Enhancing Germination in Recalcitrant Jamun Seeds Through Post-Harvest Treatments and Cold Storage

Abstract
The present investigation was conducted during 2024–2025 at the Experimental Farm, School of Agriculture, Galgotias University, to evaluate the effect of storage conditions and container treatments on the viability and germination of Jamun (Syzygium cumini Skeels) seeds. The experiment was laid out in a Factorial Completely Randomized Design (FCRD) with two storage conditions (ambient, 25–30°C; cold, 5°C) and six container treatments: polybag, polybag + charcoal powder (20 g/kg seed), polybag + carbendazim (2 g/kg seed), polybag + sawdust (0.5 kg/kg seed), polybag + Trichoderma harzianum (10 g/kg seed), and paper bag (control). Observations were recorded at 0, 15, 30, 45, 60, 75, and 90 days after extraction (DAE) for germination initiation, 50% germination, complete germination, and germination percentage.Results revealed that cold-stored seeds treated with polybag + Trichoderma harzianum and polybag + carbendazim consistently outperformed other treatments, showing the earliest germination initiation (13.99 and 14.47 days, respectively), fast est 50% germination (15.79 and 16.74 days), and highest germination percentage (82.45% and 83.76% at 0 DAE, maintaining 75.66% and 78.56% at 90 DAE). Ambient-stored seeds, particularly in paper bags and sawdust, showed rapid decline in viability, failing to germinate after 45 DAE. The findings highlight the importance of low-temperature storage combined with protective seed treatments in expending the viability and improving germination performance of recalcitrant Jamun seeds.
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1. Introduction
The Myrtaceae family includes the economically and medicinally significant tropical fruit species known as jamun (Syzygium cumini (L.) Skeels), which is grown extensively throughout South and Southeast Asia (Qamar et al., 2022). Jamun has recently attracted increased scientific and commercial interest due to its strong antioxidant capacity, antidiabetic qualities, and growing demand in the functional food and nutraceutical industries (Singh et al., 2022; Mulkalwar et al., 2021). However, the low storability of its seeds poses significant limitations to the conservation and large-scale nursery production of superior germplasm.
Jamun seeds have a limited shelf life, a high moisture content at maturity, and a sensitivity to desiccation. According to recent research on recalcitrant seeds, oxidative stress and ongoing metabolic activity cause physiological aging to start right after harvest, significantly reducing storage lifetime (Pirredda et al., 2023; Patra, 2025). Similar difficulties have been documented for forest tree species, where nursery production and conservation are hampered by recalcitrant seed behavior (Cai et al., 2025).

The degradation of seeds during storage is a complex process that includes hormonal imbalance, oxidative damage, and membrane instability. Reactive oxygen species and hormone-regulated pathways have a crucial role in controlling seed ageing, dormancy, and germination performance, according to recent studies (Pirredda et al., 2023; Corbineau, 2024). These activities hasten vigor loss, postpone germination, and result in poor seedling establishment when stored in inappropriate circumstances.

The environment and storage temperature have a significant impact on how long seeds have self life . Even in seeds with low desiccation resistance, recent research indicates that low-temperature storage can considerably lower metabolic activity and postpone degradation (Corbineau, 2024; Cai et al., 2025). Short-term cold storage has been shown to prolong the germination window and maintain physiological integrity in resistant species.

Data specific to jamun further confirm its sensitivity to drying and storage. Desiccated and kept for long periods of time, Syzygium cumini seeds quickly lose vitality, validating their refractory classification (Muxfeldt et al., 2024; Muxfeldt et al., 2024). Previous experimental work in India also revealed significant decreases in germination during ambient storage, indicating the need for improved storage methods (Devi et al., 2016).

Integrated studies show that storage temperature, container type, treatment, and length for jamun seeds are still inadequate despite advancements in seed physiology, especially in subtropical nursery environments (Singh, 2022). In order to develop a workable, science-based storage strategy for sustainable propagation and conservation, the current study was conducted to systematically assess the effects of storage environment and container treatments on jamun seed viability and germination behavior.
2. Materials and Methods
The current investigation was conducted in 2024–2025 at the School of Agriculture's Experimental Farm at Galgotias University in Uttar Pradesh, India, to investigate the effects of storage conditions, container treatments, and storage duration on the germination behavior and seed viability of jamun (Syzygium cumini (L.) Skeels). For the experiment, seeds that were fresh, healthy, and of a consistent size were extracted. Six container treatments, and two temperature regimes were used to preserve the seeds: ambient (25–30 °C) and refrigerated (5 °C) were included in the investigation. Factorial Completely Randomized Design (FCRD). each treatment was replicated three times 
Six storage container treatments were assessed for every storage condition, one kg. of seeds were kept in a 300-gauge polybag, 20 g kg⁻¹ of seeds were placed in a polybag with charcoal powder, 2 g kg⁻¹ of seeds were placed in a polybag treated with carbendazim, 0.5 g kg⁻¹ of seeds were placed in a polybag with sawdust, 10 g kg⁻¹ of seeds were placed in a polybag treated with Trichoderma harzianum, and the control was a paper bag (Chart 1).
Chart 1: Experimental Treatments Layout
	Temperature
	Container

	25–30 °C
	Polybag 

	
	Polybag with charcoal powder 

	
	Polybag treated with carbendazim 

	
	Polybag with sawdust 

	
	Polybag treated with Trichoderma harzianum 

	
	Paper bag 

	5 °C
	Polybag 

	
	Polybag with charcoal powder 

	
	Polybag treated with carbendazim 

	
	Polybag with sawdust 

	
	Polybag treated with Trichoderma harzianum 

	
	Paper bag



Following the administration of the appropriate treatments, the seeds were placed in the allocated containers and kept at the specified temperature. Seed samples were taken out at intervals of 0, 15, 30, 45, 60, 75, and 90 days after extraction (DAE) and tested for germination in a nursery setting to determine the impact of storage length. Days before the start of germination, observations were made. The days needed for full germination and days needed to reach 50% germination. After the germination process was finished, the percentage of seeds that germinated with respect to the total number of seeds sowed was calculated and expressed.
3. Results and Discussion
3.1 Germination Initiation
Storage conditions, container treatment, and storage time all had considerable effects on the initial stage of jamun seed germination. Since the seeds was not  subjected to cold storage conditions, no observations were made at 0 DAE. Freshly extracted seeds germinated between 12.00 and 14.00 days under ambient storage; the quickest initiation was seen in polybag + carbendazim (12.00 days) and polybag + Trichoderma harzianum (13.00 days), while the longest delay was observed in paper bag storage (14.00 days). The high initial physiological vigor of recently harvested seeds is reflected in this early response under ambient conditions (Rajjou et al., 2020).
Germination initiation was observed at 15 and 30 DAE in both storage conditions; however, cold-stored seeds exhibited consistently earlier initiation (13.22–16.11 days) than ambient-stored seeds (16.33–19.50 days). In contrast to cold storage, which maintained lower initiation values (19.17 days), ambient-stored seeds showed noticeable delays by 45 DAE (Table 1a ), with mean initiation lasting more than 22.56 days. Because of increased respiration and moisture loss, this divergence suggests accelerated physiological aging under ambient circumstances .
By 60 and 75 DAE, the germination initiation potential of ambient-stored seeds—especially those kept in paper bags and sawdust—was nearly entirely lost. On the other hand, seeds kept in cold storage continued to start germination between 21.44 and 23.83 days. Cold-stored seeds treated with carbendazim (23.67 days) and Trichoderma (26.67 days) were still able to start germination even at 90 DAE, but ambient-stored seeds were unable to do so at longer storage times (Table 1b). Reduced metabolic activity, enhanced membrane stability, and postponed oxidative degradation may all contribute to the extended initiation capacity under cold storage, maintaining the physiological integrity of seeds during storage (Pirredda et al., 2023; Corbineau, 2024; Cai et al., 2025).

They inhibit seed-borne pathogens and preserve metabolic activity, trichoderma and carbendazim function better at lower temperatures (Devi et al., 2016). On the other hand, ambient-stored seeds rapidly lost viability, which is in line with how  seeds behave .








Table 1a: Impact of various treatments on germination initiation under various storage conditions
		Treatments
	0 days
	15 days
	30 days
	45 days

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag)
	0.00
	14.00
	7.00
	14.00
	17.00
	15.50
	17.33
	19.67
	18.50
	20.33
	22.33
	21.33

	T2 (Polybag + Charcoal powder)
	0.00
	13.33
	6.67
	13.00
	15.33
	14.17
	15.00
	17.67
	16.33
	18.33
	20.67
	19.50

	T3 (Polybag  + Carbendazium)
	0.00
	12.00
	6.00
	11.00
	14.67
	12.83
	13.33
	18.33
	15.83
	16.33
	21.67
	19.00

	T4(Polybag + Saw dust)
	0.00
	14.00
	7.00
	14.00
	17.33
	15.67
	17.67
	21.33
	19.50
	20.67
	24.33
	22.50

	T5 (Polybag +Trichoderma harzianum)
	0.00
	13.00
	6.50
	12.00
	15.67
	13.83
	14.67
	18.33
	16.50
	17.67
	21.67
	19.67

	T6(Paper bag)
	0.00
	14.00
	7.00
	15.33
	18.00
	16.67
	18.67
	21.67
	20.17
	21.67
	24.67
	23.17

	Mean
	0.00
	13.39
	6.69
	13.22
	16.33
	14.78
	16.11
	19.50
	17.81
	19.17
	22.56
	20.86

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	0.272
	0.157
	0.385
	0.347
	0.200
	0.491
	0.226
	0.130
	0.319
	0.236
	0.136
	0.333

	CD at 5%
	NS
	0.461
	NS
	1.019
	0.588
	NS
	0.663
	0.383
	0.937
	0.692
	0.400
	0.979







Table 1b: Impact of various treatments on germination initiation under various storage conditions (contd.)
	Treatments
	60 days
	75 days
	90 dasy

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag)
	21.33
	23.33
	22.33
	24.33
	0.00
	12.17
	0.00
	0.00
	0.00

	T2 (Polybag + Charcoal powder)
	20.67
	22.67
	21.67
	22.00
	0.00
	11.00
	27.00
	0.00
	13.50

	T3 (Polybag  + Carbendazium)
	19.67
	24.67
	22.17
	21.33
	30.67
	26.00
	23.67
	28.33
	26.00

	T4(Polybag + Saw dust)
	22.67
	26.67
	24.67
	25.33
	0.00
	12.67
	28.00
	0.00
	14.00

	T5 (Polybag +Trichoderma harzianum)
	20.67
	23.67
	22.17
	23.33
	0.00
	11.67
	26.67
	0.00
	13.33

	T6(Paper bag)
	23.67
	0.00
	11.83
	26.67
	0.00
	13.33
	0.00
	0.00
	0.00

	Mean
	21.44
	20.17
	20.81
	23.83
	5.11
	14.47
	17.56
	4.72
	11.14

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	0.226
	0.130
	0.319
	0.204
	0.118
	0.289
	0.289
	0.167
	0.408

	CD at 5%
	0.663
	0.383
	0.937
	0.599
	0.346
	0.848
	0.848
	0.489
	1.199




3.2 Days to 50% Germination

At 0 DAE, ambient-stored seeds reached 50% germination in 15.00–17.67 days, with polybag + carbendazim (15.00 days) and Trichoderma (15.33 days) performing best. Paper bag storage took the longest (17.67 days). The number of days needed to achieve 50% germination increased gradually with storage duration and was strongly influenced by storage environment.
With mean values of 20.33 and 24.50 days, respectively, the time needed to achieve 50% germination under cold storage at 15 and 30 DAE was much less than that of ambient conditions, which were 23.83 and 27.83 days. While ambient-stored seeds showed a considerable delay (mean of 31.83 days) and inconsistent germination by 45 DAE, cold-stored seeds achieved 50% germination in 27.67 days (Table 2a). According to these findings, low-temperature storage delays physiological aging and promotes quicker and more consistent germination by maintaining metabolic and hormonal coordination (Pirredda et al., 2023; Corbineau, 2024; Cai et al., 2025).

Ambient-stored seeds exhibited severe degradation at 60 DAE, with multiple treatments falling short of 50% germination. Within 30.67 days, 50% of the seeds that were kept in a cold environment germinated. While cold storage maintained 50% germination at 33.39 days, ambient storage produced nearly total failure at 75 DAE. Cold-stored carbendazim-treated seeds demonstrated sustained physiological capability under refrigerated storage, achieving 50% germination in 34.00 days even at 90 DAE(Table 2b). Reduced oxidative stress and enhanced enzymatic stability during imbibition are the reasons for a quicker 50% germination rate in cold environments (El-Maarouf-Bouteau & Bailly, 2021 ).


Table 2a: Impact of various treatments on 50% germination under various storage conditions

	Treatments
	0 days
	15 days
	30 days
	45 days

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag)
	0.00
	17.33
	8.67
	21.00
	25.00
	23.00
	25.00
	29.00
	27.00
	28.00
	33.00
	30.50

	T2 (Polybag + Charcoal powder)
	0.00
	15.67
	7.83
	20.00
	23.00
	21.50
	24.00
	27.00
	25.50
	27.00
	31.00
	29.00

	T3 (Polybag  + Carbendazium)
	0.00
	15.00
	7.50
	17.67
	22.00
	19.83
	22.00
	26.00
	24.00
	25.00
	30.00
	27.50

	T4(Polybag + Saw dust)
	0.00
	16.00
	8.00
	21.67
	25.00
	23.33
	26.00
	29.00
	27.50
	29.00
	33.00
	31.00

	T5 (Polybag +Trichoderma harzianum)
	0.00
	15.33
	7.67
	18.67
	22.00
	20.33
	23.00
	26.00
	24.50
	26.00
	30.00
	28.00

	T6(Paper bag)
	0.00
	17.67
	8.83
	23.00
	26.00
	24.50
	27.00
	30.00
	28.50
	31.00
	34.00
	32.50

	Mean
	0.00
	16.17
	8.08
	20.33
	23.83
	22.08
	24.50
	27.83
	26.17
	27.67
	31.83
	29.75

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	0.215
	0.124
	0.304
	0.373
	0.215
	0.527
	0.408
	0.236
	0.577
	0.408
	0.236
	0.577

	CD at 5%
	0.632
	0.365
	0.893
	1.094
	0.632
	NS
	1.199
	0.692
	NS
	1.199
	0.692
	NS



Table 2b: Impact of various treatments on 50% germination under various storage conditions (contd.)
	Treatments
	60 days
	75 days
	90 dasy

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag)
	31.00
	35.33
	33.17
	34.00
	0.00
	17.00
	0.00
	0.00
	0.00

	T2 (Polybag + Charcoal powder)
	30.00
	34.33
	32.17
	33.00
	0.00
	16.50
	36.00
	0.00
	18.00

	T3 (Polybag  + Carbendazium)
	27.33
	33.00
	30.17
	29.33
	31.67
	30.50
	33.00
	35.00
	34.00

	T4(Polybag + Saw dust)
	32.00
	34.00
	33.00
	35.33
	0.00
	17.67
	36.00
	0.00
	18.00

	T5 (Polybag +Trichoderma harzianum)
	29.00
	34.00
	31.50
	32.00
	0.00
	16.00
	35.00
	0.00
	17.50

	T6(Paper bag)
	34.67
	0.00
	17.33
	36.67
	0.00
	18.33
	0.00
	0.00
	0.00

	Mean
	30.67
	28.44
	29.56
	33.39
	5.28
	19.33
	23.33
	5.83
	14.58

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	0.491
	0.283
	0.694
	0.319
	0.184
	0.451
	0.264
	0.152
	0.373

	CD at 5%
	1.441
	0.832
	2.037
	0.937
	0.541
	1.325
	0.774
	0.447
	1.094




3.3 Days to Complete Germination
Germination completion followed patterns resembling those of the early stages and was strongly influenced by the environment and length of storage. Ambient-stored seeds took 18.33–21.67 days to fully germinate, with the fastest completion times being achieved by Trichoderma (18.33 days) and carbendazim (19.00 days) treatments. The longest amount of time (21.67 days) was needed to store paper bags.
The period to full germination was considerably reduced by cold storage at 15 and 30 DAE (25.17–29.17 days) as opposed to ambient storage (27.67–31.67 days). While cold-stored seeds finished germination in 32.33 days, ambient-stored seeds showed significant delays (mean of 35.67 days) and partial failure by 45 DAE(Table 3a).These differences show that ambient storage conditions are linked to a gradual loss of cellular integrity in stored seeds due to oxidative stress and membrane destabilization (Rajjou et al., 2012; El-Maarouf-Bouteau & Bailly, 2008 ).


The germination of ambient-stored seeds was mostly unsuccessful at 60 and 75 DAE, but cold-stored seeds finished the process in 36.17–39.28 days. Only seeds treated with cold-stored carbendazim attained full germination at 90 DAE (42.33 days)(Table 3b). The maintenance of membrane integrity, mitochondrial function, and regulated metabolic reactivation during imbibition is demonstrated by the capacity of cold-stored seeds to finish germination even after extended storage (Rajjou et al., 2012; Pirredda et al., 2023 )
Table 3a: Impact of various treatments on 100% germination under various storage condition

	Treatments
	0 days
	15 days
	30 days
	45 days

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag)
	0.00
	21.00
	10.50
	26.00
	29.00
	27.50
	30.00
	33.00
	31.50
	33.00
	37.00
	35.00

	T2 (Polybag + Charcoal powder)
	0.00
	20.00
	10.00
	25.00
	27.00
	26.00
	29.00
	31.00
	30.00
	32.00
	35.00
	33.50

	T3 (Polybag  + Carbendazium)
	0.00
	19.00
	9.50
	22.00
	26.00
	24.00
	26.00
	30.00
	28.00
	29.00
	34.00
	31.50

	T4(Polybag + Saw dust)
	0.00
	20.00
	10.00
	27.00
	29.00
	28.00
	31.00
	33.00
	32.00
	34.00
	37.00
	35.50

	T5 (Polybag +Trichoderma harzianum)
	0.00
	18.33
	9.17
	23.00
	25.00
	24.00
	27.00
	29.00
	28.00
	30.00
	33.00
	31.50

	T6(Paper bag)
	0.00
	21.67
	10.83
	28.00
	30.00
	29.00
	32.00
	34.00
	33.00
	36.00
	38.00
	37.00

	Mean
	0.00
	20.00
	10.00
	25.17
	27.67
	26.42
	29.17
	31.67
	30.42
	32.33
	35.67
	34.00

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	0.255
	0.147
	0.360
	0.408
	0.236
	0.577
	0.408
	0.236
	0.577
	0.408
	0.236
	0.577

	CD at 5%
	0.748
	0.432
	1.057
	1.199
	0.692
	NS
	1.199
	0.692
	NS
	1.199
	0.692
	NS



Table 3b: Impact of various treatments on 100% germination under various storage conditions (contd.)
	Treatments
	60 days
	75 days
	90 dasy

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag) 
	37.00
	39.00
	38.00
	39.33
	0.00
	19.67
	0.00
	0.00
	0.00

	T2 (Polybag + Charcoal powder)
	36.00
	38.00
	37.00
	39.00
	0.00
	19.50
	43.00
	0.00
	21.50

	T3 (Polybag  + Carbendazium)
	33.00
	38.00
	35.50
	37.00
	41.00
	39.00
	40.67
	44.00
	42.33

	T4(Polybag + Saw dust)
	38.00
	40.00
	39.00
	40.33
	0.00
	20.17
	43.33
	0.00
	21.67

	T5 (Polybag +Trichoderma harzianum)
	34.00
	37.00
	35.50
	38.00
	0.00
	19.00
	42.00
	0.00
	21.00

	T6(Paper bag)
	39.00
	0.00
	19.50
	42.00
	0.00
	21.00
	0.00
	0.00
	0.00

	Mean
	36.17
	32.00
	34.08
	39.28
	6.83
	23.06
	28.17
	7.33
	17.75

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	0.391
	0.226
	0.553
	0.281
	0.162
	0.397
	0.255
	0.147
	0.360

	CD at 5%
	1.148
	0.663
	1.623
	0.824
	0.476
	1.165
	0.748
	0.432
	1.057




3.4 Germination Percentage

Germination percentage declined from 0 to 90 DAE under both storage conditions, with a significantly slower decline under cold storage. Maximum initial viability was confirmed by ambient-stored seeds exhibiting the highest germination percentage (90.05%) at 0 DAE, with no cold storage values detected (Rajjou et al., 2020).
Compared to ambient storage (60.03–70.04%), cold storage maintained greater germination percentages (71.70–85.05%) at 15 and 30 DAE. Treatments with Trichoderma (80.04%) and carbendazim (85.05%) consistently performed better than other treatments. While cold storage maintained 67.54% germination by 45 DAE(Table 4a), ambient storage displayed significant drops (54.19% mean).
While cold storage maintained 60.86% and 45.86% germination at 60 and 75 DAE, ambient storage caused a significant decrease of viability (40.85% and 9.17%, respectively). While cold-stored carbendazim (55.03%) and Trichoderma (22.51%) treatments maintained significant viability at 90 DAE (Table 4b), ambient-stored seeds failed entirely (0%). As demonstrated for jamun and other resistant species, the better performance of cold-stored seeds may be due to decreased metabolic degradation and postponed senescence under regulated storage conditions (Singh et al., 2022 )








Table 4a: Impact of various treatments on germination percentage under various storage conditions
	Treatments
	0 days 
	15 days 
	30 days 
	45 days 

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag) 
	0.00
	90.05
	45.03
	70.04
	60.03
	65.03
	60.03
	50.02
	55.03
	50.02
	45.02
	47.52

	T2 (Polybag + Charcoal powder)
	0.00
	90.05
	45.03
	80.04
	70.04
	75.04
	70.04
	60.03
	65.03
	60.03
	55.03
	57.53

	T3 (Polybag  + Carbendazium)
	0.00
	90.05
	45.03
	90.05
	90.05
	90.05
	90.05
	80.04
	85.05
	90.05
	70.04
	80.04

	T4(Polybag + Saw dust)
	0.00
	90.05
	45.03
	80.04
	70.04
	75.04
	70.04
	60.03
	65.03
	55.03
	50.02
	52.53

	T5 (Polybag +Trichoderma harzianum)
	0.00
	90.05
	45.03
	90.05
	80.04
	85.05
	90.05
	70.04
	80.04
	80.04
	60.03
	70.04

	T6(Paper bag)
	0.00
	90.05
	45.03
	80.04
	60.03
	70.04
	60.03
	50.02
	55.03
	50.02
	45.02
	47.52

	Mean
	0.00
	90.05
	45.03
	81.71
	71.70
	76.71
	73.37
	61.70
	67.54
	64.20
	54.19
	59.20

	
	
	
	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	
	
	
	4.501
	2.598
	6.365
	3.804
	2.196
	5.379
	1.667
	0.962
	2.357

	CD at 5%
	
	
	
	13.214
	7.629
	NS
	11.168
	6.448
	15.794
	NS
	2.825
	NS




Table 4b: Impact of various treatments on germination percentage under various storage conditions (contd.)
	Treatments
	60 days
	75 days 
	90 days 

	
	Cold
	Room
	Mean
	Cold
	Room
	Mean
	Cold
	Room
	Mean

	T1(Polybag) 
	45.02
	35.02
	40.02
	35.02
	0.00
	17.51
	0.00
	0.00
	0.00

	T2 (Polybag + Charcoal powder)
	55.03
	45.02
	50.02
	40.02
	0.00
	20.01
	35.02
	0.00
	17.51

	T3 (Polybag  + Carbendazium)
	90.05
	70.04
	80.04
	70.04
	55.03
	62.53
	60.03
	50.02
	55.03

	T4(Polybag + Saw dust)
	50.02
	40.02
	45.02
	40.02
	0.00
	20.01
	35.02
	0.00
	17.51

	T5 (Polybag +Trichoderma harzianum)
	80.04
	55.03
	67.54
	60.03
	0.00
	30.02
	45.02
	0.00
	22.51

	T6(Paper bag)
	45.02
	0.00
	22.51
	30.02
	0.00
	15.01
	0.00
	0.00
	0.00

	Mean
	60.86
	40.85
	50.86
	45.86
	9.17
	27.51
	29.18
	8.34
	18.76

	
	P
	S
	PxS
	P
	S
	PxS
	P
	S
	PxS

	Sem ±
	4.333
	2.502
	6.128
	3.682
	2.126
	5.207
	1.768
	1.021
	2.501

	CD at 5%
	12.722
	7.345
	NS
	10.811
	6.242
	15.289
	5.192
	2.997
	7.342



Conclusion
Jamun (Syzygium cumini L.) seed viability and germination behavior are largely controlled by the seed storage, environment and time, as this study firmly demonstrates. As storage time increased from 0 to 90 days after extraction, a progressive delay in germination initiation, 50% germination, and completion of germination was noted, as well as a continuous decrease in germination percentage. This suggests that these seeds are gradually aging physiologically. With a significant decline in germination after 30 to 45 days and eventual loss of germination, seed viability rapidly declined under ambient storage settings, underscoring the unsuitability of ambient conditions for extended storage.
Over all storage durations, with the exception of 0 days, when no cold storage observations were made, cold storage considerably reduced seed deterioration by reducing oxidative damage and metabolic activity. This led to early germination, better uniformity, and greater germination percentages. Among the treatments, Trichoderma harzianum and carbendazim were very successful in preserving seed vigor and prolonging viability for up to 90 days in a refrigerator, most likely by lowering fungal infection and secondary degradation.
The experiment found that freshly extracted jamun seeds had a higher rate of germination. It was gradually declining as the number of days after extraction increased. Keeping seeds in the refrigerator might extend their vitality. The seeds that were stored in poly bag + carbendazim (2g per kilogram of seed) and then poly bag + Trichoderma harzianum (10 g/kg) exhibited higher rates of seed germination than the seeds treated with other treatments.
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