Effect of Pre-sowing Treatments on Germination, Seedling Growth and Vigour of Ber (Ziziphus mauritiana Lamk.) Seeds

ABSTRACT
Pre-sowing treatments play a crucial role in overcoming seed dormancy and improving germination and seedling vigour in hard-coated fruit crops like ber (Ziziphus mauritiana Lamk.). The present study evaluated the effect of ten pre-sowing treatments on germination behaviour, seedling growth, survival, and vigour of fresh and one-year-old ber seeds. The experiment was conducted during 2024–25 at the Horticulture Laboratory, Faculty of Agricultural Sciences, SGT University, Gurugram, Haryana, following a Completely Randomized Design with three replications. Treatments included water soaking, hot water, sulphuric acid scarification, gibberellic acid (GA₃ at 200 and 400 ppm), and potassium nitrate (KNO₃ at 1.0% and 2.0%). Results revealed that GA₃ @ 400 ppm for 24 hours was the most effective treatment, producing the highest germination percentage, earliest seedling emergence, minimum mean germination time, maximum survival, superior seedling growth, and highest vigour indices in both fresh and aged seeds. GA₃ @ 200 ppm and KNO₃ @ 1.0% were statistically comparable for several parameters, whereas acid scarification provided moderate improvement. Hot water and water soaking were less effective. These findings indicate that GA₃ priming is an efficient strategy to enhance germination and seedling vigour in ber.
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INTRODUCTION
[bookmark: _GoBack]Ber (Ziziphus mauritiana Lam.), commonly known as Indian jujube, Indian plum, Chinese date, ber, or dunks, is an important tropical fruit crop belonging to the family Rhamnaceae. It is often confused with Ziziphus jujuba (Chinese jujube); however, the two species differ markedly in their ecological adaptation. While Z. jujuba is suited to temperate regions, Z. mauritiana thrives under tropical to subtropical climates, particularly in arid and semi-arid regions. Due to its hardiness, wide adaptability, and rich nutritional value, ber has emerged as an economically significant fruit crop in the Indian subcontinent.
The origin of Z. mauritiana has been traced to a region extending from India to southwestern China and Malaya (Vavilov, 1951). The genus Ziziphus comprises about 40 species distributed across tropical and subtropical regions of the world. In India, Z. mauritiana and Z. nummularia are predominantly cultivated, especially under dryland conditions. The crop is highly tolerant to drought, salinity, and poor soil fertility, making it suitable for marginal lands where few fruit crops can survive. According to the National Horticulture Board, India produced approximately 544,340 metric tonnes of ber during 2021–22, with Haryana contributing about 45,540 metric tonnes, accounting for nearly 8.4% of national production (NHB, 2022). In Haryana, ber cultivation is mainly concentrated in districts such as Hisar, Rohtak, Jind, and Panipat. Popular commercial varieties include Umran, Sanaur-2, Wallaiti, Kaithli, Z.G.-2, and Gola (Bal et al., 2016), while varieties such as Gola, Seb, Banarasi Karaka, Thornless, Ilayachi, and Kadaka are grown across different regions of India (Rajpoot et al., 2025).
Despite its importance, commercial propagation of ber faces major constraints. Vegetative propagation through budding requires a continuous supply of healthy rootstocks, which are usually raised through seeds. However, seed propagation is hindered by poor and delayed germination due to the hard, stony seed coat. Ber seeds exhibit physical dormancy caused by an impermeable seed coat that restricts water absorption and gaseous exchange, resulting in slow, uneven, and poor germination (Boora, 2016). Pre-sowing treatments such as chemical scarification, growth regulator soaking, and other physiological interventions have been reported to improve germination and seedling vigour in ber. However, the optimum treatment type and concentration have not been adequately standardized. Therefore, a systematic evaluation of different pre-sowing treatments is essential to enhance germination behaviour, seedling growth, and overall seed quality in ber.
METHODS AND MATERIALS 
A laboratory experiment was conducted during the academic year 2024–25 at the Horticulture Laboratory, Faculty of Agricultural Sciences, Shree Guru Gobind Singh Tricentenary (SGT) University, Gurugram, Haryana. The experimental site is geographically located at 28° N latitude and 77° E longitude, with an elevation of 217 m above mean sea level, and falls under the semi-arid agro-climatic zone of Haryana. The region is characterized by hot summers, cool winters, low to moderate rainfall, and prolonged sunshine hours, which are conducive for ber seed germination and seedling growth under controlled conditions. The experiment was laid out in a Completely Randomized Design (CRD) with ten pre-sowing seed treatments and three replications. Two seed lots differing in age, namely fresh seeds and one-year-old seeds, were used for the study. Each replication consisted of ten seeds, making a total of thirty experimental units per seed lot. The treatments included T₁ (Control), T₂ (water soaking for 48 hours), T₃ (hot water soaking at 70°C for 1 minute), T₄ (hot water soaking at 80°C for 1 minute), T₅ (10% sulphuric acid quick dip), T₆ (20% sulphuric acid quick dip), T₇ (gibberellic acid GA₃ @ 200 ppm for 24 hours), T₈ (gibberellic acid GA₃ @ 400 ppm for 24 hours), T₉ (KNO₃ @ 1.0% soaking for 12 hours), and T₁₀ (KNO₃ @ 2.0% soaking for 12 hours). Healthy and uniform seeds of wild ber were selected and counted using a calibrated seed-counting device to ensure precision and uniformity. Seeds were subjected to the respective pre-sowing treatments as per treatment specifications and subsequently air-dried under shade. Treated and untreated seeds were sown under laboratory conditions using a suitable growing medium, and standard germination procedures were followed uniformly for all treatments. Observations were recorded at 30 and 60 days after sowing (DAS) to evaluate the effect of different pre-sowing treatments on seed germination and seedling performance. Data were collected on standard germination percentage, days to seedling emergence, mean germination time, speed of germination, seedling length, seedling dry weight, survival percentage, Vigour Index–I, and Vigour Index–II. The recorded data were subjected to statistical analysis using analysis of variance (ANOVA) appropriate for the Completely Randomized Design, and treatment means were compared at the 5 per cent level of significance to determine the effect of different pre-sowing treatments.
RESULTS AND DISCUSSION
Effect of Pre-sowing Treatments on Standard Germination Percentage of Ber Seeds
Pre-sowing seed treatments exerted a significant influence on the standard germination percentage of ber (Ziziphus mauritiana Lamk.) seeds in both fresh and one-year-old seed lots (Table 1). Overall, fresh seeds exhibited higher germination percentages than one-year-old seeds under all treatments, indicating a progressive decline in seed viability with ageing. Among the treatments, soaking seeds in gibberellic acid (GA₃) @ 400 ppm for 24 hours (T₈) recorded the highest standard germination percentage (27.56% in fresh seeds and 18.18% in one-year-old seeds), which was significantly superior to all other treatments. Treatments T₇ (GA₃ @ 200 ppm) and T₉ (KNO₃ @ 1.0%) were statistically at par with each other and showed significantly higher germination compared to the remaining treatments. The lowest germination percentage was recorded in the control (T₁), clearly indicating the presence of strong seed dormancy in untreated ber seeds.
Sulphuric acid scarification treatments also improved germination compared to the control, with 20% H₂SO₄ (T₆) performing better than 10% H₂SO₄ (T₅). Hot water treatments and simple water soaking resulted in only marginal improvement, suggesting their limited effectiveness in overcoming the hard seed coat dormancy of ber. The enhancement in germination under GA₃ treatments may be attributed to its role in breaking seed dormancy by stimulating embryo growth, enhancing hydrolytic enzyme synthesis, and facilitating mobilization of stored food reserves. GA₃ also counteracts the inhibitory effects of abscisic acid, thereby promoting faster and uniform germination. The beneficial effect of KNO₃ may be due to nitrate-induced stimulation of metabolic activity and embryo growth. Similar findings have been reported earlier in ber and other hard-coated fruit crops by Boora (2016), Singh et al. (2014), and Kumar et al. (2018).
Effects of different pre sowing treatments on days to emergence of seedling in ber seeds
Pre-sowing treatments significantly influenced the number of days required for seedling emergence in ber for both fresh and one-year-old seed lots (Table 1). Fresh seeds emerged earlier than one-year-old seeds under all treatments, indicating delayed germination due to seed ageing. The minimum days to emergence were recorded under GA₃ @ 400 ppm (T₈), which was significantly superior to all other treatments. GA₃ @ 200 ppm (T₇) and KNO₃ @ 1.0% (T₉) were statistically at par and resulted in significantly earlier emergence compared to the remaining treatments. The control required the maximum number of days to emergence, clearly reflecting the persistence of dormancy in untreated seeds. The earlier emergence observed under GA₃ treatments may be attributed to enhanced cell elongation, accelerated metabolic activity, rapid mobilization of food reserves, and weakening of seed coat resistance, which together facilitate faster radicle protrusion. The nitrate effect of KNO₃ may have stimulated respiration and enzyme activation, hastening germination. Acid scarification treatments reduced emergence time by softening the hard seed coat and improving water imbibition. Similar trends have been reported by Boora (2016), Singh et al. (2014), and Kumar et al. (2018).
Effects of different pre sowing treatments on mean germination time (days) in ber seeds
Mean germination time (MGT) was significantly influenced by pre-sowing treatments in both fresh and one-year-old ber seeds (Table 1). Fresh seeds exhibited lower MGT than one-year-old seeds, indicating faster and more uniform germination. GA₃ @ 400 ppm (T₈) recorded the minimum mean germination time, followed by GA₃ @ 200 ppm (T₇) and KNO₃ @ 1.0% (T₉), which were statistically at par. The highest MGT was observed in the control. The reduction in MGT under GA₃ treatments may be due to enhanced enzymatic activity, particularly α-amylase synthesis, which accelerates the breakdown of stored reserves and promotes rapid embryo growth. KNO₃-induced stimulation of respiration and enzyme activation may also have contributed to faster germination. Acid scarification improved water uptake by weakening the seed coat, thereby reducing MGT. Similar findings were reported by Boora (2016), Singh et al. (2014), Mor et al. (2025) and Kumar et al. (2018).
Effects of different pre sowing treatments on survival percentage (%) in ber seeds
Pre-sowing treatments significantly influenced the survival percentage of ber seedlings in both seed lots (Table 4.4). where is this table found Seedlings raised from fresh seeds exhibited higher survival compared to those from one-year-old seeds. GA₃ @ 400 ppm (T₈) recorded the highest survival percentage, followed by GA₃ @ 200 ppm (T₇) and KNO₃ @ 1.0% (T₉), which were statistically at par. The lowest survival percentage was observed in the control. The higher survival under GA₃ treatments may be attributed to improved seedling vigour, better root development, and enhanced physiological efficiency, which enable seedlings to withstand early growth stress. Acid scarification treatments improved survival by ensuring uniform germination and synchronized seedling establishment. Similar observations have been reported by Boora (2016), Singh et al. (2014), and Kumar et al. (2018).
Effect of Pre-sowing Treatments on Seedling Growth Parameters
You ,mentioned seedling growth parameters , but only seedling length is present….. WhY???
GA₃ @ 400 ppm (T₈) resulted in the maximum seedling length, followed by GA₃ @ 200 ppm (T₇) and KNO₃ @ 1.0% (T₉) (Table 2). The increase in seedling length under GA₃ treatments may be attributed to enhanced cell division and elongation, increased α-amylase activity, and improved nutrient uptake. These findings are in conformity with reports by Babu et al. (2010), Vasantha et al. (2014), Kolumbina et al. (2006), and Patel et al. (2016). GA₃-treated seeds recorded significantly higher seedling dry weight compared to other treatments (Table 2). Enhanced mobilization of reserves, improved photosynthetic efficiency, and better assimilate translocation under GA₃ treatments may have contributed to increased dry matter accumulation. Similar observations were reported by Jamwal et al. (2013), Rawat and Pandey (2019), and Rajput and Sharma (2020) and Mor et al. (2024)
Effect of Pre-sowing Treatments on Vigour Indices
GA₃ @ 400 ppm (T₈) recorded the highest Vigour Index–I and Vigour Index II of fresh and one-year-old ber seeds (Table 3), followed by GA₃ @ 200 ppm and KNO₃ @ 1.0%. Higher vigour index may be attributed to increased germination percentage and seedling length. These findings corroborate the reports of Kolumbina et al. (2006), Babu et al. (2010), Sheoran et al. (2018), and Mor et al. (2022) Similarly, GA₃ @ 400 ppm recorded the highest Vigour Index–II (Table 3), followed by GA₃ @ 200 ppm and KNO₃ @ 1.0%. The improvement in Vigour Index–II may be due to higher germination percentage and increased seedling dry weight. Similar trends have been reported by Jamwal et al. (2013), Patel et al. (2016), and Rawat and Pandey (2019).


CONCLUSION
The present investigation clearly demonstrates that pre-sowing seed treatments play a crucial role in breaking seed dormancy and enhancing germination, seedling growth, survival, and vigour in ber (Ziziphus mauritiana Lamk.). Seed ageing markedly reduced germination and seedling performance; however, the application of appropriate pre-sowing treatments effectively minimized these adverse effects. Among all the treatments evaluated, soaking seeds in gibberellic acid (GA₃) @ 400 ppm for 24 hours proved to be the most effective, resulting in the highest germination percentage, earliest seedling emergence, reduced mean germination time, superior seedling growth, maximum survival percentage, and highest vigour indices in both fresh and one-year-old seeds. GA₃ @ 200 ppm and KNO₃ @ 1.0% soaking also exhibited significant improvement and were statistically comparable for several parameters. The enhanced performance under GA₃ treatments may be attributed to improved enzymatic activity, efficient mobilization of food reserves, and stimulation of embryo growth.(NOT HERE BUT IN DISCUSSION) Hence, GA₃ @ 400 ppm for 24 hours is recommended for raising healthy and vigorous ber rootstocks under nursery conditions.
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Table 1 Effect of pre-sowing treatments on germination percentage, days to seedling emergence, and mean germination time of fresh and one-year-old ber seeds.
	Treatment
	Treatment details 
	Standard germination % (fresh)
	Standard germination % (1 year old)
	Days to emergence of seedling (fresh)
	Days to emergence of seedling (1 yr old)
	Mean germination time (fresh)
	Mean germination time (1 year old)


	T1
	Control
	15.13
	10.35
	31.68
	35.79
	28.67
	32.67

	T2
	Water soaking for 48 hrs.
	18.38
	13.11
	29.18
	33.44
	26.35
	29.44

	T3
	Hot water soaking at 70°C for 1 min.
	16.03
	11.45
	31.24
	35.35
	27.68
	29.52

	T4
	Hot water soaking at 80°C for 1 min.
	16.46
	12.56
	30.27
	34.66
	27.42
	29.34

	T5
	10% Sulphuric acid treatment (Quick Dip)
	20.46
	14.77
	28.87
	32.54
	26.55
	28.08

	T6
	20% Sulphuric acid treatment (Quick Dip)
	22.39
	15.01
	27.54
	31.01
	25.34
	27.66

	T7
	Soaking seeds in gibberellic acid @ 200 ppm for 24 hrs.
	26.66
	17.52
	25.01
	29.53
	23.59
	25.56

	T8
	Soaking seeds in gibberellic acid (GA3) @ 400 ppm for 24 hrs.
	27.56
	18.18
	24.35
	28.35
	22.35
	24.78

	T9
	KNO3 @1.0% soaking for 12 hours
	26.30
	17.36
	25.03
	29.03
	23.03
	25.66

	T10
	KNO3 @2.0% soaking for 12 hours
	24.26
	16.01
	26.01
	30.11
	24.01
	26.77

	C.D. AT 5 %
	1.08
	0.74
	0.80
	0.63
	0.81
	0.68



Table 2. Effect of different pre-sowing treatments on survival percentage, seedling length, and seedling dry weight of fresh and one-year-old ber seeds.
	Treatment
	Treatment details 
	Survival percentage (fresh)
	Survival percentage (1 Yr old)
	Seedling length (fresh)
	Seedling length (1 yr old)
	Seedling dry wt. (fresh)
	Seedling dry wt. (1 yr old)

	T1
	Control
	42.07
	35.69
	6.50
	4.50
	142.30
	122.28

	T2
	Water soaking for 48 hrs.
	52.39
	44.36
	7.47
	5.49
	142.37
	127.56

	T3
	Hot water soaking at 70°C for 1 min.
	46.50
	38.32
	6.84
	4.72
	148.03
	133.09

	T4
	Hot water soaking at 80°C for 1 min.
	48.78
	40.78
	7.07
	5.21
	145.37
	130.54

	T5
	10% Sulphuric acid treatment (Quick Dip)
	55.22
	47.36
	7.84
	5.63
	145.04
	130.14

	T6
	20% Sulphuric acid treatment (Quick Dip)
	58.36
	50.56
	8.27
	6.39
	148.39
	133.38

	T7
	Soaking seeds in gibberellic acid @ 200 ppm for 24 hrs.
	65.09
	56.03
	9.44
	7.49
	156.84
	141.92

	T8
	Soaking seeds in gibberellic acid (GA3) @ 400 ppm for 24 hrs.
	66.22
	57.67
	9.57
	7.56
	157.69
	142.73

	T9
	KNO3 @1.0% soaking for 12 hours
	65.05
	56.66
	9.40
	7.44
	155.04
	140.44

	T10
	KNO3 @2.0% soaking for 12 hours
	62.66
	53.44
	8.84
	6.78
	152.37
	137.38

	C.D. AT 5 %
	1.08
	1.12
	1.02
	0.17
	0.14
	0.86




Table 3. Effect of different pre-sowing treatments on Vigour Index–I and Vigour Index–II of fresh and one-year-old ber seeds.
	Treatment
	Treatment details 
	Vigour Index – I (fresh)
	Vigour Index – I (1 year old)
	Vigour Index – II (fresh)
	Vigour Index – II (1 year old)

	T1
	Control
	97.84
	46.70
	2140.43
	1267.07

	T2
	Water soaking for 48 hrs.
	137.50
	71.41
	2616.59
	1659.25

	T3
	Hot water soaking at 70°C for 1 min.
	109.74
	53.53
	2373.07
	1466.43

	T4
	Hot water soaking at 80°C for 1 min.
	116.02
	61.14
	2380.92
	1567.92

	T5
	10% Sulphuric acid treatment (Quick Dip)
	159.96
	82.06
	2956.08
	1824.33

	T6
	20% Sulphuric acid treatment (Quick Dip)
	185.28
	94.37
	3321.56
	2004.96

	T7
	Soaking seeds in gibberellic acid @ 200 ppm for 24 hrs.
	249.31
	129.61
	4116.28
	2476.52

	T8
	Soaking seeds in gibberellic acid (GA3) @ 400 ppm for 24 hrs.
	258.91
	136.69
	4262.63
	2572.08

	T9
	KNO3 @1.0% soaking for 12 hours
	243.33
	125.17
	4036.21
	2384.59

	T10
	KNO3 @2.0% soaking for 12 hours
	215.67
	109.75
	3714.43
	2201.51

	C.D. AT 5 %
	1.08
	13.04
	8.40
	176.20




