Influence of Seed Treatment and Packaging Material on Storability and Quality of Sword Bean (Canavalia gladiata L.) cv. KAU Cg101



Abstract
The present investigation was carried out at the Department of Seed Science and Technology, TNAU, Coimbatore (2024–2025), to evaluate the effect of seed treatment with carbendazim (2 g kg⁻¹) and storage containers such as cloth bag (C1) and 700-gauge polyethylene bag (C2) on the storability and physiological quality of sword bean (Canavalia gladiata L.) cv. KAU Cg101 under ambient conditions. Seeds stored in polyethylene bag with carbendazim (C2T2) retained higher germination percentage (60%), root length (16.3 cm), shoot length (17.8 cm), dry matter production (6.3 g/10 seedlings), vigour index (2008) and protein content (12.7%), while recording the lowest electrical conductivity (1.534 dS m⁻¹) and moisture content (9.0%) after six months of storage. In contrast, seeds stored in cloth bags without treatment (C1T1) recorded poor quality, including 53% germination, 13.7 cm root length, 15.4 cm shoot length and electrical conductivity of 2.158 dS m⁻¹ at P6. These results clearly indicate that carbendazim treatment combined with polyethylene bag storage effectively delays seed deterioration and enhances shelf-life by maintaining physiological and biochemical seed quality attributes.
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Introduction 
Sword bean is also known as Jamaican horse bean, Runner bean and Scimitar bean belongs to the family Fabaceae and propagated through seeds. It is a self-pollinated crop with a climbing nature. It is a warm season crop (Li et al., 2007) requires sufficient sun light and temperature (15-30°C) and even distribution of rainfall of 900 - 1500 mm / annum for its growth and has good adaptability in all type of soil. Sword bean is twining annual herb and grow up to 6 feet. Leaves are trifoliate and inflorescence is axillary and long stalked raceme bearing several flowers and flowers are white in colour (Huang, 2008). 
Now-a-days, sword bean (Canavalia gladiata. L) has been recognized as one of the emerging important underutilized legume vegetable crop by various authors and institutes due to its promising nutritional security. It is not only an important vegetable legume crop but it has potential to become an important food crop (Ekanayake, 2000). 
Good quality seeds play a vital role in production of healthy crops for obtaining higher yields. Technology has been modernized in farming operation but without steady supply of good quality seed, yield and quality of the economic produce would not be expected. Seed quality characteristics such as germination, vigour, genetic purity and physical purity play an important role in crop productivity which is to be considered during development and supply of seeds. Seed technologist should be fully conversant about development and maturation of seed to produce high quality seeds with assured storage potential. So, harvesting the seeds at correct stage is much important when seeds are endowed with maximum vigour, viability and germination.
Seed is hygroscopic in nature and exhibit fluctuation in seed moisture content due to environmental conditions. The storability and maintenance of its quality during storage is a major constraint of sword bean seed. Within a short period, it loses viability, resulting in irreversible ageing. In storage, moisture content, temperature, relative humidity of storage atmosphere determines longevity of seeds. Hence, it is necessary to understand the storage potential of sword bean seeds and it is also essential to preserve them in suitable containers (Harish et al., 2014). Improved storage strategy to prolong shelf life of seed and storage conditions would help sword bean growers to augment the net returns.
MATERIALS AND METHODS
The storage experiments were conducted in the Department of Seed Science and Technology, Tamil Nadu Agricultural University, Coimbatore, India during the year 2024-2025 to study the effect seed treatment and storage container on seed quality of sword bean (Canavalia gladiata L.) cv. Kau Cg101.
Seed source and treatments 
Seeds of sword bean were procured from the Department of Olericulture, Kerala Agriculture University, Thrissur, Kerala. The seeds were cleaned free from inert matter and estimate initial moisture content (8%) and germination percentage (95%).  The treatment details, storage container C1- cloth bag, C2- polyethylene bag (700-gauge thickness). The bulk sword bean seed treated with carbendazim 2g kg-1 before storage. The experiment was carried out in completely randomised design with four replications. Seed samples were kept under ambient condition in Coimbatore (30±2 ºC and 65%). Seed samples were drawn at monthly intervals to evaluate the physiological and biochemical parameters. 
Effect of storage container on moisture content 
The moisture content was estimated by using standard protocol (ISTA, 2019). About two grams of seeds were taken in moisture weighing bottle and placed in hot air oven maintained at 130±1°C for 1h. After drying, moisture bottles were cooled in a desiccator for 30mins. The moisture loss in seed was calculated using the following formulae and expressed as percentage. Moisture content (%)- M2-M3/M2-M1×100
Where, M1 – Weight of weighing bottle alone, M2 – Weight of bottle + sample before drying and M3 – Weight of bottle + sample after drying.
Effect of seed treatment and storage container on germination and seedling growth
The stored sword seed samples were tested for germination (%), shoot length (cm), root length (cm), dry matter production and vigour index as per the ISTA (2019) protocol.
Germination percentage (GP) = ∑N/T
Where: N= Number of germinated seeds, T= Total number of seeds.
Vigour index = Germination (%) x [Mean root (cm) + Mean shoot length (cm)].
Effect of seed treatment and storage container on protein content and Electrical conductivity 
The protein content of stored sword bean seeds was tested as per the standard procedure (Ali-Khan and Youngs, 1973). 100 mg ground seed material was taken polyethene screw cap bottle and 25 ml of 1N NaOH was added. The mixture was shaken for 30 min on a wrist action shaker to disperse the protein. Then, 10 ml of the suspension was poured into a graduated test tube and used as a blank to compensate for the differences in the amount of natural pigments extracted. To the remaining suspension in the bottle 0.25 ml of 10 per cent copper sulphate was added and the bottle was shaken for five minutes to develop the colour complex. The sample solution was then, poured into a separate test tube and left overnight along with its blank to allow the dispersed material to settle down. After centrifugation for 10 min the Optical Density (OD) of the clear supernatant solution was measured in an Optima UV-VIS spectrophotometer (Model SP-3000) using a red filter (620nm) with corresponding blank. Protein content (%) = 3.78 + (61.6 x OD value)
 Electrical conductivity was tested as per the (Presley, 1958) protocol. Four replicates of ten seeds each were taken at random from each development stage. Initially seeds were rinsed with deionized water and then soaked in 25ml of deionized water for 24 h at room temperature (25 ±1ºC). The seed steep water was decanted and referred as seed leachate and was measured in a digital conductivity meter with a cell constant of one and expressed as dSm1.
Statistical analysis
The data obtained from various experiments were analysed by using ‘F’ test for significance as described by (Gomez and Gomez, 1984). Wherever necessary, the per cent values were transformed to angular (Arc-sine) values before analysis. The critical differences (CD) were calculated at 5% probability level. Microsoft Excel (2019) and GraphPad Prism version 5.8 were used to generate graphs.
Results and discussion
Maintaining the vigour and viability of seeds in storage improves the success of the seed development programme. In a successful seed trade a well-preserved seed is an asset. If the seed produced with so much care is not stored properly until planting, the investment made in production would go waste. They retain germinability for some time after physiological maturity and enter into a period of decline. It is well known that the seed treatment materials, the containers chosen for storage and the atmosphere in which the seeds are stored have a profound impact on the viability and vigour of the seeds. Many factors, such as seed moisture content, initial seed quality, storage environment, storage period, chemical composition changes and storage container decided the degree of degradation of seeds in storage (Renganayaki, 2001).
Copeland and McDonald (2012) stated that the moisture content of seeds plays a major role in determining of storability of seed. In the present study, 700-gauge polyethylene bag (C2) recorded lower percentage of seed moisture content (8.5%) while the maximum moisture content (C1) cloth bag (9%). Among the treatments the minimum moisture content (8.7%) was recorded by carbendazim 2g kg-1 (T2) which was 0.1 per cent lower than (T1) untreated (8.8%). In the C x P interaction, C2P0 recorded minimum moisture content (8%) which is on par with C1P0 and maximum was noticed in C1P6 (10.6 %) (Table 1). However, an increase in moisture content from 8.0 at P0 to 10.3 percent at P6 was observed in the cloth bag seeds might be due to easy absorption of moisture from the surrounding environment by cloth bag. The slow rate of increase in moisture content from 8.0 to 9.0 per cent was reported in 700-gauge polyethylene bag was due to the inhibition produced by the container in the container for moisture entry. These similar results were found by Layek et al. (2006) in gram and Kundagrami et al. (2008) in rice. According to Dejene (2004) reported that, the high relative humidity and the warm temperature in the store reduced seed viability due to increased degree of invasion by seed-borne or storage fungi, increased respiratory activity and decreased stored food materials.
The germination per cent was significantly influenced by the containers, treatment and period of storage. Among the containers, 700-gauge polyethylene bag (C2) recorded maximum mean germination per cent (77), which was 6.0 per cent higher than (C1) cloth bag (71) (Table 2). Among the treatments the higher germination per cent (75%) was recorded by carbendazim 2g kg-1 (T2) which was 3% per cent higher than (T1) untreated (72%). In the C x P interaction, C2 P0 recorded maximum germination percentage (95%) which was on par with C1P0 and the minimum germination was recorded in C1P6 (53%) at the end of the storage period. The seeds stored in 700- gauge polyethylene bag showed higher germination is due to its moisture content and helped to keep the metabolic activity at lower level and in cloth bag reduction in germination per cent due to easy absorption of moisture from surroundings. The similar results were found Umesha et al. (2017) in cluster bean and Prasath (2020) in horse gram. 
Seedling growth is considered to be important tool that can be used for assessing the magnitude of deterioration. The storage container showed a major impact on the root and shoot length which decreased as the storage duration increased. Seed deterioration is associated with a reduction in root and shoot length. The root length and shoot length decreased with an increase in the storage time and this was more in untreated seeds than in treated seeds.
In the present study, seeds stored in 700-gauge polyethylene bag recorded higher root length (15.9 cm) and shoot length (17.5 cm) when compared to seeds stored in cloth bag which recorded lower root length (13.9 cm) and shoot length (16.1 cm) at the end of storage period (Table 3,4). The decrease in root length may be attributed to a phase of degradation in seeds due to ageing with an increase in storage periods. The results were in conformity with Layek et al. (2006) in gram and Amin et al. (2008) in pea. Justice and Bass (1978) stated that the vigour is considered in relation to the strength or power of germination of the seeds its
Capacity to put out a strong root and shoot even under stress condition and its free from attack by microorganisms. Seed deterioration is a gradual process that is accompanied by metabolite accumulation and gradually depresses seedling growth and germination with increased age, eventually reducing the dry matter and vigor of sword bean seeds during storage. Jasper et al. (2000) stated that seedling vigour is usually characterized by the weight of seedlings after a period of growth and this is primarily a physiological process influenced by the enzyme activities, regulators of growth and reserve metabolites. Statistically significant differences were noticed for vigour index due to containers, treatment, period of storage and interaction between C x P, T x P and non-significant for C x T and C x T x P. Among the containers, 700-gauge polyethylene bag (C2) recorded higher vigour index (3021) than (C1) cloth bag (2700) (Table 5). Among the treatments, the maximum vigour index was recorded by (T2) carbendazim 2g kg-1 (2948) which is higher than (T1) untreated (2773). In the interaction between containers and periods, C2P0 (4161) which is on par with C1P0 showed higher vigour index and lower in C1P6 (1528). Irrespective of containers, the values of vigour index were more in T2P0 (4161) which was on par with T1P0 and less in T1P6 (1528).
The loss of seedling vigor in stored seeds has been associated with weakening of cell membrane and depletion of stored supplies of food which reduced the embryo synthetic activity. The production of dry matter in the present study decreased from 8.25 g at P0 to 5.91 g at P6. Compared to cloth bag stored seeds, the highest seedling dry matter production of 6.35 g was reported in 700-gauge polyethylene bag stored seeds at end of storage period. Higher dry matter production was recorded in seed treated with fungicide (6.22 g) than untreated (5.62 g) (Table 6). Similar results were reported by Sultana et al. (2016) in soybean, Arunkumar (2016) in foxtail millet and Bakhtavar et al. (2019) in maize and wheat.
Protein becomes less soluble during storage and degrades into free amino acids, while oil into free fatty acids. In the present study, 700-gauge polyethylene bag (C2) recorded the maximum protein content (12.7 %), which was higher than (C1) cloth bag (11.5 %). Among the treatments, the higher protein content (12.3%) was recorded by carbendazim 2g kg-1 (T2) which is higher than (T1) untreated (11.8%) (Fig. 1). The denaturation of protein content may therefore be the explanation for the loss of the seeds physiological vigour during storage. An important method for assessing seed vigor is the estimation of the protein content of the stored seed. There was also a drop in protein levels in aged seeds was also reported by Jayasri (2017) in cluster bean and Vinothini (2020) in black gram. To some extent, protein degradation may be preserved by treating the seeds with either fungicide/polymer/insecticide or their combination compared to untreated seeds. 
Electrical conductivity of the seed leachate is a measure of integrity of cell membrane ultimately depicting seed viability and vigour (Kumar et al., 2024). The increase in electrical conductivity of seeds could also be correlated with the loss of membrane integrity, which multiplied with advances in storage time. Among the containers, 700-gauge polyethylene bag (C2) recorded lower electrical conductivity (1.555 dSm-1) which was lower than (C1) cloth bag (1.664 dSm-1). The leachate in terms of electrical conductivity was minimum at (T2) carbendazim 2g kg-1 (1.581 dSm-1) which was lower than (T1) untreated (1.638 dSm-1). Irrespective of periods, C2T2 recorded the lowest electrical conductivity (1.534 dSm-1) and highest leakage of solute recorded in C1T1 (2.158 dSm-1) (Fig. 2). Irrespective of containers, T2 P0 (1.344) retained the lowest electrical conductivity which is on par with T1 P0 and T1 P6 recorded highest electrical conductivity (2.006 dSm-1). The results of this study are similar to the findings of Umesha et al. (2017) in cluster bean and Prasath (2020) in horse gram who stated that the viability and vigour of storage of various crop seeds was not reduced by moisture-proof containers.








Table 1. Effect of period of storage, container and treatment on seed moisture content (%) of sword bean cv. KAU cg101
	Period of storage in months (P)
	C1
	C2
	Grand mean

	
	T1
	T2
	Mean
	T1
	T2
	Mean
	

	P0
	8.0 (16.43)
	8.0 (16.43)
	8.0 (16.43)
	8.0 (16.43)
	8.0 (16.43)
	8.0 (16.43)
	8.0 (16.43)

	P1
	8.3 (16.74)
	8.2 (16.64)
	8.2 (16.64)
	8.1 (16.54)
	8.1 (16.54)
	8.1 (16.54)
	8.2 (16.64)

	P2
	8.5 (16.95)
	8.5 (16.95)
	8.5 (16.95)
	8.3 (16.74)
	8.2 (16.64)
	8.3 (16.74)
	8.4 (16.85)

	P3
	8.9 (17.36)
	8.8 (17.26)
	8.8 (17.26)
	8.6 (17.05)
	8.4 (16.85)
	8.5 (16.95)
	8.7 (17.15)

	P4
	9.4 (17.85)
	9.2 (17.66)
	9.3 (17.76)
	8.7 (17.15)
	8.6 (17.05)
	8.7 (17.15)
	9.0 (17.46)

	P5
	9.8 (18.24)
	9.6 (18.05)
	9.7 (18.15)
	8.9 (17.36)
	8.7 (17.15)
	8.8(17.26)
	9.3 (16.74)

	P6
	10.6 (19.00)
	10.3 (18.72)
	10.5 (18.91)
	9.3 (17.76)
	9.0 (17.46)
	9.2 (17.66)
	9.8 (18.24)

	Mean
	9.0 (17.46)
	8.9 (17.36)
	9.0 (17.46)
	8.6 (17.05)
	8.4 (16.85)
	8.5 (16.95)
	8.8 (17.26)

	T × P interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	T1
	8.0 (16.43)
	8.2 (16.64)
	8.4 (16.85)
	8.7 (17.21)
	9.0(17.5)
	9.3(17.8)
	9.95 (18.39)
	8.8 (17.26)

	T2
	8.0 (16.43)
	8.1 (16.59)
	8.3 (16.80)
	8.6 (17.05)
	8.9 (17.36)
	9.1(17.61
	9.65 (18.10)
	8.7 (17.15)

	Mean
	8.0 (16.43)
	8.2 (16.64)
	8.4 (16.85)
	8.7 (17.15)
	9.0 (17.46)
	9.3 (16.74)
	9.8 (18.24)
	8.8 (17.26)

	P × C interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	C1
	8.0 (16.43)
	8.2 (16.64)
	8.5 (16.95)
	8.8 (17.26)
	9.3 (17.76)
	9.7(18.15)
	10.5 (18.91)
	9.0 (17.46)

	C2
	8.0 (16.43)
	8.1 (16.54)
	8.3 (16.74)
	8.5 (16.95)
	8.7 (17.15)
	8.8(17.26)
	9.2 (17.66)
	8.5 (16.95)

	Mean
	8.0 (16.43)
	8.2 (16.64)
	8.4 (16.85)
	8.7 (17.15)
	9.0 (17.46)
	9.3 (16.74)
	9.8 (18.24)
	8.8 (17.26)

	C × T interaction

	
	T1
	T2
	Mean

	C1
	9.0
	8.9
	9.0

	C2
	8.6
	8.4
	8.5

	Mean
	8.8
	8.7
	8.8

	
	P
	C
	T
	P × C
	C × T
	P × T
	P × C × T

	SEd
	0.091
	0.049
	0.049
	0.129
	0.069
	0.129
	0.182

	CD (P = 0.05)
	0.183
	0.098
	0.098
	0.258
	NS
	NS
	NS


(Figures in the parenthesis indicate the arc sine values) (C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)


Table 2. Effect of period of storage, container and treatment on seed germination (%) of sword bean cv. KAU cg101
	Period of storage in months (P)
	C1
	C2
	Grand mean

	
	T1
	T2
	Mean
	T1
	T2
	Mean
	

	P0
	95 (77.08)
	95 (77.08)
	95 (77.08)
	95 (77.08)
	95 (77.08)
	95 (77.08)
	95 (77.08)

	P1
	78 (62.03)
	85 (67.21)
	81 (64.16)
	90 (71.57)
	93 (74.66)
	91 (72.54)
	86 (68.03)

	P2
	75 (60.00)
	78 (62.03)
	76 (60.67)
	82 (64.90)
	85 (67.21)
	84 (66.42)
	80 (63.43)

	P3
	68 (55.55)
	70 (56.79)
	69 (56.17)
	72 (58.05)
	78 (62.03)
	75 (60.00)
	72 (58.05)

	P4
	60 (50.77)
	63 (52.54)
	61 (51.35)
	65 (53.73)
	72 (58.05)
	69 (56.17)
	65 (53.73)

	P5
	58(49.60)
	60 (50.77)
	59 (50.18)
	62 (51.94)
	65 (53.73)
	64 (53.13)
	61 (51.35)

	P6
	53 (46.72)
	55 (47.87)
	54 (47.29)
	57 (49.02)
	62 (51.94)
	60 (50.77)
	57 (49.02)

	Mean
	69 (56.17)
	72 (58.05)
	71 (57.42)
	75 (60)
	79 (62.73)
	77 (61.34)
	74 (59.34)

	T × P interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	T1
	95 (77.08)
	84 (66.42)
	79 (62.73)
	70 (56.79)
	63 (52.24)
	60 (50.77)
	55 (47.87)
	72 (58.05)

	T2
	95 (77.08)
	89 (70.63)
	81 (64.16)
	74 (59.34)
	68 (55.55)
	62 (51.94)
	59 (50.18)
	75 (60)

	Mean
	95 (77.08)
	86 (68.03)
	80 (63.43)
	72 (58.05)
	65 (53.73)
	61 (51.35)
	57 (49.02)
	74 (59.34)

	P × C interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	C1
	95 (77.08)
	81 (64.16)
	76 (60.67)
	69 (56.17)
	61 (51.35)
	59 (50.18)
	54 (47.29)
	71 (57.42)

	C2
	95 (77.08)
	91 (72.54)
	84 (66.42)
	75 (60.00)
	69 (56.17)
	64 (53.13)
	60 (50.77)
	77 (61.34)

	Mean
	95 (77.08)
	86 (68.03)
	80 (63.43)
	72 (58.05)
	65 (53.73)
	61 (51.35)
	57 (49.02)
	74 (59.34)

	C × T interaction

	
	T1
	T2
	Mean

	C1
	69 (56.17)
	72 (58.05)
	71 (57.42)

	C2
	75 (60)
	79 (62.73)
	77 (61.34)

	Mean
	72 (58.05)
	76 (60.67)
	74 (59.34)

	
	P
	C
	T
	P × C
	C × T
	P × T
	P × C × T

	SEd
	0.868
	0.464
	0.464
	1.228
	0.656
	1.228
	1.736

	CD (P = 0.05)
	1.740
	0.930
	0.930
	2.460
	NS
	NS
	NS


(Figures in the parenthesis indicate the arc sine values) (C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)




Table 3. Effect of period of storage, container and treatment on root length (cm) of sword bean cv. KAU cg101
	Period of storage in months (P)
	C1
	C2
	Grand mean

	
	T1
	T2
	Mean
	T1
	T2
	Mean
	

	P0
	21.5
	21.5
	21.5
	21.5
	21.5
	21.5
	21.5

	P1
	20.3
	20.4
	20.3
	20.6
	21.1
	20.8
	20.6

	P2
	17.8
	18.2
	18.0
	18.3
	18.5
	18.4
	18.2

	P3
	17.2
	17.9
	17.5
	17.6
	18.3
	17.9
	17.8

	P4
	16.5
	16.8
	16.6
	17.1
	17.9
	17.5
	17.0

	P5
	15.1
	15.4
	15.2
	16.7
	17.2
	16.9
	16.1

	P6
	13.7
	14.2
	13.9
	15.6
	16.3
	15.9
	14.6

	Mean
	17.4
	17.8
	17.6
	18.2
	18.7
	18.4
	18.0

	T × P interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	T1
	21.5
	20.4
	18.0
	17.4
	16.8
	15.9
	14.6
	17.8

	T2
	21.5
	20.7
	18.3
	18.1
	17.3
	16.3
	15.2
	18.2

	Mean
	21.5
	20.6
	18.2
	17.8
	17.0
	16.1
	14.6
	18.0

	P × C interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	C1
	21.5
	20.3
	18.0
	17.5
	16.6
	15.2
	13.9
	17.6

	C2
	21.5
	20.8
	18.4
	17.9
	17.5
	16.9
	15.9
	18.4

	Mean
	21.5
	20.6
	18.2
	17.8
	17.0
	16.1
	14.6
	18.0

	C × T interaction

	
	T1
	T2
	Mean

	C1
	17.4
	17.8
	17.6

	C2
	18.2
	18.7
	18.4

	Mean
	17.8
	18.3
	18.0

	
	P
	C
	T
	P × C
	C × T
	P × T
	P × C × T

	SEd
	0.192
	0.103
	0.103
	0.272
	0.145
	0.272
	0.385

	CD (P = 0.05)
	0.385
	0.206
	0.206
	0.545
	NS
	NS
	NS


(C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)

Table 4. Effect of period of storage, container and treatment on shoot length (cm) of sword bean cv. KAU cg101
	Period of storage in months (P)
	C1
	C2
	Grand mean

	
	T1
	T2
	Mean
	T1
	T2
	Mean
	

	P0
	22.3
	22.3
	22.3
	22.3
	22.3
	22.3
	22.3

	P1
	21.6
	21.8
	21.7
	22.0
	22.1
	22.0
	21.8

	P2
	20.8
	21.0
	20.9
	21.2
	21.5
	21.4
	21.1

	P3
	19.6
	20.4
	20.0
	20.3
	20.8
	20.6
	20.3

	P4
	19.1
	19.5
	19.3
	19.6
	19.9
	19.8
	19.5

	P5
	17.9
	18.3
	18.1
	18.6
	19.1
	18.9
	18.4

	P6
	15.4
	16.8
	16.1
	17.2
	17.8
	17.5
	16.8

	Mean
	19.5
	20.1
	19.7
	20.1
	20.5
	20.3
	20.1

	T × P interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	T1
	22.3
	21.8
	21.0
	19.9
	19.3
	18.2
	16.3
	19.8

	T2
	22.3
	21.9
	21.3
	20.6
	19.7
	18.7
	17.3
	20.3

	Mean
	22.3
	21.8
	21.1
	20.3
	19.5
	18.4
	16.8
	20.1

	P × C interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	C1
	22.3
	21.7
	20.9
	20.0
	19.3
	18.1
	16.1
	19.7

	C2
	22.3
	22.0
	21.4
	20.6
	19.8
	18.9
	17.5
	20.3

	Mean
	22.3
	21.8
	21.1
	20.3
	19.5
	18.4
	16.8
	20.1

	C × T interaction

	
	T1
	T2
	Mean

	C1
	19.5
	20.1
	19.7

	C2
	20.1
	20.5
	20.3

	Mean
	19.8
	20.3
	20.1

	
	P
	C
	T
	P × C
	C × T
	P × T
	P × C × T

	Sed
	0.214
	0.115
	0.115
	0.303
	0.162
	0.303
	0.429

	CD (P = 0.05)
	0.429
	0.229
	0.229
	NS
	NS
	NS
	NS


(C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)

Table 5. Effect of period of storage, container and treatment on dry matter production (g seedlings-10) of sword bean cv. KAU cg101
	Period of storage in months (P)
	C1
	C2
	Grand mean

	
	T1
	T2
	Mean
	T1
	T2
	Mean
	

	P0
	8.2
	8.2
	8.2
	8.2
	8.2
	8.2
	8.2

	P1
	7.8
	8.0
	7.9
	8.0
	8.1
	8.1
	8.0

	P2
	6.8
	7.5
	7.2
	7.6
	7.8
	7.7
	7.4

	P3
	6.4
	7.5
	6.9
	7.5
	7.6
	7.6
	7.2

	P4
	6.2
	7.1
	6.6
	7.2
	7.3
	7.2
	6.9

	P5
	6.0
	6.4
	6.2
	6.5
	6.8
	6.6
	6.4

	P6
	5.2
	5.9
	5.6
	6.1
	6.3
	6.2
	5.9

	Mean
	6.6
	7.2
	6.9
	7.3
	7.5
	7.4
	7.2

	T × P interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	T1
	8.2
	7.9
	7.2
	7.0
	6.7
	6.3
	5.7
	7.0

	T2
	8.2
	8.0
	7.7
	7.5
	7.2
	6.6
	6.1
	7.4

	Mean
	8.2
	8.0
	7.4
	7.2
	6.9
	6.4
	5.9
	7.2

	P × C interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	C1
	8.2
	7.9
	7.2
	6.9
	6.6
	6.2
	5.6
	6.9

	C2
	8.2
	8.1
	7.7
	7.6
	7.2
	6.6
	6.2
	7.4

	Mean
	8.2
	8.0
	7.4
	7.2
	6.9
	6.4
	5.9
	7.2

	C × T interaction

	
	T1
	T2
	Mean

	C1
	6.6
	7.2
	6.9

	C2
	7.3
	7.5
	7.4

	Mean
	7
	7.4
	7.2

	
	P
	C
	T
	P × C
	C × T
	P × T
	P × C × T

	SEd
	0.082
	0.044
	0.044
	0.116
	0.062
	0.116
	0.165

	CD (P = 0.05)
	0.165
	0.088
	0.088
	0.233
	0.125
	0.233
	0.330


(C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)
Table 6. Effect of period of storage, container and treatment on seedling vigour index of sword bean cv. KAU cg101
	Period of storage in months (P)
	C1
	C2
	Grand mean

	
	T1
	T2
	Mean
	T1
	T2
	Mean
	

	P0
	4161
	4161
	4161
	4161
	4161
	4161
	4161

	P1
	3247
	3587
	3417
	3834
	3996
	3915
	3666

	P2
	2895
	3038
	2966
	3259
	3400
	3329
	3148

	P3
	2484
	2681
	2582
	2748
	3030
	2889
	2735

	P4
	2136
	2269
	2202
	2386
	2741
	2563
	2388

	P5
	1897
	2022
	1959
	2206
	2360
	2283
	2121

	P6
	1528
	1705
	1616
	1886
	2131
	2008
	1812

	Mean
	2621
	2780
	2700
	2925
	3117
	3021
	2861

	T × P interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	T1
	4161
	3504
	3077
	2616
	2261
	2051
	1707
	2773

	T2
	4161
	3791
	3219
	2855
	2505
	2191
	1918
	2948

	Mean
	4161
	3666
	3148
	2735
	2388
	2121
	1812
	2861

	P × C interaction

	
	P0
	P1
	P2
	P3
	P4
	P5
	P6
	Mean

	C1
	4161
	3417
	2966
	2582
	2202
	1959
	1616
	2700

	C2
	4161
	3915
	3329
	2889
	2563
	2283
	2008
	3021

	Mean
	4161
	3666
	3148
	2735
	2388
	2121
	1812
	2861

	C × T interaction

	
	T1
	T2
	Mean

	C1
	2621
	2780
	2700

	C2
	2925
	3117
	3021

	Mean
	2773
	2948
	2861

	
	P
	C
	T
	P × C
	C × T
	P × T
	P × C × T

	SEd
	34.73
	18.56
	18.56
	49.11
	26.25
	49.11
	69.46

	CD (P = 0.05)
	69.58
	37.19
	37.19
	98.4
	NS
	98.4
	NS


(C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)

Figure 1. Effect of period of storage, container and treatment on protein content (%) of sword bean cv. KAU cg101

[image: ]
(C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)

Figure 2. Effect of period of storage, container and treatment on electrical conductivity of seed leachate (dS m-1) of sword bean cv. KAU cg101


[image: ]
(C1- Cloth bag, C2- Polythene bag 700- gauge, T1- Control, T2 – Carbendazim)
Conclusion
Storage environment plays a crucial role in determining the longevity and quality of sword bean seeds. The study clearly reveals that seeds stored in 700 gauge polyethylene bags (C2) retained significantly better physiological and biochemical seed quality than those stored in cloth bags (C1). Moreover, seed treatment with carbendazim at 2 g kg⁻¹ (T2) improved storability by reducing moisture absorption, maintaining membrane integrity and enhancing protein preservation. Among all combinations, C2T2 (polyethylene bag + carbendazim) was the most effective in maintaining seed vigour and viability during six months of ambient storage. Therefore, adoption of fungicide treatment and moisture-resistant containers is recommended for sword bean seed storage to ensure prolonged shelf life and field performance

Ethical issues: None. 
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