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Physiological and Cytological Responses of Watermelon (Citrullus lanatus (Thunb.) Matsum & Nakai) to Colchicine Seed Treatment
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ABSTRACT 

	Watermelon (Citrullus lanatus (Thunb.) Matsum & Nakai) is a globally significant cucurbitaceous crop valued for its nutritional and refreshing properties. With the growing demand for seedless watermelon, the production of stable tetraploid lines is becoming a critical breeding objective. This study aimed to evaluate the efficacy of colchicine seed treatment in inducing polyploidy and to assess its subsequent effect on germination, mortality, flowering and micromorphological traits. Diploid watermelon seeds were treated with three different concentrations of colchicine (0.05%,0.1%,0.5%) for 24 hours. The results demonstrated a significant dose dependent inhibitory effect on early growth. The increasing concentrations led to delayed germination and a reduction in germination percentage from 93.33% in the control to 53.33% in the 0.5% concentration. The mortality rate also rose with dose reflecting the cytotoxicity of the antimitotic agent. Phenological observations revealed that the treatment induced a substantial lag in reproductive initiation. Greatest delay was in the plants treated with the highest dose in case of both male and female flowers. In contrast the micromorphological analysis showed that with increasing concentration of colchicine the cellular dimensions enhanced. Stomatal length, width, number of chloroplasts per guard cell and pollen diameter increased progressively with higher concentrations. These findings confirm that while colchicine acts as a potent antimitotic agent for inducing polyploidy traits in watermelon, careful optimization of concentration is essential to balance successful induction against physiological stress and mortality.
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1. INTRODUCTION
Watermelon (Citrullus lanatus (Thunb.) Matsum & Nakai) is one of the most economically important cucurbitaceous fruit crops globally. It is valued for its sweet dessert fruit and hydrating flesh in summer (Asfaw,2022). Watermelon is also known as “mood food” as it contains Vitamin B6 and citrulline (Choudhary et al., 2023). The fruits are also rich in beta -carotene, vitamins (B, C and E), minerals and phenolic compounds (Khojiyeva,2025; Benmeziane and Derradji 2023). In India, watermelon cultivation had expanded rapidly in recent years due to rising demand, improved hybrids and increased adoption of protected cultivation for off season production. As the consumer preference gravitate towards seedless fruits, the development of triploid seedless watermelon hybrids has gained major importance.
The classic watermelon is diploid (2n = 2x = 22) while the seedless one is triploid (2n = 3x = 33) and is obtained by crossing a tetraploid (2n = 4x = 44) seed parent with a diploid pollen parent (Compton and Gray, 1993). These seedless cultivars with high fruit quality are nowadays available in developed countries at a premium price. The first report of triploid watermelon was in 1947 in Japan (Kihara and Nishiyama,1947). The production of triploid hybrids requires stable tetraploid parental lines. The paucity of stable tetraploid line with reasonable fertility is one of the major constrains in developing seedless watermelon (Mohr,1986). 
Tetraploid watermelons are developed by treating the diploid seeds or seedlings with antimitotic agents like colchicine (Kihara,1951). Colchicine is extracted from Colchicum autumnale which disrupts the spindle fibre formation during metaphase. This leads to cytokinesis failure leading to chromosome doubling (Koefoed et al., 2003). While colchicine is highly effective, it’s phytotoxicity vary with concentration, duration and method of application (Khan et al., 2023; Jaskani et al.,2005). Several approaches have been used for colchicine application including seed treatment, apical meristem treatment, invitro exposure and direct seedling methods. The formation of polyploid regenerants from colchiploids has been investigated in many plant species (Veilleux and Johnson,1998). But this treatment develops only limited number of tetraploids, most of which are chimeric with mixoploid genetics (Jaskani et al.,2004).
Polyploids can be identified by morphological, cytological and molecular techniques (Sari et al.,1999). Many indirect and direct methods are used for distinguishing polyploids from the diploid counterparts. Indirect methods such as number of chloroplasts, size of stomata and pollen and stomatal density are employed for ploidy identification as diploids and polyploids differ in these traits. Chromosome counting and flowcytometry are the direct methods used for ploidy determination (Sattler et al., 2016).
Considering the advantages of polyploidy breeding in watermelon, the current study is outlined to obtain colchicine induced tetraploids as the initial strategy for seedless watermelon breeding. In this study the efforts were to evaluate the effect of different colchicine concentrations on seed germination, flowering and the micromorphological characters and assess the potential suitability of colchicine seed treatment as a method of tetraploid induction in watermelon 

2. MATERIALS AND METHODS
The seeds of a red fleshed watermelon line were collected from the Department of Vegetable Science at Kerala Agricultural University, Thrissur. The seeds were visually inspected and only the healthy, undamaged seeds were selected. The seed moisture content was equilibrated at room temperature before treatment to ensure uniform water uptake during soaking. The seeds were then subjected to different concentrations of colchicine (0.05%, 0.10%, 0.50%).

                  Table 1. Details of the treatment
	Treatment
	Concentration

	T1
	0.05%

	T2
	0.10%

	T3
	0.50%

	T4
	Pure water



The research employed completely randomized block (CRD) design with each treatment replicated thrice. Fifty seeds per replication were taken for each treatment. The seeds were initially washed thoroughly with distilled water. These were then soaked in aqueous solutions of colchicine at the three concentrations in petri plates for 24 hours under dark at room temperature.  The untreated seeds served as control and were soaked in sterile distilled water for the same period of time. At the end of 24 hours, the seeds were washed thoroughly with distilled water to remove residual colchicine.
After treatment, all seeds were sown in 5 x 10 celled pro-trays filled with a growing media containing coir pith, perlite and vermiculite in the ratio 3:1:1 (v:v:v) for germination under nursery conditions and were maintained under optimal levels of moisture and temperature. The seedlings when attained transplantable age were transplanted into a polyhouse located in the experimental block of the department at a spacing of 1 m x1 m. The area has a warm and tropical climate with an elevation of 11.12 meters above mean sea level. Fertigation, weeding and plant protection measures were done at definite intervals.

2.1. Germination and mortality
Germination percentage was recorded based on the number of seeds germinated out of the total number of seeds sown. 

Days to first seed germination was documented as the day from sowing on which the first seed germinated in the replication. Mortality rate was recorded as the proportion of germinated seeds that failed to survive up to early establishment stage.  


2.2. Flowering behaviour
The number of days from transplanting to the opening of the first male and female flowers was recorded to determine the earliness of flowering.

2.3. Stomatal and pollen characters
The chloroplasts in each guard cell was counted at 3-5 true leaf stage. The lower epidermis of the leaf was pierced and was placed in a drop distilled water on a slide. This was then stained using one drop of acetocarmine solution to observe the slide under compound microscope (Magnus MLX Plus) at 1000x magnification. The dimensions of the guard cells were also measured.
For measuring the pollen grain dimensions, freshly opened staminate flowers were collected in the morning. Pollen from the flowers were dusted on a glass slide with a drop of distilled water followed by staining with acetocarmine solution which was then observed under compound microscope (Magnus MLX Plus) at 400x magnification. All these observations were taken as average of 10 microscopic fields each slide.

2.4. Statistical analysis 
The experimental results were analysed statistically using “GRAPES” version 1.1.0 (Gopinath et al., 2021) employing the analysis of variance (ANOVA) for CRD. The treatment means were compared applying Least Significant Difference (LSD) test at 5% level of significance.

3. RESULTS 
The influence of seed treatment with different concentrations of colchicine on the germination, early growth and the micromorphological parameters like stomatal and pollen characters are given in Table 2 and 3. The statistical analysis demonstrated significant difference among the treatments. 

3.1. Effect of colchicine on germination and early seedling behaviour.
The untreated control (diploid) germinated the earliest (4.33 days) while the treatments showed delayed germination. The trend observed was that the days to germination increased with increasing concentration with T3 (9.67 days) taking the longest germinate and T1 germinating in 6.33 days indicating strong inhibitory effect of colchicine on early cellular metabolism. 
Germination percentage also reduced gradually with higher concentration of colchicine. Highest germination was recorded by the control (93.33%) while T3 recorded 53.33% germination which was the lowest. T1 (91.11%) scored germination comparable to that of the control and T2 (77.77%) resulted in moderate reduction.
The mortality rates significantly increased with increasing concentration suggesting severe toxic stress. The highest mortality rate was recorded in treatment with colchicine concentration of 0.5% (T3) followed by 0.1% (T2) then 0.05% (T1). The highest number of surviving plants were found in the control.

Table 2. Effect of colchicine seed treatment on early growth parameters
	Treatment
	Days to 1st seed germination
	Germination %
	Mortality rate

	T1(0.05%)
	6.33c
	91.11a
	19.59c

	T2 (0.1%)
	8b
	77.77b
	28.53b

	T3 (0.5%)
	9.67a
	53.33c
	66.86a

	T4 (Control)
	4.33d
	93.33a
	11.95c

	SE(m)
	0.29
	3.14
	2.56

	SE(d)
	0.41
	4.48
	3.62

	CD(5%)
	0.96
	10.14
	8.48

	CV
	7.06
	6.90
	13.98




3.2. Effect on flowering behaviour
Seed treatment with colchicine significantly influenced the reproductive initiation (Table 3). The days to flowering were recorded from the date of transplanting. The control diploid plants (31.53 days) flowered earlier than the colchicine treated plants.  Among the treatments, male flower emerged earliest in the treatment T1 (33 days) followed by T2 (35.13 days) and delayed flowering was observed in T3 (37.99 days). 
Female flower anthesis also followed a comparable pattern with maximum delay in plants treated with 0.5% (43.66 days). The control documented the earliest female flower emergence (35.88 days) while 0.10% and 0.05% recorded 41.33 and 38 days respectively. This is a clear indication that the surviving colchicine – treated seedlings continued to exhibit physiological stress beyond the seedling stage.
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Fig 1. Effect of colchicine seed treatment on the seedling vigour                                        (a - control, b - 0.05%, c - 0.1%, d - 0.5%, e & f - abnormal seedlings)

3.3. Stomatal characteristics and pollen dimensions
The variation in the stomatal length, width, number of chloroplasts and pollen diameter recorded for the treatments and the control diploid are presented in table 3. The stomatal size, number of chloroplasts and pollen diameter significantly increased in colchicine treatments when compared to the diploid control. The stomatal size i.e., both length and width were found to be largest in T3 with 24.79 µm and 19.55 µm respectively. The smallest stomata were of the control diploid which averaged 17.50 µm long and 15.16 µm wide. 
Number of chloroplasts per stomata also increased from 11.61 (control) to 19.92 (T3). The number of chloroplasts in T2 (19.62) was on par to that of T3. The largest pollens were observed in T3 (72.30 µm) followed by T2(68.24 µm), T1 (63.90 µm) and the smallest in the control (59.95 µm).






Table 3. Effect of colchicine seed treatment on flowering and micromorphological traits 
	Treatment
	Days to first male flower emergence
	Days to first female flower emergence
	Stomatal length
	Stomatal width
	Pollen diameter
	Chloroplast number per stomata

	T1(0.05%)
	33.00c
	38.00c
	20.41c
	16.73b
	63.90c
	16.24b

	T2 (0.1%)
	35.13b
	41.33b
	23.68b
	19.13a
	68.24b
	19.62a

	T3 (0.5%)
	37.99a
	43.66a
	24.79a
	19.55a
	72.30a
	19.92a

	T4 (Control)
	31.53d
	35.80d
	17.50d
	15.16c
	59.95d
	11.61c

	SE(m)
	0.30
	0.35
	0.34
	0.29
	0.87
	0.48

	SE(d)
	0.43
	0.50
	0.47
	0.41
	1.26
	0.68

	CD(5%)
	1.00
	1.16
	1.11
	0.95
	2.87
	1.58

	CV
	1.52
	1.53
	2.69
	2.83
	2.27
	4.91



4. DISCUSSION 
The present investigation revealed the response of watermelon to colchicine applied as seed treatment. The emphasis was given on germination behaviour, early seedling performance, flowering traits and stomatal characters. The results clearly displayed a concentration dependent effect of colchicine.  

4.1. Germination reduction and delayed emergence
The delayed germination at higher concentration reflects the sensitivity of embryonic tissues to colchicine induced mitotic arrest. This suggests that colchicine interferes with radicle protrusion and early mitotic activity which are common responses to antimitotic agents. These can be explained by the findings of Dhooghe et al. (2011) which stated that colchicine treatment often induces a state of physiological dormancy or mitotic depression. Thus, an extended recovery period is required by the seed before radicle emergence.
Higher germination percentage and lower mortality percentage were observed in control treatment than the treatments associated to colchicine. The observed dose-dependent decrease in the germination percentage and corresponding increase in the mortality rate at 0.5% concentration of colchicine emphasizes the cytotoxicity of the chemical. In cowpea, number of days to germination increased alongside a decrease in overall germination percentage as the concentration of colchicine increased (Essel et al., 2015).  A similar trend was reported by Hassan et al. (2020) in pointed gourd, where an increase in colchicine dosage led to reduced germination and survival rates. In onion the survival rates reduced with increasing concentration of colchicine (Abubakar et al.,2025).

4.2. Delayed male and female flower emergence
A significant delay was noticed in the appearance of both male and female flowers in the treated groups when compared to the control treatment. This phenological lag is a common characteristic of induced polyploids. Biologically this delay is due to the increased nuclear volume and DNA content in the polyploid cells which require significantly more time to replicate (Comai, 2005). Thus, there is slow transition from vegetative to reproductive phase. Similar findings were reported in watermelon cultivar sugar baby where in the control, the male and female flowers appeared after 29 and 32 days respectively while in the polyploids they appeared from 54.5 to 58.33 days and 64.93 to 69 days respectively (Pradeepkumar et al., 2015). In cucamelon, the diploid flowered after 50 days while polyploids took 60 days (Fernández-Cusimamani et al., 2024).

4.3. Enlarged stomata and pollen grains
In polyploidization studies timely identification of polyploidy individuals is inevitable for minimizing time and maximizing breeding efficiency. Stomatal characteristics are extensively identified as reliable indirect indicators of ploidy alterations. In the present experiment, seed treatment with colchicine brought about notable and progressive increase in stomatal length and width with increased concentration. The untreated control exhibited relatively smaller stomata. Enlargement of stomata is a typical response reported in polyploidy plants. This is primarily attributed to increased nuclear DNA content leading to enhanced cell size. Similar trend was found in watermelon and cucumber (Pradeepkumar, 2010; Demirel and Celikli, 2020). Zangishehei et al. (2025) documented comparable results in coriander wherein the tetraploids exhibited larger stomata compared to the diploids.
Along with stomatal enlargement, a significant increase in the chloroplast number per guard cell was observed with increasing colchicine concentration. Chloroplast number per guard cell has long been used as cytological marker for determining the ploidy level (Moazam et al.,2013). Earlier reports in watermelon substantiate these findings, indicating that tetraploids possess greater number of chloroplasts than their diploid counterpart (Jaskani et al., 2006, Noh et al., 2012).
Pollen size was also influenced by the treatment, with larger pollen grains observed at higher concentrations of colchicine. Colchicine is known to interfere with the spindle fiber formation, which can lead to the production of unreduced pollen grains. In this study the pollen diameter of the diploid was significantly smaller than the treated polyploids. The results of the present investigation are in agreement with the findings of Nirala et al., (2023) in spine gourd.


5. CONCLUSION
Colchicine is a powerful antimitotic agent and its efficacy is a double-edged sword. While it effectively inhibits the spindle fibre formation and induces polyploidy it also disrupts the cytoskeletal framework required for basic cellular metabolism and impose physiological stress on developing seedlings. The present study indicates that seed treatment with colchicine is effective but physiologically demanding. The significant enlargement of stomata, increased number of chloroplast and increased pollen size in the treated plants indicate successful ploidy manipulation in watermelon. It is also highlighted from the study that a clear trade-off occurs during polyploidization. While the highest concentration (0.5%) is found to enhance the polyploidy markers, simultaneously this imposes severe stress that reduces the seed germination rate, high mortality rate and delayed transition from vegetative phase to reproductive phase. In contrast, the seed treatment of 0.1% offers a viable balance between induction efficiency and plant survival. Therefore, this concentration can be effectively utilized by breeders for the development of stable tetraploid lines aimed at the production of seedless watermelon. These findings provide a practical framework for polyploidy-based watermelon breeding.
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