Effect of Dormancy Breaking Treatments on Seed Germination and Seedling Vigor of Dragon Fruit (Hylocereus spp.)
Abstract
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1. Introduction
Even with the rising global demand for dragon fruit (Hylocereus spp.), counted as a high-value horticultural crop, one of the major constraints to its large-scale propagation is still a constraint regarding its seed germination behavior and dormancy characteristics. In most regions, in newly emerging production areas such as Iraq, inconsistent germination and weak seedling establishment pose significant challenges for nursery production and eventually sustainable cultivation. This scientifically optimized pre-germination treatment that enhances seed performance with ensured uniformity in seedlings' growth seems to be quite justified, since human interventions are hardly capable of breaking all forms of dormancies effectively. Cactus family (Cactaceae), genus Hylocereus. In its native tropical regions, dragon fruit is described as a climbing cactus with ribbed succulent stems. Large oval fruits are formed from nocturnal blooming flowers, which have sweet flesh and a reddish-purple peel resembling scales of a dragon, thus giving the common name to this crop.(Wakchaure et al., 2023) Due to the adaptability of the plant, low pest and disease incidence observed on it, together with minimal agronomic requirements, it has attracted much attention from farmers, both commercially and home growers. It is also widely known for nutritional plus therapeutic values, being high in antioxidants, vitamins, dietary fiber, essential minerals, etc. Recently, one of the preferred crops by farmers in Iraq has been due to increasing consumer demand, in addition to interest in the diversification of horticultural production systems. (Ortiz & Takahashi, 2015)

Gibberellins are a type of plant growth regulator responsible for the major activities associated with plant growth and development processes. The regulation of gibberellins controls several physiological activities such as seed germination, breaking dormancy, seedling establishment, stem and root elongation, flowering, and fruiting, leading eventually to yield (productivity). At the seed level, gibberellic acid (GA₃) promotes germination by inducing the synthesis of hydrolytic enzymes like α-amylase, which will support the mobilization of stored reserves for embryo growth (Carrera-Castaño et al., 2020). Recent reports highlighted an important aspect that “hormonal balance regulation by GA₃ is needed to synchronize metabolic activation with improved efficiency of germination,” mainly in species displaying physiological dormancy (Nonogaki 2019; Bewley et al., 2023).
Seed priming techniques have recently evolved as efficient pre-sowing practices in enhancing germination and vigor of seedlings. Among these, hydropriming is one simple method widely practiced wherein seeds are soaked in clean water to allow imbibition and initiation of early metabolic processes without permitting radicle protrusion, then re-dried to the original moisture content before sowing (Matsushima & Sakagami, 2013). The treatment enhances enzyme activity, evidenced by faster mobilization of reserves, which leads eventually to uniform germination that results finally in a synchronized emergence of seedlings all over the field (Muhammad et al., 2006). New findings establish greater benefits realized when treatments combine both hydropriming and hormonal, particularly GA₃, since it enhances hormone signaling paths associated with breaking dormancy up to initial growth(Zhao et al.,2022; Rêgo et al.,2020).
However, there are scant scientific studies on the physiology of its seed germination under different treatments to break dormancy. This knowledge is virtually absent under arid and semi-arid conditions, where optimal conditions for seedling establishment seldom exist, hence a constraint to seedling establishment. Therefore, an understanding that will detail how gibberellic acid concentration and soaking duration affect germination and early growth of seedlings in propagation efficiency improvement innovations supports sustainable expansion of dragon fruit cultivation (Khan et al., 2020).
The study aimed at finding the optimum combination of gibberellic acid concentration and soaking duration in breaking seed dormancy and enhancing germination and early seedling growth of dragon fruit (Hylocereus spp.).
2. Materials and Methods
Experimental Site and Seed Preparation
The experiment was conducted in the Research Laboratory, Department of Horticulture and Landscape Design, College of Agriculture, University of Kufa, in 2025. The investigation was conducted in a laboratory setting with a temperature of approximately 25 °C. Red-fleshed seeds of the Dragon fruit cultivar were purchased from local sources in the Holy Najaf Governorate. The seeds were harvested from fresh fruit and thoroughly cleaned before being surface sterilized by taking a bath in a solution of 2% sodium hypochlorite for one minute,[1] then the seeds were rinsed 3-5 times with sterilized water to remove the remaining disinfectant if present.

experimental therapies
This experiment had two components. Factor one: The concentration of Gibberellic Acid is three different levels: 0, 100, and 200 mg L-1. Factor three: the soaking time at three different times, 12, 24, and 36 hours. CommercialGA3 (10%) was purchased from ICAT, China.
The experimental design and statistical analysis.
The experiment was designed as a factorial experiment using a CRD that had three repetitions. The components included three levels ofGA3, as well as three different durations of soaking. Seeds were suspended in dishes filled with filter paper in a laboratory setting. There were 9 different combinations of treatments per replication that totaled 27 experimental units or Petri dishes, each containing 25 seeds and an aggregate number of 675 used in the experiment. The data were analyzed statistically by running ANOVA for the main effects and interactions of two factors using the GenStat software package (Release 12.1, VSN International). Meanswerecompared by the least significant difference(L.S.D) test at a probability level of 0.05 (A l-Rawi and Khalaf-Allah, 2000).
Studied Traits
Germination percentage (%): This is the percentage of seeds that were able to complete their germination by the end of the experimental period. It's determined by "how many germinated seeds there were divided by the total number of seeds," which is multiplied by 100 (ISTA, 2023).
Mean Germination Time (MGT): A numerical value associated with the average time required for seeds to germinate (in days). A lower value implies a faster germination rate (Hussain et al., 2019).
Coefficient of Velocity of Germination (CVG): This is also used as a means of gauging the speed of germination. However, its meaning is different from that of MGT; the higher values represent greater speeds (Hussain et al., 2019).
The Seedling Vigor Index (SVI): This composite number is considered paramount to the evaluation of seed quality because it combines the percentage of germination and the length of the seedlings (Bargaz et al., 2018).
Radicle length (cm): It's measured with a ruler that begins at the point where the radicle emerges from the seed's coating or attaches to the cotyledons, and extends past the root's tip. (Lian et al., 2021)
Plumule's length (cm): Measured with a ruler from the base of the plumule at the cotyledonary node or the point of attachment to the seed, up to the growing tip or the tip of the longest primary leaf.(Lian et al., 2021)
The fresh weight of the seedling (g) was determined using a sensitive digital scale. Weighing occurred immediately after taking the seedlings out of the medium for germination, which prevents the moisture from being lost and instead being air-dried, which would lead to an inaccurate weighing (Lian et al., 2021).
The seedling's dry weight after being dried in an oven for 48 hours at 70 degrees Celsius is considered the most significant indicator of true growth(Lian et al., 2021).
4. Results
Table 1 demonstrates a significant increase in the effect of Gibberellic Acid on the germination of dragon fruit seeds following a soak in water. The treatment with 200 mg l-1 greatly increased the probability of overcoming the control treatment that had the greatest germination percentage and the fewest days to germinate, both of which were significant. Also, the same table shows that the duration of soaking has a significant impact; the 24-hour soaking had a higher value than the other treatments in comparison to the 12-hour soaking. Significant discrepancies are apparent due to the interaction between the experimental factors, as demonstrated by the table; the treatment that soaked in 200 milligrams of l-1GA3 for 24 hours had the greatest percentage of germination (98.67), and the treatment that soaked in water for 12 hours had the lowest percentage of germination (64.8). The control treatment was not affected by the soaking process and recorded the lowest percentage of germination (8.53).
Table 1: Effect of Gibberellin, Soaking Duration, and Their Interaction on Germination Percentage and Mean Germination Time of Dragon Fruit Seeds.
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	Germination Percentage (%)
	Germination Time (MGT)

	GA3
mg L-1
	Soaking Duration hours
	Aver.
	Soaking Duration hours
	Aver.

	
	12
	24
	36
	
	12
	24
	36
	

	0
	64.00
	76.00
	74.00
	71.33
	8.53
	7.90
	8.20
	8.21

	100
	84.00
	98.00
	92.00
	91.33
	6.57
	5.23
	5.77
	5.82

	200
	95.00
	98.67
	94.00
	95.89
	4.49
	3.23
	3.63
	3.82

	Aver.
	81.00
	90.89
	86.67
	
	6.53
	5.45
	5.86
	

	L.S.D P≤0.05
	GA3=2.82, S.D.=2.82
Interaction=4.89
	GA3=0.20, S.D.=0.20
Interaction=0.36


As shown in Table 2, there were highly significant effects of Gibberellin seed soaking on both Germination Rate Index and Seedling Vigor Index. The treatment of Gibberellin at a concentration of 200 mg L-1 outperformed all other treatments, including the control treatment, which recorded the lowest values. Also, the table shows that there was a highly significant effect of seed soaking duration on both parameters, where the 24 hr treatment outperformed all other treatments with higher values than the 12 hr treatment. Meanwhile, interactions between both experimental factors were highly significant. Soaking in Gibberellin at 200 mg L-1 for 24 hours resulted in a Germination Rate Index of 0.31 day-1; also Seedling Vigor Index was calculated as 1717.00 compared to the control treatment soaking in distilled water for twelve hours, which gave indices of 0.11 day-1 and 238.70, respectively.
Table 2: Effect of Gibberellin, Soaking Duration, and Their Interaction on the Coefficient of Velocity of Germination and Seedling Vigor Index of Dragon Fruit Seeds.
	
	Coefficient of Velocity of Germination
	Seedling Vigor Index

	GA3
mg L-1
	Soaking Duration hours
	Aver.
	Soaking Duration hours
	Aver.

	
	12
	24
	36
	
	12
	24
	36
	

	0
	0.11
	0.12
	0.12
	0.12
	238.70
	350.30
	307.30
	298.80

	100
	0.15
	0.19
	0.17
	0.17
	661.30
	1014.00
	872.70
	849.30

	200
	0.22
	0.31
	0.27
	0.26
	1255.70
	1717.30
	1480.00
	1484.30

	Aver.
	0.16
	0.20
	0.18
	
	718.60
	1027.20
	886.70
	

	L.S.D P≤0.05
	GA3=0.04, S.D.=0.04
Interaction=0.08
	GA3=24.45, S.D.=24.45
Interaction=42.35



Results in Table 3 show a highly significant effect of gibberellin on both plumule and radicle lengths. Soaking plants in gibberellin at a concentration of 200 mg L⁻¹ recorded the highest values for both plumule and radicle lengths, followed by soaking in distilled water. There was also a highly significant effect of the duration of soaking, where the 24-hour soaking treatment had significantly higher values of both plumule and radicle length than the 12-hour soaking treatment.
Also, the table shows a highly significant difference in the interaction between both experimental variables. The treatment of interaction between gibberellin and water proved most effective, with maximum lengths attained by both plumule and radicle, 8.23 cm as compared to the distilled water treatment, which was 12.07 cm long.
Table 3: Effect of Gibberellin, Soaking Duration, and Their Interaction on Plumule and Radicle Length of Dragon Fruit Seeds.
	
	Plumule Length (cm)
	Radicle Length (cm)

	GA3
mg L-1
	Soaking Duration hours
	Aver.
	Soaking Duration hours
	Aver.

	
	12
	24
	36
	
	12
	24
	36
	

	0
	1.63
	2.23
	1.86
	1.91
	2.10
	2.93
	2.54
	2.52

	100
	3.63
	5.23
	4.63
	4.50
	4.10
	5.93
	5.20
	5.07

	200
	6.23
	8.23
	7.63
	7.36
	6.93
	8.93
	8.25
	8.03

	Aver.
	3.83
	5.23
	4.71
	
	4.37
	5.93
	5.33
	

	L.S.D P≤0.05
	GA3=1.06, S.D.=1.06
Interaction=2.12
	GA3=1.30, S.D.=1.30
Interaction=2.25



Table 4 shows the significant effects of gibberellin on both the fresh and dry weights of seedlings. The effect of the gibberellin concentration of 200 mg L⁻¹ was more pronounced than the control treatment, which was reflected in the highest values of fresh and dry weight of seedlings. Additionally, the effect of the duration of soaking was significant; the 24-hour treatment had a higher value than the 12-hour treatment. Additionally, the table demonstrates a significant difference in the interaction of gibberellin and the length of soaking. The treatment that involved soaking in gibberellin at 200mgL⁻1 for 24 hours produced the greatest fresh weight (0 .59g seedling-1) and the greatest dry weight (0 .061g seedling-1), in comparison to the other treatments that were conducted in distilled water for 12 hours.

Table 4: Effect of Gibberellin, Soaking Duration, and Their Interaction on Fresh and Dry Weight of Dragon Fruit Seedlings.
	
	Seedling Fresh Weight (g)
	Seedling Dry Weight (g)

	GA3
mg L-1
	Soaking Duration hours
	Aver.
	Soaking Duration hours
	Aver.

	
	12
	24
	36
	
	12
	24
	36
	

	0
	0.11
	0.16
	0.13
	0.13
	0.012
	0.017
	0.014
	0.014

	100
	0.23
	0.36
	0.31
	0.30
	0.024
	0.037
	0.032
	0.031

	200
	0.45
	0.59
	0.52
	0.52
	0.039
	0.061
	0.051
	0.050

	Aver.
	0.26
	0.37
	0.32
	
	0.027
	0.038
	0.032
	

	L.S.D P≤0.05
	GA3=0.07, S.D.=0.07
Interaction=0.14
	GA3=0.001, S.D.=0.001
Interaction=0.002


Discussion
Results of the current study clearly showed that all the factors studied significantly affected the germination of dragon fruit (Hylocereus spp.) seeds. These factors were gibberellic acid (GA₃) concentration, soaking time, and their interaction. Tables (1-4) also show and confirm that both main effects and interaction effect between GA₃ concentration and soaking time significantly affect all germination indices as well as later seedling growth parameters; among all treatments applied on seeds before sowing,200 mg L⁻¹ GA₃ for 24 h always gave better results hence this can be considered optimal combination between hormonal stimulation and physiological hydration.
The large increase in percentage and speed of germination with a reduction in mean germination time observed under GA₃ treatments could be explained by the primary physiological function of gibberellins, involving breaking seed dormancy to initiate metabolic activities. Gibberellic acid is known to stimulate the aleurone layer for hydrolytic enzyme synthesis, mainly α-amylase, which will catalyze stored starch and complex carbohydrates within the endosperm into soluble sugars that are easily accessible for radicle protrusion as well as plumule elongation, hence quick germination (Ali & Hassan, 2020). A similar mode of action has been reported widely among horticultural and agronomic crop species(Carrera-Castaño et al., 2020; Shan et al., 2021).
These results coincide with those of Abdel-Hamid and Mohamed (2014), who found that an exogenous application of GA₃ greatly improves germination and early seedling growth under conditions of stress. Similar responses to priming were also reported in barley and other crops, thus emphasizing the general regulatory role played by this hormone in seed physiology (Amri et al., 2016).
The 24-hour soaking treatment proved most effective. This duration appears sufficient for the complete hydration of seeds and the efficient penetration of GA₃ into embryonic tissues to initiate enzymatic activation and metabolic reorganization. Probably,12 hours was not enough for the full activation of the embryo; thus, its performance in germination was low. However, at 36 hours of soaking treatment, a sharp decline in both germination and seedling vigor is recorded, which can be explained based on long hours of soaking creating hypoxic or anoxic conditions around the embryo that hindered aerobic respiration​ , leading to low ATP synthesis, and eventually cell injury, as well as membrane destabilization takes place​. This explanation tallies with their conclusion(Matsushima & Sakagami,2013), who emphasized the negative physiological effect due to over-soaking rice seeds.
The effects of GA₃ on vegetative growth, especially seedling height and root length, together with fresh and dry weight, are discussed. Gibberellins mainly promote cell elongation by making the walls loosen more easily during extension growth, besides stimulating both division and elongation of cells at meristematic regions (Sarkar et al., 2002). Therefore, seedlings from seeds treated with GA₃ grew more vigorously due to enhanced hormonal regulation as well as an advantage acquired through quick establishment because of faster germination. This is in agreement with the findings reported by Ibrahim (2019)and Lian et al.(2021).
Dry weight is regarded as one of the best parameters for actual plant growth. Dry weight was significantly higher in seedlings from GA₃-treated seeds. Increased dry matter indicates increased photosynthetic efficiency, improving nutrient assimilation and overall biomass accumulation. This, therefore, emphasizes maximizing pre-germination treatments that will eventually result in strong seedlings at an initial, later developmental stage of vigorous growth. Similar results have been reported from seed priming and hormonal treatment studies in horticultural crops (Hussain et al., 2019; Wakchaure et al., 2023).
Practically, the most important aspect of dragon fruit propagation is to obtain healthy and vigorous uniform seedlings through optimum germination and early seedling growth. This supports earlier findings on the importance of good-quality seeds exhibiting high values in parameters associated with early growth performance in Hylocereus spp. Cultivation (Ortiz-Hernandez & Carrillo-Salazar, 2012). More recently, literature available emphasizes that priming agents used together with regulators initiate effects that enhance stress tolerance, thus giving emphasis on resilience manifested by seedlings under arid as well as semi-arid conditions (Bargaz et al., 2018; Wakchaure et al., 2023).

The present study concludes that a combined application of 200 mg L⁻¹ GA₃ with a soaking duration of twenty-four hours is an extremely potent pre-germination treatment for dragon fruit seeds. This can be translated into enhanced germination efficiency, seedling vigor, and early biomass accumulation. Results achieved add to the ever-increasing bank of information on hormonal seed priming and offer pragmatic low-cost intervention strategies aimed at improving propagation in dragon fruit.
Conclusions:
Gibberellin effectiveness: highly effective in releasing dragon fruit seed dormancy, which was treated with 200 mg gibberellic acid per liter; this led to a significant increase in all the germination parameters.
Significance of the soaking period: results showed that twenty-four hours is the most effective duration. Either deviating from the period in question- reducing it to twelve hours (hydration is insufficient) or increasing it to thirty-six hours (over hydration)-the performance of the seed decreased.
Interactive Effect: The effects were not simply additive but significantly interactive. Soaking the seeds in a solution of 200 milligrams L⁻¹ GA₃ for 24 hours recorded the highest effect on all the traits evaluated.
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