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ABSTRACT
	Legume grains are prone to both qualitative and quantitative loss due to unconventional field practices and storage conditions. Pigeonpea and chickpea are economically important pulses produced by millions of smallholder farmers in the developing countries. These are rich source of proteins in a vegetarian diet. The genus Callosobruchus (C. chinensis L. and C. maculatus F.) attacks the pigeonpea and chickpea both under field and storage conditions and cause substantial postharvest loss. Hermetic storage of seeds offers a novel, sustainable and ecologically safe alternative over traditional methods. In this study, we demonstrate the efficacy of triple-layer “Purdue Improved Crop Storage (PICS)” bags for protecting seeds from quality deterioration and damage by bruchids. Customized triple-layer bags with a capacity of 2 kg/bag were used for storing pigeonpea and chickpea seeds. The chickpea and pigeonpea seeds were infested with bruchids in jute and PICS bags. There were significant differences in percent seed damage, adult emergence and weight loss percent between the jute (68.00 and 82.33), (53.26 and 28.56) and (13.49 and 14.46), respectively and PICS (10.67 and 11.00), (9.93 and 6.45) and (4.33 and 5.86) respectively.
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INTRODUCTION
	The post-harvest loss of agricultural commodities produced by farmers starts from the crop harvest and continues till the final consumption by the consumer. This is due to inappropriate farm practices, and biotic and abiotic factors. The losses under storage conditions depend on the crop, storage method and the type of postharvest processing. Storing the legume grains in the gunny bugs is the most preferred practice by the farmers. But this is associated with field carry over bruchid infestation and other stored insect pests. Gunny bags are highly porous and can easily absorb moisture, and so foster the rapid growth and multiplication of storage insect pests. Pigeonpea and chickpea are semi-perishables and can be stored for long periods under optimal moisture, temperature and relative humidity. Any deviations from optimum conditions of storage result in grain damage leading to loss in market value of grains. Both   pigeonpea and chickpea are grown for their nutritive value in many developing countries. They are rich sources of dietary proteins and complements well with other cereal foods to meet the balanced dietary requirements of the poor people. Pulses are known as poor man’s meat. The pigeonpea and chickpea grains are prone to contamination and damage by biotic and abiotic factors during long term storage conditions. The biotic agents including insects, rodents, mites, birds and microorganisms, moisture, etc. cause economic losses by deteriorating the quality and quantity of the stored grains. Severe damage to stored grains was mainly caused by insects, about 20-35 % and 5-10 % in tropical and temperate zones respectively (Nakakita, H.1998; Sathish, et al., 2020). 
	Bruchids belong to the genus Callosobruchus (C. chinensis L. and C. maculatus F.). Bruchids attack both pigeonpea and chickpea under field and storage conditions. They cause substantial postharvest damage by completing their life cycle within the single seed from egg to adult during storage conditions. The bruchids poses an even greater threat when the pods/grains are kept in the open for longer durations making them unfit for consumption and reducing the seed germination, viability, seed mass and grain quality.
The drying of freshly harvested pigeonpea seed in the sun for four to five days is the most widely used preventive measure to control bruchid damage in the semi-arid tropics. While this may help, but there is a continuing risk of post-treatment re-infestation. Dried seed is subsequently stored in metal bins, polyethylene or gunny bags and earthen structures, and the application of inert dust (mainly ash of fire wood) and neem or castor oil (Yadav, 1997). Chemical pesticides have been used for a long time, but have serious drawbacks (Sharaby, 1988; Sathish et al., 2017). Solar heating combined with the use of transparent polyethylene bags reduced the losses due to storage pests in cowpea (Murdock and Shade, 1991, Ntoukam et al., 1997) and beans (Chinwada and Giga, 1996). The storage procedures described above have been adopted by only a small proportion of farmers. There is a need for developing economically feasible, low labor intensive, safe (no use of chemicals) and convenient (easy to transport) long term storage technology that would benefit farmers. Therefore, on-farm storage technologies play a major role in determining the quality of the commodities that are being used for seed production as well as for consumption. Hermetic storage offers a new alternative to traditional storage of grains and pods, and is a sustainable practice. Hermetic storage works on the principle of creating airtight conditions and depriving the storage pests and fungus of the oxygen required for respiration (Quezada et al., 2006). The Purdue Improved Crop Storage bags (PICS) consists of two, high-density polyethylene liners fixed inside a third woven polypropylene bag. When the bag is filled with grain and sealed, metabolic activities of living organisms inside the bag reduce the available oxygen to less than 5 % by volume within a few days (Murdock et al., 2012). PICS technology was developed to address post-harvest grain losses to smallholder farms, but because of its effectiveness in controlling storage pests it attracted the interest of large-scale users including farmers’ groups, international development relief programs, government food security agencies, and grain traders. The pics bags are environmentally safe, economic and easily available. It greatly reduces losses by storage insects (Moussa et al., 2009). An intense outreach program to implement the use of PICS technology in Africa was initiated in 2007 (Baributsa et al., 2010). The PICS system might also serve as an alternative for storage of pigeonpea and chickpea grains and seeds. In the present study, we explored the use of triple layer Purdue Improved Crop Storage bags by evaluating their performance and safety for short-term pigeonpea and chickpea storage at the farmers' and household level to  control bruchid damage.
Materials and Methods
Storage bags:The PICS bags consist of three non-connected bags (layers), the inner and middle layers are composed of 80-micron high density polyethylene plastic (HDPE) while the outermost layer is woven polypropylene for strength. These bags are available in 50 kg and 100 kg capacity (Baributsa et al., 2010). For our experiments, we used customized bags created by cutting the original PICS bags and heat sealing them to form units that can store 2 kg of pigeonpea and chickpea grains. The non-airtight 2 kg capacity muslin cloth bags were procured from the local market and served as controls. Cloth bags were selected because they are similar to jute/ gunny bags that permit air exchange with the surrounding environment. Triple-layer bags were carefully inspected for holes and sealing imperfections, to ensure that only good quality bags were used (Vales et al., 2014).
Bruchid culture and maintenance
	Culture of test insects used in the investigation was obtained from the department of Entomology, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Telangana, India.  Bruchids was reared on pigeonpea variety (Asha) throughout the study period. Sex determination bruchids was done using key characters (Howe R.W, 1964). Ten pairs of freshly emerged adults were allowed to oviposit on healthy grains for one day to get uniform age adults for future studies. The culture was maintained in the (Bio-Oxygen Demand, BOD) incubator at 28 ± 2 °C temperature and 70 ± 5 % relative humidity. Sub culturing of adult bruchids were done with one kg pigeonpea seeds in a five liter capacity plastic jar. The bruchids were reared for about 4-5 generations before starting the experiments.  
Experimental design and procedure
	The experiment was conducted at ICRISAT, Patancheru, India in a storage room at ambient temperature. Two kg of bruchid infested grains (seed moisture of 8%) were filled in Triple-layer (PICS) and jute bags separately for both chickpea and pigeonpea. Grains were fumigated using standard procedures to prevent any field contamination from being carried over to the experimental setup. Each bag was considered as a single replication. There were three replications for each treatment. Five pairs of male and females were released in each replicate before sealing the two inner layers independently and stored for six months. 
Seed germination
	The germination of pigeonpea and chickpea seeds from each replicate was determined using the roll towel method. Hundred seeds from each replication of pigeonpea and chickpea storage units were taken and sterilized in 50 per cent sodium hypochlorite solution for 2 minutes. It was followed by thorough rinsing in sterilized water for 3-4 times. The towel papers were wetted with sterilized distilled water. A total of 25 seeds per replication/per treatment were placed equidistantly on towel paper kept in a plastic tray (60× 30 cm). The paper towels were moistened daily to prevent drying. The experiment was conducted in a germination chamber fitted with florescent lights. The temperature was maintained at 25 °C and photoperiod of 12 h: 12h light: dark cycle. Percentage germination was recorded after five days of incubation. The mean radicle and plumule lengths of each seed were recorded at 10 days. The seed vigor index was calculated as (radicle length + plumule length) x germination percentage; this index measures the quality of the seed by combining viability of the seed and strength of the seedlings.
Data analysis
	Data was subjected to the analysis of variance (ANOVA) and correlation analysis in  GENSTAT (Version 14.0; Rothamsted Experiment Station, Herpenden, Herts AL52JQ, UK) and the treatment means were differentiated by a least significant difference (LSD) at P = 0.05. Only the percentage seed infection and germination data were transformed to angular values prior to statistical analysis (Zar, 1984).
Results and Discussion 
Variability of bruchid damage in PICS vs Jute bags   
	The results showed that the mean seed damage, adult emergence and weight loss percentage in both pigeonpea and chickpea seeds stored in PICS bags (10.67 and 11.00), (9.93 and 6.45) and (4.33 and 5.86) were significantly lower than the controls (68.00 and 82.33), (53.26 and 28.56) and (13.49 and 14.46) respectively. However, these differences were lower under natural storage conditions. The seed germination percent was significantly higher in both chickpea and pigeonpea when the bruchid infested seeds were stored in triple-layer (80.00 and 73.30 %) when compared to the cloth bags (56.70 and 40.00 %) (Tables 1-2). Similarly, oviposition preference was significantly lower (106.00 and 173.67) in seeds stored in triple layered bags compared to the seeds stored in cloth bags (131.67 and 288.33). The number 

Table.1 Differences between various parameters of chickpea seeds stored in triple-layered (PICS) and cloth bags
	Treatments 
	Number of Adults emerged 
	Adult emergence (%)
	No. of eggs laid
	Damage (%)
	No. of holes/10 seeds
	Weight loss (%)
	Germination (%)
	Radicle (cm)
	Plumule (cm)
	Test weight (g)
	Vigor index

	Gunny bags
	82.33
	28.56
	288.30
	82.33
	8.27
	14.46
	56. 70
	7.05
	4.35
	23.99
	647.00

	Pics bags
	12.00
	6.45
	173.70
	11.00
	1.10
	5.86
	80.00
	11.83
	7.77
	24.10
	1568.00

	Fp
	<0.001
	0.004
	0.015
	0.002
	0.003
	0.003
	0.222
	0.025
	0.081
	0.348
	0.017

	SE ±
	1.03
	0.93
	10.02
	2.49
	0.27
	0.36
	0.94
	0.54
	0.73
	0.06
	84.90

	LSD (P 0.05)
	6.25
	5.67
	60.97
	15.18
	1.65
	2.18
	5.74
	3.30
	4.45
	0.39
	516.60




Fig.1 Comparison of seed parameters of chickpea seeds stored for six months in PICS and cloth bags.

Table.2 Differences between various parameters of pigeonpea seeds stored in triple-layered (PICS) and cloth bags
	Treatments 
	Adult emergence (%)
	No. of eggs laid
	Damage (%)
	No. of holes/10 seeds
	Weight loss (%)
	Germination (%)
	Radicle (cm)
	Plumule (cm)
	Test weight (g)
	Vigor index

	Gunny bags
	53.26
	131.70
	68.00
	6.80
	13.49
	40.00
	2.03
	1.28
	11.79
	132.40

	PICS bags
	9.93
	106.00
	10.67
	1.07
	4.33
	73.30
	5.07
	4.00
	11.83
	664.60

	Fp
	0.024
	0.311
	0.031
	0.031
	0.006
	0.010
	0.011
	0.049
	0.423
	0.014

	SE ±
	4.83
	13.51
	7.31
	0.73
	0.48
	0.24
	0.23
	0.45
	0.03
	44.20

	LSD             (P 0.05)
	29.40
	82.18
	44.46
	4.45
	2.95
	1.43
	1.37
	2.71
	0.16
	268.80






Fig.2 Comparison of seed parameters of pigeonpea seeds stored for six months in PICS and cloth bags.

of bruchid exit holes were lesser in triple layered PICS bags (1.07 /10 seeds and 1.10 / 10 seeds) compared to cloth bags (6.80/10 seeds and 8.27/10 seeds) in both pigeonpea and chickpea respectively. After six months of storage there were significant differences (P < 0.05) in vigor index, test weight, radicle and plumule length in pigeonpea and chickpea seeds stored in PICS bags and jute bags (Tables. 1-2). The embryo radicle and plumule length were smaller in  pigeonpea (2.03 and 1.28 cm) and chickpea (7.05 and 4.35 cm) for seeds stored in cloth bags compared to triple-layer bags (5.07 and 4.00 cm) and (11.83 and 7.77 cm) respectively. The present findings are in corroboration with H. Sudini et al., (2015) who reported that seed germinability was comparatively higher in triple-layer bags (89.3 %) than in the cloth bags (81.3 %). The results of present investigations are also in conformity with S. Alemayehu et al., 2020 who reported that chickpea seeds stored in SGP bags exhibited higher germinability compared to the seeds stored in jute bags.
	In rural areas, the smallholder farmers do not have access to economical seed storage technologies. This study sought to validate hermetic seed storage technologies that can be made available to pigeonpea and chickpea producers in order to limit postharvest losses caused by insects and other pests. A six-month experiment under laboratory conditions confirmed that hermetic storage PICS bags were in effective in controlling percent infestation weight loss, adult emergence, and as well as conserved germination and vigor of pigeonpea and chickpea seeds. The results of present study demonstrated that hermetic triple layer bags are superior to jute bags in protecting the seed quality. Seed damage by bruchids was bruchids was lower in triple layered PICS bags (10.67 and 11.00 %) as compared to cloth bags (68.00 and 82.33 %) in pigeonpea and chickpea respectively under laboratory conditions.
	 Reduced oviposition, adult emergence and seed damage in triple layered PICS bags can be attributed to low O2 levels that prevailed in the storage bags. Insect infestation was found to be lower under depleted O2 levels under storage conditions (Slay et al., 1985). Lower O2 levels leads to poor feeding and eventually death by desiccation resulting from the inadequate supply of O2 (Murdock et al., 2012). Use of hermetic storage systems for a wide range of commodities is being widely adopted in Africa, Asia, and South and Central America. Recent studies indicate that hermetic storage of unshelled groundnuts for eight months helps in maintaining constant moisture and germination rates and is comparable to refrigerated storage conditions (Villers et al., 2006; Van Chin, 2005). Low bruchid reproduction rates and seed damage in triple layer (PICS) bags has been reported in several crops in the recent past (Vales et al., 2014; Baoua et al., 2012; Murdock et al., 2012). 	It is well established fact that the hermetic storage containers that have finite gas transfer rates across their surfaces perform better in the contained volume. The use of the small bags in our experiments was a practical necessity and it also demonstrated that small bags are more effective in controlling pod damage because of their unfavorable surface to volume ratio compared to bigger 100 kg PICS and 50 kg PICS bags.
	 The technology of storing pigeonpea and chickpea seeds hermetically in triple layer PICS bags is a viable alternative for pesticide free storage conditions and is an ecologically safer method of storage with minimal seed damage. Therefore, this technology can be very helpful to the farmers for protecting the pigeonpea and chickpea seeds from seasonal and price fluctuations by ensuring a continuous supply of quality grains, enhancing their health, economic status and resilience to continue climbing the socioeconomic ladder. However, future investigations should focus on the utilization of PICS bag technology for other commodities, reusability of the PICS bags and their capability in conserving the seed quality attributes under various environmental and agro-climatic conditions.
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