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Abstract
The study aimed to evaluate the influence of sowing time, variety and propagation method on the postharvest behavior of potato tubers under ambient storage. Field experiments were conducted during the rabi seasons of 2023–24 and 2024–25 at ICAR–Central Potato Research Institute, Regional Station, Gwalior (M.P.), India, following a split-plot design with three replications. The treatments comprised three sowing times (7ᵗʰ, 17ᵗʰ and 27ᵗʰ November) as main plots, two varieties (Kufri Kiran and Kufri Sangam) and three propagation methods (apical root cutting, sprout cutting and aeroponics minituber) as sub-plots. Observations were recorded on days to dormancy breaking, number of sprouts per tuber and days to start rottage under ambient conditions. Early sowing (7ᵗʰ November) showed the longest dormancy (71.52 days) and delayed rottage (67.89 days), whereas mid-November sowing (17ᵗʰ November) produced the highest sprout number (1.77 tuber⁻¹). Among propagation methods, aeroponics minitubers exhibited the greatest storage resistance (67.26 days to rottage) and sprout cutting produced more sprouts (2.03 tuber⁻¹). Varietal effects were negligible. Overall, early to mid-November planting combined with aeroponic or sprout-cutting propagation improved tuber dormancy, sprouting and storability under ambient storage conditions.
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1. Introduction
Potato (Solanum tuberosum L.) remains one of the world’s most important tuber crops, critically linking food security and income generation in many subtropical and temperate zones. Its viability for seed, table or processing use is heavily dependent on post-harvest storage behaviour. Although cold storage at 3–4 °C remains the standard for long-term storage, many small- and marginal-scale producers lack access to such facilities. Under these circumstances, ambient or room-temperature storage (typically 20–30 °C) represents a practical alternative for short-term storage and seed supply (Alamar et al., 2017).
Pre-harvest factors such as sowing time, genotype and propagation method critically influence the physiological status of tubers at harvest and thereby affect their storage performance. Delayed planting can shorten the bulking period and hinder skin maturation, resulting in increased weight loss, rottage and early sprouting during storage (Gupta et al., 2015). Similarly, varietal differences contribute to variable dormancy duration, sprouting intensity and weight loss, as genotypes differ in their biochemical and periderm characteristics (Sudha et al., 2017). In addition, propagation methods such as apical root cutting, sprout cutting and aeroponic minituber production influence initial tuber vigour and health, which can translate into differing storage outcomes (Singh et al., 2022).
Recent studies have emphasized the role of pre-harvest environment and propagation technique in determining post-harvest performance under ambient storage. For instance, aeroponic minitubers were found to retain better dormancy and lower decay incidence compared with conventionally propagated tubers (Balena et al., 2021). Similarly, mid-season planting has been associated with optimal dormancy and sprout uniformity under subtropical conditions (Zheng et al., 2024). However, integrated assessments combining sowing time, variety and propagation method on dormancy breaking, sprouting and rottage under ambient storage remain scarce. Therefore, the present study was undertaken to evaluate the influence of sowing time, variety and propagation method on dormancy behaviour, sprouting and rottage of potato tubers under ambient storage, with the objective of identifying management combinations that enhance seed-tuber storability and quality in resource-limited production systems.
2. Materials and Methods
The present investigation entitled “Postharvest Behaviour of Potato Tubers as Influenced by Sowing Time, Variety and Propagation Method under Ambient Storage Conditions” was conducted during two consecutive Rabi seasons (2023–24 and 2024–25) at the ICAR–Central Potato Research Institute, Regional Station (ICAR–CPRI–RS), Maharajpura, Gwalior, Madhya Pradesh, India (26.21° N, 78.18° E; 211 m above mean sea level). The region experiences a subtropical climate with cool winters and hot summers and the experiment was carried out under net house conditions for tuber production followed by ambient laboratory storage.
The experiment was laid out in a split-plot design with three replications. The main plots comprised three sowing times: S₁ – 7th November (1ˢᵗ sowing), S₂ – 17th November (2ⁿᵈ sowing) and S₃ – 27th November (3ʳᵈ sowing). The sub-plots included two varieties - V₁: Kufri Kiran and V₂: Kufri Sangam and three propagation methods: C₁ – apical root cutting, C₂ – sprout cutting and C₃ – aeroponics minituber. At physiological maturity, tubers from each treatment were harvested, cleaned and air-dried under shade. Uniform, healthy tubers were then stored in perforated plastic crates under ambient laboratory conditions (25–30 °C and 70–80 % relative humidity) to evaluate storage behaviour.
Selected tubers were stored in perforated plastic crates in a well-ventilated storage room maintained under ambient conditions (25–30 °C and 70–80 % relative humidity). Each crate represented one replication per treatment. The storage period extended up to the onset of visible rottage. Regular monitoring was done to record physiological changes. 
During storage, observations were recorded on: (i) days to dormancy breaking (number of days from storage initiation to first visible sprout ≥ 2 mm), (ii) number of sprouts per tuber at the time of dormancy break and (iii) days to start rottage — recorded as the number of days from storage initiation to the first visible incidence of decay (soft rot or other clear tissue breakdown) in any tuber within a treatment lot.
The data obtained during both years were statistically analyzed following the procedure for a split-plot design using Microsoft Excel. A pre-defined formula sheet was created to compute the mean of three replications (R₁, R₂, R₃), standard error of mean (SE m ±) and critical difference (CD) at the 5 % probability level (p = 0.05). Pooled means were also calculated to facilitate interpretation across both years.
3. Results and Discussion
3.1 Days to dormancy breaking during storage at ambient temperature
The data presented in Table 1 showed that sowing time and propagation method significantly influenced the duration of tuber dormancy under ambient storage. In the pooled mean, the earliest sowing (S₁ – 7th November) exhibited the longest dormancy (71.52 days), followed by S₂ – 17th November (69.69 days) and S₃ – 27th November (67.80 days). Varietal differences between Kufri Kiran (V₁: 69.60 days) and Kufri Sangam (V₂: 69.74 days) were marginal and statistically non-significant. Among propagation techniques, aeroponics minitubers (C₃) recorded the longest dormancy (70.55 days), followed by sprout cutting (C₂: 69.63 days) and apical root cutting (C₁: 68.84 days). The three-way interaction (S × V × C) revealed treatment-specific variation: S₁V₂C₂ (1st sowing × Kufri Sangam × sprout cutting) recorded one of the highest values (72.15 days), whereas S₃V₁C₁ (3rd sowing × Kufri Kiran × apical root cutting) showed the lowest (65.90 days). Overall, earlier sowing tended to prolong tuber dormancy, likely due to a longer crop duration that allows better physiological maturity and periderm development. This finding agrees with Di et al. (2024), who reported that dormancy duration is primarily governed by pre-harvest environmental conditions and the physiological state of tubers at harvest. Physiologically, higher carbohydrate accumulation and a more developed periderm in early-sown tubers may delay sprouting by reducing meristem sensitivity to sprout-inducing stimuli (van Ittersum & Scholte, 1992; Suttle, 2004). Comparable results have been reported in earlier field and storage studies linking shorter dormancy to delayed sowing or shorter bulking periods, which yield thinner periderm and faster sprouting (Potato Variety Dormancy Trial Report; Cranfield Enhancing Potato Dormancy Project). Thus, sowing time emerged as the dominant factor influencing dormancy, while variety and propagation method contributed minor, treatment-specific effects. This corroborates earlier findings that dormancy in seed tubers depends more on physiological maturity, storage environment and tuber health than on genotypic variation (Gupta et al., 2024; Jakubowski & Krolczyk, 2023).
3.2 Number of sprouts per tuber during dormancy breaking 
Data in Table 1 reveal that sowing time, variety and propagation method markedly affected the number of sprouts per tuber during dormancy breaking under ambient storage. In the pooled mean, the maximum number of sprouts was observed under S₂ – 17th November (1.77 sprouts tuber⁻¹), followed by S₁ – 7th November (1.44 sprouts tuber⁻¹) and S₃ – 27th November (1.41 sprouts tuber⁻¹). Between varieties, Kufri Kiran (V₁) produced a significantly higher mean sprout number (1.60 sprouts tuber⁻¹) than Kufri Sangam (V₂: 1.48 sprouts tuber⁻¹). Among propagation methods, sprout cutting (C₂) yielded the highest number of sprouts (2.03 sprouts tuber⁻¹), followed by aeroponics minituber (C₃) with 1.44 sprouts tuber⁻¹ and apical root cutting (C₁) with 1.14 sprouts tuber⁻¹. This consistent superiority of C₂ across both years suggests that physiological rejuvenation in sprout cuttings enhances axillary bud activity, encouraging multiple sprout emergence, as reported by Buckseth et al. (2022). Although the S × V × C interaction was statistically non-significant, it displayed clear treatment-wise trends. The highest pooled mean (2.92 sprouts tuber⁻¹) occurred in S₂V₂C₂ (2ⁿᵈ sowing × Kufri Sangam × sprout cutting), closely followed by S₂V₁C₂ (2.51 sprouts tuber⁻¹). The minimum number (1.02 sprouts tuber⁻¹) was recorded in S₃V₁C₁ (3ʳᵈ sowing × Kufri Kiran × apical root cutting). The higher sprouting potential in S₂ (17 November) likely reflects optimal physiological maturity and balanced carbohydrate–enzyme status at harvest, which support active eye initiation once dormancy ends. Conversely, S₁ and S₃ tubers may experience over- or under-maturation, reducing sprout emergence. The enhanced sprouting capacity in sprout-cutting tubers (C₂) also aligns with reports that rejuvenated propagules possess higher cytokinin activity, promoting multi-eye activation during dormancy release (Suttle, 2004; Di et al., 2024). In summary, sowing time and propagation method significantly affected the number of sprouts per tuber, with S₂ and C₂ showing consistent superiority. These observations reaffirm that moderate planting schedules combined with physiologically rejuvenated propagules can enhance sprout uniformity and vigour in seed-grade tubers (Gupta et al., 2024; Jakubowski & Krolczyk, 2023).
[bookmark: _Hlk213273478]3.3 Days to start rottage in tubers stored at ambient temperature
Days to the start of rottage in storage provide a practical indicator of tuber health and storability under ambient conditions. As presented in Table 1, the pooled mean revealed that tubers from S₁ – 7th November exhibited the longest interval before rotting (67.89 days), followed by S₂ – 17th November (66.10 days) and S₃ – 27th November (64.49 days). Among propagation methods, aeroponics minituber (C₃) demonstrated the greatest resistance to rottage, recording the longest delay to decay onset (67.26 days), followed by sprout cutting (C₂) with 66.18 days and apical root cutting (C₁) with 65.04 days. Varietal differences were minimal, with Kufri Kiran (V₁: 66.18 days) and Kufri Sangam (V₂: 66.14 days) showing nearly identical results. The S × V × C interaction exhibited treatment-wise variation, ranging from a maximum of 68.65 days in S₁V₂C₂ (1ˢᵗ sowing × Kufri Sangam × sprout cutting) to a minimum of 62.40 days in S₂V₂C₁ (2ⁿᵈ sowing × Kufri Sangam × apical root cutting). Overall, the early sowing (S₁) and aeroponic propagation (C₃) significantly prolonged the onset of rottage, suggesting that improved skin development, physiological maturity and reduced pre-harvest stress contribute to extended storage life. These findings align with earlier reports indicating that sub-optimal growing conditions or delayed bulking shorten storage duration and increase decay incidence (Ahmed et al., 2023; Nyankanga et al., 2018).
4. Conclusion
Sowing time and propagation method significantly influenced the dormancy behavior, sprouting pattern and storage life of potato tubers, while varietal differences were minimal. Early sowing (7th November) extended dormancy duration and delayed the onset of rottage, whereas mid-November sowing (17th November) promoted greater sprout emergence during dormancy breaking. Among propagation techniques, aeroponics-derived minitubers exhibited superior storage resistance, while sprout cutting enhanced sprouting potential. Overall, early to mid-November planting combined with aeroponics or sprout-cutting propagation offers a practical strategy for improving seed tuber storability and physiological vigor under ambient storage conditions.
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Table 1. Effect of sowing time, variety, propagation method and their interaction on days to dormancy breaking, no. of sprouts per tuber at dormancy breaking and days to start rottage in tubers stored at ambient temperature
	
	Days to dormancy Breaking
	No. of sprouts tuber-1 at dormancy breaking
	Days to start rottage in storage tubers

	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	S1 1st sowing
	70.82
	72.23
	71.52
	1.41
	1.46
	1.44
	67.32
	68.47
	67.89

	S2 - 2nd sowing
	69.34
	70.04
	69.69
	1.78
	1.75
	1.77
	65.69
	66.52
	66.10

	S3 - 3rd sowing
	67.80
	67.81
	67.80
	1.41
	1.41
	1.41
	64.65
	64.32
	64.49

	S.Em. ±
	0.47
	0.62
	0.39
	0.04
	0.05
	0.03
	0.45
	0.48
	0.33

	C.D. at 5%
	1.86
	2.42
	1.27
	0.16
	0.18
	0.10
	1.76
	1.89
	1.07

	V1 - Kufri Kiran
	69.20
	70.01
	69.60
	1.60
	1.59
	1.60
	65.86
	66.50
	66.18

	V2 - Kufri Sangam
	69.44
	70.05
	69.74
	1.47
	1.49
	1.48
	65.92
	66.37
	66.14

	S.Em. ±
	0.22
	0.45
	0.25
	0.01
	0.03
	0.01
	0.23
	0.38
	0.22

	C.D. at 5%
	NS
	NS
	NS
	0.03
	0.10
	0.05
	NS
	NS
	NS

	C1 (Apical root cutting)
	68.39
	69.30
	68.84
	1.12
	1.17
	1.14
	65.12
	64.95
	65.04

	C2 (Sprout cutting)
	69.32
	69.94
	69.63
	2.04
	2.01
	2.03
	65.93
	66.43
	66.18

	C3 (Aeroponics minituber)
	70.25
	70.84
	70.55
	1.45
	1.44
	1.44
	66.61
	67.92
	67.26

	S.Em. ±
	0.44
	0.85
	0.48
	0.07
	0.08
	0.05
	0.40
	0.59
	0.36

	C.D. at 5%
	1.29
	2.47
	1.36
	0.21
	0.24
	0.15
	1.17
	1.73
	1.02

	 S1V1C1
	70.43
	72.01
	71.22
	1.01
	1.27
	1.14
	67.09
	67.90
	67.49

	S1V1C2
	69.77
	70.86
	70.31
	1.62
	1.58
	1.60
	66.27
	67.36
	66.82

	S1V1C3
	71.55
	72.17
	71.86
	2.02
	1.98
	2.00
	67.90
	69.29
	68.60

	S1V2C1
	69.99
	73.75
	71.87
	1.06
	1.00
	1.03
	66.64
	68.06
	67.35

	S1V2C2
	71.28
	73.02
	72.15
	1.54
	1.64
	1.59
	67.78
	69.52
	68.65

	S1V2C3
	71.88
	71.58
	71.73
	1.24
	1.28
	1.26
	68.23
	68.67
	68.45

	S2V1C1
	70.18
	70.14
	70.16
	1.17
	1.11
	1.14
	66.83
	65.97
	66.40

	S2V1C2
	71.15
	71.53
	71.34
	2.46
	2.57
	2.51
	67.65
	68.02
	67.83

	S2V1C3
	70.70
	72.39
	71.55
	1.35
	1.42
	1.39
	67.05
	69.50
	68.28

	S2V2C1
	66.64
	66.51
	66.57
	1.42
	1.33
	1.38
	62.37
	62.44
	62.40

	S2V2C2
	67.72
	68.16
	67.94
	2.99
	2.85
	2.92
	64.22
	64.63
	64.43

	S2V2C3
	69.68
	71.49
	70.58
	1.31
	1.21
	1.26
	66.03
	68.53
	67.28

	S3V1C1
	65.13
	66.66
	65.90
	1.03
	1.01
	1.02
	63.21
	62.65
	62.93

	S3V1C2
	66.55
	67.03
	66.79
	2.00
	1.73
	1.87
	63.05
	63.53
	63.29

	S3V1C3
	67.31
	67.26
	67.28
	1.73
	1.66
	1.69
	63.67
	64.29
	63.98

	S3V2C1
	67.97
	66.71
	67.34
	1.01
	1.29
	1.15
	64.61
	62.69
	63.65

	S3V2C2
	69.44
	69.03
	69.24
	1.64
	1.69
	1.66
	66.61
	65.52
	66.07

	S3V2C3
	70.39
	70.16
	70.28
	1.05
	1.09
	1.07
	66.75
	67.24
	67.00

	S.Em. ±
	1.08
	2.07
	1.17
	0.18
	0.20
	0.13
	0.99
	1.45
	0.88

	C.D. at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




