



Improving Rice Seed Longevity: Impact of Storage Containers, Conditions and Seed Moisture during Storage 
ABSTRACT
A study was conducted to observe the trend in rice seed deterioration when seeds were stored in various packaging materials and kept in ambient conditions alongside refrigerated conditions. Seeds were stored in different containers and conditions like S1: Cloth bag in desiccator, S2: Aluminium foil packet, S3: Brown paper packet, S4: Earthen pot, S5: 700-gauge polythene packet, S6: Cloth bag, S7: Polythene packet in Refrigerator. Germination percentage declined with increasing storage duration due seed senescence. All storage containers and conditions maintained the required germination (80%) up to nine months of storage. However, certain containers and storage conditions only manage to maintain germination slightly more than 80% upto nine months of storage, and there was a chance that lengthening the storage period in those containers would result in a reduction in germination percentage from minimum seed certification standard. Though when germination potential, time to 50% germination, mean germination time, germination index, germination energy, average length of seedling (cm), fresh weight seedling-1(mg), dry weight seedling-1 (mg) and vigour index were taken into account all together, it was found that seeds could be stored for up to nine months and longer (i.e., for long-term storage) in a refrigerator, desiccator, 700-gauge polythene packet and an aluminium foil packet because they maintained their higher quality over the course of storage and seed storage with other containers like brown paper packet and cloth bag, leads to faster deterioration of seed quality as they were water and vapour permeable containers.
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INTRODUCTION

During storage, rice seeds undergo different levels of degradation that lead to a loss in vigour and viability during storage. The basic goal of seed storage is to maintain the quality of the seed from one season to the next (Tan et al., 2025). The most important factors influencing seed lifetime are storage temperature and moisture content, with moisture level typically having a greater impact than temperature (Choudhury and Bordolui, 2023). Crop genotype, initial seed quality, storage containers and environmental conditions are a few variables that may affect storability (Tianshun et al., 2024). According to several types of research, storage containers had a long-term impact on the viability and germination of seeds (Gupta et al., 2024). The durability of the packaging materials is crucial in increasing the duration of storage for the seeds (Bordolui et al., 2021). The storability of seeds will be enhanced by the moisture-proof containers which have the ability to stop the interchange of moisture with the surroundings (Ray and Bordolui, 2022). Viability and seedling vigour were strongly impacted by the packaging container and time spent in storage (Rao et al., 2006; Chakraborty et al., 2020). To ensure an adequate level of germination and viability, seeds must be carefully stored and primed prior to planting (Kundu and Bordolui, 2025). More people are becoming aware of the time and money savings that can be made by storing precious seed stocks in appropriate moisture-proof containers.
MATERIALS AND METHODS

Freshly harvested seeds were collected from the control plot and the effect of seed deterioration pattern during storage was observed in different storing containers and conditions for three months intervals in the Seed Laboratory, Department of Seed Science & Technology, Faculty of Agriculture, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, following Complete Randomized Design with three replications. Statistical analysis was done according to Sheoran et al. (1998). After harvesting, the seeds were properly cleaned and dried to achieve a safe moisture content of about 8.11%. Seeds were stored in different containers and conditions as S1: Cloth bag in desiccator, S2: Aluminium foil packet, S3: Brown paper packet, S4: Earthen pot, S5: 700-gauge polythene packet, S6: Cloth bag, S7: Polythene packet in Refrigerator. For evaluation of deterioration pattern during storage, different parameters like germination percentage, time to 50% germination, mean germination time, germination index, germination energy, root length of seedling (cm), shoot length of seedling (cm), average length of seedling (cm), fresh weight seedling-1(mg), dry weight seedling-1 (mg), vigour index I and Vigour index II, were recorded and moisture content of seed (%). 
Germination percentage: After fourteen days, the petridishes were taken out from the germinator and the numbers of germinated and ungerminated seeds were counted and the germination percentage was determined using the following formula. Germination %= Number of normal seedlings X 100/ Total number seeds.
Time to 50% germination (T50​): Following the AOSA approach, the number of seeds that germinated each day was counted. Using the following formula from Coolbear et al. (1984), which was modified by Farooq et al. (2005) the time to reach 50% germination (T50) was counted: T50= ti + {(N / 2 - ni) × (tj - ti)} / (nj - ni)
Where, N= the final number of seeds that germinated and ni, nj are the total number of seeds germinated by adjacent counts at times ti and tj when ni< N/2 <nj.

Mean germination time (MGT): By using the equation given by Ellis and Roberts (1981) MGT, or mean germination time, was computed. MGT = Σ (n × d) / Σn
Here, “n” is equal to the number of seeds that emerged on day “d” and “d” is the number of days counted from the start of the test.
Germination Index (GI): The following formula was used to compute the germination index (GI) according to the procedure outlined in the Association of Official Seed Analysts' handbook (AOSA, 1983): GI = Σ (Gi / Di), for i = 1 to n
Germination Energy (GE): The energy of germination (GE) was measured on the fourth day after the initiation of the experiment.  In relation to the total number of seeds tested, it is the percentage of seeds that germinated four days after the start of the test (Ruan et al., 2002).

Seedling Parameters: The root and shoot lengths of ten seedlings were measured in the lab using the glass plate method 14 days after germination using a scale and graph paper. After that, the average length was determined and given in centimeters (cm). A digital balance was used to determine the fresh weight of ten seedlings. The seedlings were weighed using a digital balance after being dried in a hot air oven at 80 degrees Celsius for two hours. Both the fresh and dry weights of the seedlings were expressed in grams (g).
Vigour Index I: Using the method provided by Abdul Baki and Anderson in 1973, the seedling vigour index I (SVI-I) was calculated. SVI-I = Germination (%) x Average seedling length (cm)

Vigour Index II: Seedling vigour index II (SVI-II) was calculated by multiplying germination percentage and seedling dry weight and expressed in the whole number as proposed by Abdul-Baki and Anderson (1973). SVI-II = Germination (%) × Mean seedling dry weight (mg)

Moisture content (%) determination: To determine the seed moisture content of freshly harvested seeds and the seeds stored in containers through the storage period the high constant temperature oven method by ISTA was used. Seed moisture content was determined using the following formula: Moisture content = (M2 - M3) / (M2 - M1) × 100
Here, M1= Combined weight of the empty container with its cover (g), M2= Weight of the container before drying, including the cover and seed material (g), M3= Weight of the container after drying, including the lid and the seed material (g).
RESULTS AND DISCUSSION

Immediately after harvesting, seeds from the control plots were processed and tested for their germination parameters, seedling properties and moisture content. Just before storage, germination percentage was 93.50 and germination index, Time to 50% germination, mean germination time and germination energy were 41.13, 1.795 days, 2.352 days and 93.16% respectively (Table 1). The average seedling length was noted to be 21.03 cm with shoot length of 8.19 cm and root length of 12.84 cm. The vigour index I for the seedling was 1966.58. The average fresh weight and dry weight of seedling were 46.346 mg. and 7.711 mg respectively. Vigour index II was calculated to be 720.98. At the time of storage, the seeds moisture content was same in different containers i.e., 8.11 %.
Table 1: Germination parameters, seedling parameters, vigour and moisture content of seed at just before storage

	Sl. No.
	Parameters
	Values just before storage 

	1.
	Germination percentage (%)
	93.50

	2.
	Germination Index (GI)
	41.13

	3.
	Time to 50% germination (days)
	1.795

	4.
	Mean Germination Time(days)
	2.352

	5.
	Germination Energy (%)
	93.16

	6.
	Shoot Length(cm)
	8.19

	7.
	Root Length(cm)
	12.84

	8.
	Seedling Length(cm)
	21.03

	9.
	Vigour Index I
	1966.58

	10.
	Fresh weight (mg seedling-1)
	46.35

	11.
	Dry weight (mg seedling-1)
	7.71

	12.
	Vigour Index II
	720.98

	13.
	Moisture content (%)
	8.11


Germination percentage
When the average was taken over the storage containers, the duration of storage showed a significant variation in the case of germination percentage (Table 2). A diminishing mode was observed for the average germination (%) with the progress of storage periods. The highest value was noted after three months of storing period (D1) (91.32 %) and the lowest for after nine months of storing period (D3) (87.92 %). Similar decreasing trend of germination (%) with the progress of storage period was reported by Kartoori and Patil (2018) in onion and by Kumari et al., (2017) in winter flower. The storage containers showed significant variation of germination potential when the average was taken over the storage duration. The highest germination percentage was noted for S7 (91.94 %) followed by S1, S5 and S2; although, S1, S5 and S2 showed non-significant difference among them. Similar trend was reported by Moharana et al., (2017). The combined effect of storage duration and storage containers, significant variation was observed for this parameter. The highest germination percentage was noted in D1S7 (92.83%) followed by D1S1, D1S5 and D1S2, though they all showed statistically similar values. The lowest value was observed for D3S6 (82.92 %).

Table 2: Influence of different containers and conditions throughout the storage period on germination percentage
	Storage containers (S)
	Germination percentage (transformed value)

	
	D1
	D2
	D3
	Mean S

	S1 
	92.25 (73.82) 
	91.500(73.02) 
	90.33 (71.86) 
	91.36 (72.90) 

	S2 
	92.00 (73.54) 
	91.17 (72.69) 
	89.67 (71.23) 
	90.94 (72.48) 

	S3 
	89.92 (71.46) 
	88.25 (69.93) 
	84.58 (66.85) 
	87.58 (69.41) 

	S4 
	90.75 (72.27) 
	88.50 (70.16) 
	86.67 (68.56) 
	88.64 (70.329) 

	S5 
	92.00 (73.54) 
	91.25 (72.77) 
	90.25 (71.77) 
	91.17 (72.70) 

	S6 
	89.50 (71.07) 
	87.08 (68.91)
	82.92 (65.56) 
	86.50 (68.51) 

	S​7
	92.83 (74.45) 
	92.00 (73.55) 
	91.00 (72.52) 
	91.94 (73.51) 

	Mean D
	91.32 (72.87) 
	89.96 (71.58) 
	87.92 (69.76) 
	

	
	S
	D
	S x D

	SEm (±)
	0.18
	0.12
	0.32

	LSD (0.01)
	0.53
	0.34
	0.91

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


 Germination Index (GI)
Table 3 revealed that the germination index or the speed of germination significantly varied for storage duration over the storage containers. The highest value was recorded for D1 (38.29) which gradually decreased with the advancement of storage period and the lowest value was observed for D3 (36.25). When the average was made over the duration, storage containers showed a significant variation for this parameter. The highest value was observed in S7 (40.44) followed by S1, S5 and S2. While considering the combined effect of storage duration and storage containers, significant variation was observed for germination index. Here the highest value was noted for D1S7 (41.05) followed by D1S1, D1S5 and the lowest value was observed for D3S6 (32.73).
Table 3: Influence of different containers and conditions throughout the storage period on germination index 
	Storage containers (S)
	Germination Index (GI)

	
	D1
	D2
	D3
	Mean S

	S1 
	40.09
	39.58
	38.42
	39.36

	S2 
	37.88
	38.14
	36.83
	37.62

	S3 
	36.53
	35.53
	33.72
	35.26

	S4 
	37.31
	36.35
	34.51
	36.06

	S5 
	39.03
	38.40
	37.62
	38.35

	S6 
	36.16
	34.65
	32.73
	34.51

	S​7
	41.05
	40.36
	39.92
	40.44

	Mean D
	38.29
	37.57
	36.25
	

	
	S
	D
	S x D

	SEm (±)
	0.15
	0.10
	0.26

	LSD (0.01)
	0.43
	0.28
	0.75

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Time to 50% germination (days)      
When the average was taken over the storage containers, it can be seen from Table 4 that time to 50% germination was significantly varied the storage duration. The lowest value was recorded for D1 (1.886 days) which gradually increased with the furtherance of storage duration, although D1 and D2 showed statistically similar values. The highest value was observed for D3 (1.930 days). When an average was made over the duration, storage containers showed a significant variation for this trait. The lowest value was observed in S7 (1.812 days) preceded by S1, S5 and S2. Among them, non-significant difference was observed between S7, S1 and S2, S5. Highest value was seen for S6 (2.003 days). While considering the interaction of storage period and storage containers, non-significant variation was recorded in this parameter. Although with the advancement of storage period, an increasing direction in the values of time to 50% germination could be observed.

Table 4: Influence of different containers and conditions throughout the storage period on time to 50% germination (days) 
	Storage containers (S)
	Time to 50% germination (days)

	
	D1
	D2
	D3
	Mean S

	S1 
	1.819
	1.821
	1.851
	1.831

	S2 
	1.892
	1.885
	1.921
	1.899

	S3 
	1.943
	1.983
	2.021
	1.982

	S4 
	1.919
	1.942
	1.960
	1.940

	S5 
	1.857
	1.880
	1.903
	1.880

	S6 
	1.970
	1.992
	2.047
	2.003

	S​7
	1.801
	1.813
	1.822
	1.812

	Mean D
	1.886
	1.902
	1.932
	

	
	S
	D
	S x D

	SEm (±)
	0.013
	0.009
	0.023

	LSD (0.01)
	0.039
	0.025
	N/A

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Mean Germination Time (days)

The mean germination time was significantly varied in storage duration when the average was taken over the storage containers. Table 4. showed the lowest value was recorded for D1 (2.523 days) and the highest value was observed for D3 (2.627 days) for this parameter. When the average was made over the duration of storage, containers showed a significant variation for this trait. S7 (2.424 days) noted the lowest value preceded by S1, S5 and S2. While the interaction effect of storage duration and storage containers, significant variation was also observed for mean germination time. Here the lowest value was noted for D1S7 (2.388 days) preceded by D1S1, D1S5. Though D1S7 and D1S1 were statistically similar. On the other hand, the highest value was observed for D3S6 (2.859 days).
Table 5: Influence of different containers and conditions throughout the storage period on mean germination time (days) 
	Storage containers (S)
	Mean Germination Time(days)

	
	D1
	D2
	D3
	Mean S

	S1 
	2.416
	2.440
	2.484
	2.447

	S2 
	2.563
	2.557
	2.617
	2.579

	S3 
	2.614
	2.673
	2.768
	2.685

	S4 
	2.576
	2.628
	2.657
	2.620

	S5 
	2.451
	2.526
	2.550
	2.509

	S6 
	2.650
	2.723
	2.859
	2.744

	S​7
	2.388
	2.430
	2.454
	2.424

	Mean D
	2.523
	2.568
	2.627
	

	
	S
	D
	S x D

	SEm (±)
	0.008
	0.005
	0.014

	LSD (0.01)
	0.023
	0.015
	0.040

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Germination Energy (%)

During different storage duration, germination energy (%) showed significant variation when the average was made upon different storage containers and with increased storage time it gradually declined. Table 6 clearly depicted that D1 (91.06 %) noted the highest value while the lowest was recorded for D3 (86.71 %). When the average was taken over the duration of storage, significant results were shown by the storage containers in this trait. Highest value was shown by S7 (91.89 %) followed by S1, S5 and S2, although the non-significant difference was observed among the followers. S6 (84.19 %) recorded the lowest value which was preceded by S3 and S4. The interaction of the storage containers and period of storage varied significantly and the highest value was observed for D1S7 (92.83 %) followed by D1S1, D1S5 and D1S2, although non-significant difference was observed between the followers. The lowest value was shown by D3S6 (78.75 %).

Table 6: Influence of different containers and conditions throughout the storage period on germination energy (%) 
	Storage containers (S)
	Germination Energy (%)

	
	D1
	D2
	D3
	Mean S

	S1 
	92.17
	91.48
	89.92
	91.19

	S2 
	91.83
	91.17
	89.42
	90.81

	S3 
	89.25
	88.08
	82.83
	86.72

	S4 
	90.50
	88.33
	85.17
	88.00

	S5 
	91.92
	91.08
	90.08
	91.03

	S6 
	88.91
	84.92
	78.75
	84.19

	S​7
	92.83
	92.00
	90.83
	91.89

	Mean D
	91.06
	89.58
	86.71
	

	
	S
	D
	S x D

	SEm (±)
	0.22
	0.14
	0.38

	LSD (0.01)
	0.62
	0.41
	1.08

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Shoot length (cm)

             Table 7 showed that, over the advancement of the storage span, the shoot length of the seedlings showed a decreasing trend irrespective of containers. Duration over the containers showed a significant variation in case of shoot length of seedlings. Maximum shoot length was observed in D1 (7.76 cm) followed by D2​ and minimum was noted for D3 (7.31 cm). Significant variation was shown by storage containers when the average was taken over stages of storage; where the highest value was noted for S7 (7.83 cm) which was followed by S1, S5, S2 and S4. But non-significant value was observed between S1, S5 and S2. The interlinkage of storage containers and duration of storage also showed significant results. D1S2 recorded the longest shoot length (8.11 cm) followed by D1S7, D1S5 and D1S1. A non-significant difference was observed between D1S2, D1S7 and D1S5. The shortest shoot length was observed for D3S6 (6.85 cm) preceded by D3S3 and D3S4. Venge et al. (2016) in soybean got a similar type of results as well as Patel et al. (2017) while working on onion, regarding the root and shoot length of seedlings during storage.
Table 7: Influence of different containers and conditions throughout the storage period on shoot length(cm) of seedling 
	Storage containers (S)
	Shoot Length(cm)

	
	D1
	D2
	D3
	Mean S

	S1 
	7.89
	7.64
	7.64
	7.73

	S2 
	8.11
	7.45
	7.35
	7.64

	S3 
	7.54
	7.30
	7.03
	7.29

	S4 
	7.62
	7.28
	7.29
	7.40

	S5 
	7.99
	7.73
	7.42
	7.71

	S6 
	7.12
	6.98
	6.85
	6.98

	S​7
	8.02
	7.85
	7.61
	7.83

	Mean D
	7.76
	7.46
	7.31
	

	
	S
	D
	S x D

	SEm (±)
	0.03
	0.02
	0.056

	LSD (0.01)
	0.09
	0.06
	0.16

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Root length (cm)
        During different storage duration, seedling root length showed significant variation when the average was made upon different storage containers. D1 showed the longest root length (12.49 cm) and the lowest was recorded for D3 (11.75 cm) (Table 8).  While considering the average over the duration of storage, significant results were shown by the storage containers in case of root length of seedling. It was recorded longest in S7 (12.46 cm) followed by S1, S5 and S2. The results shown by these containers were statistically at par. The shortest root length was observed in S6 (11.64 cm) preceded by S4 and S3, though S4 and S5 were statistically non-significant. Non-significant variation in the results for the characteristic was seen even taking the combined impact of storage periods and storage containers into account. The highest value was detected for D1S7 (12.75 cm) and the lowest value was noted for D3S6 (11.10 cm). The outcome is consistent with Geetanjali et al. (2019), who found that longer seedling roots were produced when onion seeds were stored in commercial storage conditions at 70​C temperature.

Table 8: Influence of different containers and conditions throughout the storage period on root length (cm) of seedling 
	Storage containers (S)
	Root Length(cm)

	
	D1
	D2
	D3
	Mean S

	S1 
	12.69
	12.50
	12.08
	12.43

	S2 
	12.61
	12.35
	11.98
	12.31

	S3 
	12.25
	11.99
	11.31
	11.85

	S4 
	12.27
	11.87
	11.43
	11.86

	S5 
	12.72
	12.40
	12.13
	12.42

	S6 
	12.16
	11.67
	11.10
	11.64

	S​7
	12.75
	12.41
	12.21
	12.46

	Mean D
	12.49
	12.18
	11.75
	

	
	S
	D
	S x D

	SEm (±)
	0.05
	0.03
	0.09

	LSD (0.01)
	0.16
	0.10
	NS

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Seedling length (cm)
Over the storage containers, the mean value of storage duration showed significant variation for this trait (Table 9); the longest seedling was distinguished for D1(20.25 cm) followed by D2 and the shortest was recorded for D3 (19.07 cm). Significant variation was shown by storage containers when the average was taken over the duration of storage; where the longest seedling was acclaimed for S7 (20.28 cm) followed by S1, S5, S2 and S4. Although S7, S1 and S5 noted statistically similar values. While the lowest value was observed for S6 (18.63 cm) preceded by S3 and S4, although the results shown by S3 and S4 were statistically at par. The reciprocity effect of containers and duration, the results showed non-significant variation. Even though longest seedling was recorded for D1S7 (20.77 cm) and the shortest was in D3S7 (17.95 cm). This was agreeing with studies by Venge et al. (2016) on soybean seeds and Geetanjali et al. (2019) on onion seeds, regarding longer roots and shoots of seedlings.
Table 9: Influence of different containers and conditions throughout the storage period on seedling length (cm) 
	Storage containers (S)
	Seedling Length(cm)

	
	D1
	D2
	D3
	Mean S

	S1 
	20.58
	20.14
	19.74
	20.16

	S2 
	20.72
	19.80
	19.33
	19.95

	S3 
	19.79
	19.29
	18.34
	19.14

	S4 
	19.89
	19.15
	18.73
	19.26

	S5 
	20.71
	20.13
	19.55
	20.13

	S6 
	19.28
	18.65
	17.95
	18.63

	S​7
	20.77
	20.26
	19.83
	20.28

	Mean D
	20.25
	19.63
	19.07
	

	
	S
	D
	S x D

	SEm (±)
	0.07
	0.04
	0.12

	LSD (0.01)
	0.20
	0.13
	NS

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Vigour Index I
 Table 10 revealed that storage duration over containers, the vigour index varied significantly; the highest was calculated for D1 (1849.73) and over the period it declined. The storage containers also showed a significant result over the period of storage. The highest value was noted for S7 (1865.46) followed by S1, S5 and S2. Although S1, S5 and S5, S2 were statistically at par. The combined effect of containers and duration showed significant variation for this trait. The highest vigour index I was noted for D1S7 (1927.79), and the lowest vigour was observed for D3S6 (1488.27) preceded by D3S3 and D3S4. A similar type of result was achieved by Basavegowda et al. (2013) in chickpea seeds stored in commercial storage at 5-70C and 65% relative humidity. Das et al. (1998) revealed that the lower rate of respiration and metabolic changes in seeds during cold storage are the main reasons for higher vigour than conventional storage containers in rajmah seeds. For maintaining superior quality seeds with regard to germination potential and vigour index, Ray and Bordolui (2020) advised to store seeds of marigold in refrigerators putting in polythene packets.
Table 10: Influence of different containers and conditions throughout the storage period on Vigour Index I of seedlings 
	Storage containers (S)
	Vigour Index I

	
	D1
	D2
	D3
	Mean S

	S1 
	1,899.04
	1,843.18
	1,783.10
	1,841.77

	S2 
	1,906.25
	1,805.21
	1,733.02
	1,814.83

	S3 
	1,779.14
	1,702.35
	1,551.28
	1,677.59

	S4 
	1,805.30
	1,694.51
	1,622.89
	1,707.57

	S5 
	1,905.03
	1,836.88
	1,764.66
	1,835.52

	S6 
	1,725.52
	1,624.03
	1,488.27
	1,612.61

	S​7
	1,927.79
	1,864.30
	1,804.28
	1,865.46

	Mean D
	1,849.73
	1,767.21
	1,678.22
	

	
	S
	D
	S x D

	SEm (±)
	7.38
	4.83
	12.78

	LSD (0.01)
	21.13
	13.83
	36.60

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Fresh weight (mg seedling-1)
Durations had a significant effect in case of fresh weight of seedlings when an average was made over all the storage containers (Table 11). The highest value was recorded for D1 (45.14 mg) which decreased over the period and obtained the minimum value of 43.45 mg in D3. Significant variations by the storage containers were seen when an average was made over the period of storage. In that case, the highest fresh weight was observed for S7 (45.58 mg) followed by S1, S5 and S2. Among them, results shown by S7 and S1 were statistically similar. The lowest value for seedling fresh weight was noted for S6 (42.80 mg.), preceded by S3 and S4, although S3 and S4 were statistically similar. The results were in conformity with the findings of Kandil et al. (2013) in soybean and Bordolui et al., 2015 in rice. The combined effect of the storage containers and duration of storage showed non-significant variation for this trait. But the highest fresh weight was shown by D1S7 (46.16 mg.) and the lowest was observed for D3S6 (42.17 mg).

Table 11: Influence of different containers and conditions throughout the storage period on fresh weight (mg seedling-1) 
	Storage containers (S)
	Fresh Weight (mg seedling-1)

	
	D1
	D2
	D3
	Mean S

	S1 
	46.03
	45.55
	44.19
	45.26

	S2 
	45.28
	44.36
	43.67
	44.43

	S3 
	44.29
	43.81
	42.36
	43.49

	S4 
	44.59
	44.05
	42.79
	43.81

	S5 
	45.59
	45.02
	44.07
	44.90

	S6 
	44.01
	42.23
	42.17
	42.80

	S​7
	46.16
	45.66
	44.92
	45.58

	Mean D
	45.14
	44.38
	43.45
	

	
	S
	D
	S x D

	SEm (±)
	0.15
	0.10
	0.27

	LSD (0.01)
	0.44
	0.29
	NS

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Dry weight (mg seedling-1)
The average over the containers, the duration of storage varied significantly in dry weight of seedling (Table 12). The highest value was observed for D1 (7.50 mg) and the lowest was observed for D3 (7.22 mg.). The effect of different storage containers over the period of storage showed significant variation. Here maximum value was noted for S7 (7.58 mg) followed by S1, S5 and S2, although non-significant differences could be observed between S1 and S5. In sesame, Kavitha et al. (2017) found similar type of results. When considering the combined effect of storage containers and period of storage, non-significant results were obtained.

Table 12 Influence of different containers and conditions throughout the storage period on dry weight (mg seedling-1) 
	Storage containers (S)
	Dry Weight (mg seedling-1)

	
	D1
	D2
	D3
	Mean S

	S1 
	7.63
	7.52
	7.32
	7.49

	S2 
	7.53
	7.26
	7.22
	7.34

	S3 
	7.37
	7.29
	7.07
	7.24

	S4 
	7.42
	7.33
	7.12
	7.29

	S5 
	7.59
	7.53
	7.30
	7.47

	S6 
	7.28
	7.03
	7.02
	7.11

	S​7
	7.68
	7.60
	7.46
	7.58

	Mean D
	7.50
	7.37
	7.22
	

	
	S
	D
	S x D

	SEm (±)
	0.02
	0.02
	0.04

	LSD (0.01)
	0.07
	0.05
	NS

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


4.3.12. Vigour Index II
Table 13 revealed a significant variation in duration when average was calculated over the storage containers. The highest vigour index II was noted for D1 (685.12) which declined over the storage period and attained the minimum value of 634.86 for D3. Significant variation observed in the case of storage containers while the average was taken over the storage duration. Here the highest value was recorded for S7 (697.21) followed by S1, S5 and S2, although S1 and S5 showed statistically similar results. The interaction of storage period and containers noted significant variations of vigour index II. The most vigorous seedling was shown by D1S7 (712.97) followed by D1S1 and D1S5, although they were statistically at par. The lowest value was observed in the case of D3S6 (581.75).
Table 13: Influence of different containers and conditions throughout the storage period on Vigour Index II of seedling 
	Storage containers (S)
	Vigour Index II

	
	D1
	D2
	D3
	Mean S

	S1 
	704.49
	688.07
	661.22
	684.59

	S2 
	693.06
	661.84
	647.70
	667.53

	S3 
	662.68
	643.38
	598.29
	634.78

	S4 
	673.37
	648.67
	617.05
	646.37

	S5 
	697.97
	687.09
	658.82
	681.29

	S6 
	651.26
	611.89
	581.75
	614.97

	S​7
	712.97
	699.48
	679.18
	697.21

	Mean D
	685.12
	662.92
	634.86
	

	
	S
	D
	S x D

	SEm (±)
	2.42
	1.58
	4.19

	LSD (0.01)
	6.94
	4.54
	12.01

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


Moisture percentage

         The moisture content varied significantly on duration of storage over containers (Table 14). Higher moisture content leads to quick degradation of seed quality. The highest moisture content was noted at the end of 9 months (D3) of storage (9.76 %) followed by D2 and D1 as seed is hygroscopic nature. But some cases, increasing rate is very less; it is due to moisture and vapour proof condition. When the average was taken upon the duration of storage, storage containers also showed significant results. Among all the containers S1 (8.11 %) showed the lowest moisture content over the period of storage, which was followed by S7, S5 and S2, although they all were statistically similar. The result was similar to the findings of Chowdhury et al. (1990) that lentil seeds should be stored in moisture-proof containers. The interaction of storage containers and duration of storage was varied significantly. The highest moisture content was noted for D3S6 (12.83%) followed by D3S3 and D3S4 while the lowest value was observed for D2S1 (8.10 %).

Table 14: Variation of seed moisture content during storage
	Storage containers (S)
	Moisture content (%)

	
	D1
	D2
	D3
	Mean S

	S1 
	8.11
	8.10
	8.12
	8.11

	S2 
	8.13
	8.15
	8.27
	8.18

	S3 
	9.08
	10.63
	12.12
	10.61

	S4 
	8.86
	9.64
	10.68
	9.77

	S5 
	8.11
	8.13
	8.20
	8.18

	S6 
	9.36
	10.87
	12.83
	11.02

	S​7
	8.12
	8.12
	8.14
	8.13

	Mean D
	8.54
	9.09
	9.76
	

	
	S
	D
	S x D

	SEm (±)
	0.02
	0.02
	0.04

	LSD (0.01)
	0.07
	0.05
	0.12

	Here: S= Storage containers and conditions, S1 = Seeds stored in Cloth bags inside desiccator, S2 = Seeds stored in Al foil pouches, S3​ = Seeds stored in brown paper packets, S4 = Seeds stored in earthen pots, S5 = Seeds stored in 700 gauge polythene packets, S6 = Seeds stored in cloth bags, S7 = Seeds stored in polythene packets in refrigerator, D =Period of storing seeds, D1 = Three months of storing period, D2 = Six months of storing period, D3 = Nine months of storing period.


CONCLUSION

Germination percentage showed a declining trend with the advancement of the storage period. All the storage containers and condition maintained prescribed germination (80%) as per minimum seed certification standard (MSCS) of rice upto nine months as the initial seed quality was highly vigour seed. But some containers and condition retain germination just 80% at nine months after storage and there is a chance to lower germination from MSCS after increasing storage span; hence, different conditions under consideration may be recommended for storing of rice seeds as all were maintaining minimum seed certification standard (MSCS). But Joint consideration of germination potential and vigour index indicate that seed storage within refrigerator as well as in 700-gauge polythene packet and aluminium foil packet may be up to nine months and more than that (i.e., for long-term storage) as they maintained its higher quality. On the other hand, seed stored in other containers like brown paper packet and cloth bag, seed quality deteriorated faster as they are water and vapour permeable containers. Furthermore, the results demonstrated that seed storage in water and vapour permeable containers leads to an increase in seed moisture with the increase in storage duration.
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