



Benefit cost ratio of improved storage practices in Dolichos bean (Lablab purpureus L. var typicus Prain) for control of bruchids 

ABSTRACT
The experiment was laid out in by Factorial CRD with two factors: four types of bags (Factor A) i.e jute bag, polythene bag, triple layered PICS bag and jute bag treated with chloropyriphos and three storage periods (Factor B) i.e 2 months, 4 months and 6 months. Each treatment contained healthy dolichos bean seed with 10% of seed with artificial infestation of bruchid Callosobruchus theobromae. The treatments used were T1: Jute bag + 2 months; T2: Jute bag + 4 months; T3: Jute bag + 6 months; T4: Polythene bag + 2 months; T5: Polythene bag + 4 months; T6: Polythene bag + 6 months; T7: Triple layer PICS bag + 2 months; T8: Triple layer PICS bag + 4 months; T9: Triple layer PICS bag + 6 months; T10: Jute bag treated with insecticide + 2 months; T11: Jute bag treated with insecticide +4 months and T12: Jute bag treated with insecticide + 6 months. The benefit cost ratio calculated for all the treatments showed that triple layer PICS bag (1.27) at 6 months storage period has highest benefit cost ratio followed by triple layer PICS bag (1.06) at 4 months storage period and triple layer PICS bag at 2 months storage. Even the initial bag cost in case of triple layer PICS bag is high the produce stored in triple layer PICS bag is superior in quality and which has least bruchid damage fetches premium price in the market. From the present investigation it is concluded that the chemical free triple layer PICS bag technology can be efficiently used for long term storage of produce and the bags can be used for multiple times over seasons.
1.INTRODUCTION

Dolichos bean (Lablab purpures L.) also called as Dolichos bean or hyacinth bean belongs (Fabaceae) is a native of India and mainly cultivated as an intercrop with cereals. In South India this crop is best grown for fresh green pods used as vegetable and dry seeds for preparations of various dishes. The nutritive quality of dolichos bean is better than that of French bean (Aykroyd, 1963). The ripe seed contains high protein (Schaaffhausen, 1963). The crop suffers losses in the field as well as in the storage. The bruchid or infested pulses are rendered unfit for consumption because of the presence of excreta and metabolic waste products like uric acid which leads to fungal infection of the grains (Gowda and Kaul, 1982). There are approximately 1300 described species of bruchids and about 84% of the known hosts of bruchids are in the family Leguminosae (Johnson, 1970) and 33 families have been reported as hosts (Kinslover, 1979). 
In India, 117 bruchid species belonging to 11 genera are been reported by Arora (1997). Bruchids assume greater importance as they damage the final produce quantitatively and qualitatively. If proper care was not taken, damage accounts up to 100%. Farmers use a variety of commercial and traditional methods to control bruchids, many of which have restricted value because of cost, labour and potential toxicity. Postharvest losses remain a significant challenge in agricultural sectors, particularly in developing countries, where limited infrastructure and resources hinder effective crop storage (Kaur & Watson, 2024).
Purdue Improved Crop Storage (PICS) bag is a simple and effective technology for reducing grain losses to insects during postharvest storage. PICS bags consists of two layers of high density polyethylene (HDPE, 80µ thick) inner bags and one polypropylene (PP) woven outer bag (Baributsa et al, 2012), they provide excellent protection of cowpea grain against bruchid seed beetles in West Africa (Murdock et al., 2012: Baoua et al., 2012, 2013).
However, hermetic storage technologies, particularly the Purdue Improved Crop Storage (PICS) bag, have demonstrated strong potential to address these challenges by providing a chemical-free, cost-effective, and scalable solution (Jia & McNamara, 2024). The use of PICS bags aligns with broader global goals for sustainable development, particularly the reduction of hunger and promotion of sustainable agricultural practices (Lemaire & Limbourg, 2019). Furthermore, the technology empowers smallholder farmers by providing a low cost and scalable storage solution that can enhance food security, market stability, and household incomes (Mvumi & Stathers, 2020). Between 2014 and 2020, the PICS3 project sold over 19 million bags and reached farmers in more than 40,000 villages across Sub-Saharan Africa. Countries such as Nigeria, Ghana, Ethiopia, Tanzania, Uganda, and Malawi have been key countries where PICS bags are in widespread use (Aker et al., 2023). PICS bags are constructed with three layers: an inner liner of high-density polyethylene (HDPE), an outer woven polypropylene (PP) bag, and an additional outer liner of polyethylene (Saha et al., 2022). This unique design creates an airtight, oxygen-free environment inside the bag, which prevents insect pests from thriving (Oyewole et al., 2025).

PICS bags can reduce pest infestations by up to 90% compared to traditional storage methods, including woven bags and metallic silos (Kuyu et al., 2022; Deressa et al., 2025). PICS bags offer a cost-effective, easy-to-use alternative that does not require special equipment or training. They provide a solution for farmers to store crops for extended periods without the need for chemical preservatives or refrigeration, which are often unavailable or too costly (Mandal et al., 2024). Furthermore, PICS bags can be used in diverse climates without the need for electricity or specialized tools, overcoming some of the limitations associated with metal silos (Sugri et al., 2023). However, these bags have several limitations, particularly regarding pest control and moisture management. The multi-layered construction of PICS bags also provides better insulation from external weather conditions, ensuring that the grains remain protected from environmental damage (Okparavero et al., 2024). In countries with limited storage options, losses can reach 30% to 50% of the harvested crop due to pests, mold, or environmental exposure. By reducing these losses, PICS bags allow farmers to retain more of their harvest, directly increasing their available income (Dubey et al., 2024). Despite the benefits of PICS bags, their adoption has been slow in some countries due to limited knowledge about their advantages. Many farmers continue to rely on traditional storage methods because they are unaware of the benefits offered by the PICS bag system. Furthermore, in rural areas, access to agricultural extension services and training programs is often limited, which impedes the dissemination of knowledge about modern storage technologies (Arowosegbe et al., 2024). Extension services play a vital role in educating farmers about the benefits of PICS bags and how to use them effectively. Awareness campaigns and farmer-to-farmer knowledge sharing are essential to improving the adoption rate of these bags (Ndaghu et al., 2023). Efforts to make the bags more affordable, such as subsidies or partnerships with NGOs, could help increase their adoption. Additionally, farmers need to be educated about the long-term savings and food security benefits of using PICS bags, which can offset the initial cost over time (Martey et al., 2023).
The effectiveness of hermetic technologies (PB and GPB) against insects were well documented by different authors (Guenha et al., 2014, Mutambuki et al., 2014). the reduced levels of the O2 and increasing the accumulation of CO2 levels hinders the growth of insects and affects their feeding process. (Mesele et al 2022). The triple layer PICS technology owes its effectiveness to the airtight storage. Triple layer PICS bags work as do other hermetic storage contains such as sealed steel drums (Seck et al. 1996) because insects respire aerobically and thus utilize the oxygen in the airtight container while also raising CO2 levels. Once the oxygen level in the container falls sufficiently low, insects cease feeding and become inactive (Margam, 2009). This results in the arrest of pest population growth. The reduced levels of the O2 and increasing the accumulation of CO2 levels hinders the growth of insects and affects their feeding process. (Mesele et al 2022).
2. MATERIAL AND METHODS
2.1. Location of work
The present investigation was carried out at College of Horticulture, Rajendranagar, Hyderabad, Telangana.
2.2. Dolichos Bean Seeds
Approximately 180 kg of dried dolichos bean seeds of leading commercial variety RND-1 with initial seed moisture of 10% were obtained from National Seed Corporation. The seeds with 10% moisture contents were used for the experimental purpose by storing them in different types of storage bags.
2.3. Dolichos Bean Bruchids (Callosobruchus theobromae)
Initial culture of dolichos bean bruchid, C. theobromae, were collected from naturally infested dried dolichos bean seeds stored in the godowns in the market. The bruchid population was then multiplied under laboratory conditions. 
2.4. Experimental Setup
Five kilograms of dried Dolichos bean seeds with moisture per cent of 10 were weighed separately and placed in each of four bags. Each of the four bags used for the experiment were replicated thrice at same moisture percentage of 10%. Hence, a total of 36 such storage bags were formed in the experiment, which were tested for bruchid development, for every 2 months of storage i.e, 2 months, 4 months and 6 months.
2.5. Methodology and equipments
Dolichos bean seeds with 10% moisture content just a day before the setting up of the experiment. After the experiment was set up, all the bags were closed and the data on various parameters pertaining to insect damage, seed characteristics and changes in biochemical composition of dolichos bean seeds stored in different bags was recorded at every two months interval, starting initial, two months interval, four months interval and six months interval.
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Fig. 1. Different types of storage bags closed before starting experiment a. Jute bag, b. Polythene bag, c.Triple layer PICS bag, d. Jute bag treated with insecticide 
2.6. Benefit Cost Ratio: The benefit cost ratio is calculated based on cost of all inputs before starting the experiment (Table 1) and profit gained by selling the final produce after the experiment i.e, at the end of the storage periods 2, 4 and 6 months duration (Table 2) by using the formula                                               
                                TR

             BCR =    ⸺⸺⸺⸺

                        TC                                   
Where, BCR = Benefit cost ratio

TR = Total revenue

TC = Total initial cost of production

Table:1.  Particulars and its cost used for calculation of B:C Ratio of the experiment.

	S. No.
	Particulars
	 Cost

	1
	Initial seed cost
	Rs. 70

	2
	Seed cost at 2 months
	Rs. 85

	3
	Seed cost at 4 months
	Rs. 100

	4
	Seed cost at 6 months
	Rs. 120

	5
	Cost of jute bag
	Rs. 30

	6
	Cost of polythene bag
	Rs. 20

	7
	Cost of PICS bag
	Rs. 100

	8
	Cost of insecticide 
	Rs. 105

	9
	Cost of insecticide foe 2 ml used
	Rs. 1

	10
	Cost of storage of produce per month
	Rs. 2

	11
	Cost of transport
	Rs.500

	12
	Cost of transport per 5 kg
	Rs.14


Table: 2. Benefit cost ratio of dolichos bean seed different storage bags stored at different storage periods.
	S.
No
	Treatments
	Initial cost of dolichos
bean seed (Rs./ kg)
	Bag cost (Rs./ bag)
	Chemic al cost (Rs.)
	Transport cost (Rs.)
	Total cost for 5 kg seed (Rs.)
	Cost of storag
e per month
	Total cost (Rs.)
	Total revenu e (Rs.)
	B:C
Ratio

	I.
Jute bag

	1
	T1 - Jute bag stored for 2 months
	70
	30
	-
	14
	350
	2
	396
	300
	0.75

	2
	T2 - Jute bag stored for 4 months
	70
	30
	-
	14
	350
	4
	398
	200
	0.50

	3
	T3 - Jute bag stored for 6 months
	70
	30
	-
	14
	350
	6
	400
	100
	0.25

	II.
Polythene bag

	1
	T4 - Polythene bag stored for 2 months
	70
	20
	-
	14
	350
	2
	386
	325
	0.84

	2
	T5 - Polythene bag stored for 4 months
	70
	20
	-
	14
	350
	4
	388
	250
	0.64

	3
	T6 -Polythene bag stored for 4 months
	70
	20
	-
	14
	350
	6
	390
	150
	0.38

	III.
Triple layer PICS bag

	1
	T7 -Triple layer PICS bag stored for 2 months
	70
	100
	-
	14
	350
	2
	466
	400
	0.85

	2
	T8 - Triple layer PICS bag stored for 4 months
	70
	100
	-
	14
	350
	4
	468
	500
	1.06

	3
	T9 - Triple layer PICS bag stored for 6 months
	70
	100
	-
	14
	350
	6
	470
	600
	1.27

	IV.
Jute bag treated with insecticide

	1
	T10 - Jute bag treated with insecticide stored for 2 months
	70
	30
	1
	14
	350
	2
	397
	400
	1.01

	2
	T11 - Jute bag treated with insecticide stored for 4 months
	70
	30
	1
	14
	350
	4
	399
	350
	0.87

	3
	T12 - Jute bag treated with insecticide stored for 6 months
	70
	30
	1
	14
	350
	6
	401
	300
	0.74


3. RESULTS AND DISCUSSION:   
3.1 Effect of different types of storage bags on benefit cost ratio of dolichos bean seeds at different storage periods

The effect of storage bags, on benefit cost ratio of dolichos bean seeds at different storage periods is presented in Table 3.
Table 3. Effect of different types of storage bags on benefit cost ratio of dolichos bean seeds at different storage periods

	Benefit Cost ratio (B:C)
	2Months

   (B1)
	4Months

   (B2)
	6Months

    (B3)

	Bag type: 

Factor A
	Jute bag(A1)
	0.75 
	0.50 
	0.25

	
	Polythene bag(A2)
	0.84 
	0.64
	0.38

	
	Triple layer PICS bag(A3)
	0.85
	1.06
	1.27

	
	Jute bag treated with insecticide (A4)
	1.01
	0.87
	0.74


Maximum benefit cost ratio triple layer PICS bag stored for 6 months storage period (1.27), followed by triple layer PICS bag stored for 4 months storage period (1.06), jute bag treated with insecticide stored for 2 months (1.01), jute bag treated with insecticide stored for at 4 months (0.87) and triple layer PICS bag stored for 2 months (0.85).
In triple layer PICS bag the initial cost is higher compared to other traditional storage bags which caused to lower the benefit cost ratio even the infestation of bruchid is less and there is no further loss of stored produce due to infestation of bruchid as all the pest in the triple layer PICS bag might have dead due to hypoxia and hypercarbia and no further loss of grain with initial infestation and no new infestation occurred and no reduction in benefit cost ratio of triple layer PICS bag with storage. Dolichos bean seeds stored in other storage bag was observed with egg masses on seed coat and also the seed became powdered due to infestation of pest which has eaten away the produce and made in powdered form. The quality of seed from jute bag, jute bag treated with insecticide and polythene bag was poor compared to the seed stored in the triple layer PICS bag after storage. The produce stored in the triple layer PICS bag is good in quality compared to other traditional bags used for storage and fetch the good market price which benefits the farmers. Insecticide treated is having less infestation following the triple layer PICS bag but the chemicals are health hazardous and involves risk of health of human beings. Compare to other traditional storage bags triple layer PICS bag can avoid initial infestation of produce by insect pest as it contains triple layers, other bags cannot avoid the initial infestation of produce by the pest, as the bags are porus and cannot avoid the entry of pest into the bag. The changes in hermetic storage i.e O2 and CO2 levels in closed bag causes the increase in CO2 concentration and decrease in O2 concentration which cause death of the pest and biotic organisms present in the bag at that hypercarbia and hypoxia condition. Insects obtain the energy by burning the carbohydrates and transformed it into lipids during active feeding larval stages wherein they consume high oxygen (Bhattacharya et al. (2003). The feeding activity of pest reduces due to drop in oxygen concentration but not due to rise in carbon dioxide concentration. Due to low oxygen levels the insect has the only way is to stop all its metabolic activities (Margam, 2009). 
So the triple layer PICS bag is best compare to other traditional bags, which is chemical free and no chemical cost is incurred in the treatment like that of jute treated with insecticide, no health risk of using chemical, ease of handling, no skill is required and only following some precautions while using the triple layer PICS bag without any damage can control the infestation where other bags cannot control, and can be reuse multiple times by proper handling, handling of triple layer PICS bag is also simple which the farmer can use it. One of the most significant economic benefits of PICS bags is the reduction in postharvest losses.
4. SUMMARY AND CONCLUSIONS
The B:C ratio of different treatments showed the maximum B:C ratio in the triple layer PICS bag as the infestation was less, the quality of seed was high compared to other storage bags used. Even though the initial cost of bag was high in the triple layer PICS bag but there was no additional cost of chemical are required as in the jute bag treated with insecticide. Hence there was no further damage of seed with increased duration of storage. After the periods of storage, the quality of seed fetched the premium price in the market. The triple layer PICS bag can also used for multiple times over seasons without any damage is added advantage. Triple layer PICS bags should be recycled for other use when the liners have accumulated numerous holes or tears that cannot be repaired with tape. The lifespan of triple layer PICS bag can be increased by farmers good practices. Because triple layer PICS bags are not treated with insecticides and pose no hazard, filled bags are usually stored in the living or sleeping rooms on low resource farms. Most smallholder farmers treat triple layer PICS bags as granaries, that is, they do not sell the triple layer PICS bags with the grain. Usually, farmers empty the grain into a different container before taking it to the market. The triple layer PICS bag is folded and kept to use again in the following storage season.
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