveness in reducing the number of adult C. maculatus in cowpea grain store. The 

result also indicated variations in the number of adult emergence and number of dead adult between the four salts and between 

concentrations similar with report of Mahmoud et al, (2020). The number live adults decreased as the concentration increases and 

similar pattern was also observed in the number of dead adult which tends to decreased with increasing concentration. This is in 

accord with work of Mohammed et al (2021) and Mahmoud et al, (2020). However, concentration of salt in solution is more 

effective than concentration in solid form in all the treatments. For example only 88 live adults were found on treatment with 

35g/2ml of common salt while 94 live adult were found on treated with 300g common salt and this applies to all other salt treatments. 

This may be due to proper coating of salts on the cowpea seeds. 

The result on the percentage weight loss of the treated cowpea seeds was significantly different with control (P ≤ 0.05). This showed 

that treatment of cowpea seeds with salt significantly affect the weight of stored a cowpea seed which was similar with finding of 

Mahmoud et al, (2020). The mean number of loss in seeds weight in untreated seeds was 21.48g/1kg of seeds. However, the highest 

loss in seeds weight was recorded in seeds treated with rock salt in almost all the concentrations at 100g concentration, 150g, 200g, 

20g/2ml and 25g/2ml to attained 12.52g, 12.46, 12.41, 12.00 and 12.02/1kg respectively. The loss in weight here would be due to 

the activities of the beetle and sister species of the order hymenoptera Antrocephalus aethiopicus (chalcidae) that also develop on 

the stored cowpea as a parasitoid of C. maculatus. The weights of cowpea seeds treated with common salt were above the initial 

1kg at the concentrations of 300g, 20g/2ml, 25g/2ml, 30g/2ml, and 35g/2ml, which may be due to hygroscopic nature of the salt  

and or the weight of cowpea beetle eggs and larvae on the seeds. This finding corroborate of that of Mohammed et al, (2021) who 

observed increased in the weight of cowpea seeds treated with salt.  

The result on the effect of experimental salts on the seed germination showed that salt had no significant impact on the rate of 

germination of cowpea seeds where it was found that the maximum rate of germination on most treatments were above the control 

with 75% germination. The highest rate of germination was recorded on seeds treated with sea salt at 95% germination. The 

percentage germination recorded on other treatments was 90%, 80% and 70% for common salt, sand salt and rock salt respectively. 

This is consistent with work Mohammed et al, (2021) who did not notice a significant impact on the rate of germination of cowpea 

seeds when treated with Pyrrolidinium Bromide salt. This is also in accords with report of Ogori et al, (2016) who study the Effects 

of inclusion of local pepper powder or salt to cowpea seeds during storage. The reason behind the vigorousity of the germinated 

seedlings than the control was not investigated. But this findings was   also in disagreement with work of both Ravelombola (2017) 

and Waltram et al, (2022) who find a significant effect of salt in decreasing the rate of germination while working on the evaluation 

of Salt tolerance at germination stage in Cowpea [Vigna unguiculata (L.) Walp] and evaluation of salt tolerance at germination 

stage in cowpea [vigna unguiculata (l.) walp]. 
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