


Seed Germination in Avocado: A Study on the Effects of Growth Regulators and Chemicals


ABSTRACT
This study investigated the effect of various growth regulators and chemicals on the seed germination and seedling vigour of avocado (Persea americana Mill.). Given the short viability (2–3 weeks) and slow, uneven germination (40–60 days) of avocado seeds, which challenges challenge large-scale propagation, this research aimed to enhance the germination potential and seedling uniformity. The experiment was conducted in Mysuru. Significant differences were observed across all treatments. The most favourable results for germination were achieved with GA3 100 ppm, which initiated germination earliest (13.33 days), completed germination fastest (19.67 days), and recorded the highest germination percentage (88.93%), comparable to KNO3 2% (85.00%). Untreated seeds showed the lowest germination (41.90%). Regarding seedling growth, GA3 at 100 ppm and 200 ppm generally produced the best results. GA3 200 ppm resulted in the maximum stem diameter (7.54 mm), on for with by GA3 100 ppm (7.50 mm). GA3 200 ppm yielded the greatest seedling length (99.70 cm), followed by GA3 100 ppm (95.57 cm). GA3 at 100 ppm resulted in the highest dry weight (53.20 g), Seedling . The highest values for Seedling Vigour Index I (9121.07) and Seedling Vigour Index II (4730.77).) were recorded with GA3 100 ppm. GA3 at 100 ppm proved to be the most effective treatment for increasing both the germination potential and overall seedling vigour of avocado.
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1. INTRODUCTION
Avocado is a fruit crop which belongs to the family Lauraceae and order laurales, which includes a few important spices like cinnamon, bay leaf, camphor and sassafras. It is popularly known as Aguacate, Alligator pear and Butter fruit. The word “Avocado” got its derivation from the Spanish word “ahuacatl”, which literally means “testicle” due to the resemblance of the shape. The genus Persea comprises about 50 species, of which Persea americana is the true avocado. Native to the New World, particularly Central America and Mexico, P. americana is a relatively recent global crop (Bergh and Ellstrand 1986). Historical records suggest it was first cultivated in Mexico around 500 BC (Duester, 2000; Rainey et al., 1994). Initially grown in Mexico, Central America, Colombia, and Ecuador, avocado cultivation spread widely after the Mexican variety ‘Fuerte’ was introduced to California in 1911. Today, it is an important commercial fruit in countries such as the United States, Puerto Rico, Brazil, the Dominican Republic, Chile, Australia, Indonesia, Israel, South Africa, and Spain (Ben-Yaacov and Michelson, 1995).
Avocado is a nutrient-rich fruit with high fat content, second only to olives in oil concentration. Its oil content ranges from 5–40%, varying by variety, cultivation area, and season. The fruit’s lipids are about 60% monounsaturated fatty acids (MUFA) and roughly 13% essential fatty acids, including linoleic and linolenic acids, which benefit cardiovascular health (Pedreschi et al., 2016). Due to its low sugar content, avocado is suitable for diabetics (Meyer and Terry, 2010). It provides 25 essential nutrients, such as protein, fiber, vitamins A, B6, C, E, and minerals like copper, potassium, and pantothenic acid. Per 100 g, avocado pulp contains 26.5 g fat, 5.1 g carbohydrates, 1.8 g protein, and dietary fiber, as well as minerals including potassium, calcium (10 mg), phosphorus (38 mg), sodium (368 mg), magnesium (35 g), sulfur (28.5 g), and vitamins like ascorbic acid (16 mg), niacin (1.10 mg), and carotene (0.17 mg) (Ghosh, 2000). Avocado has the highest energy value among fresh fruits, providing about 245 kcal per 100 g. It also improves absorption of fat-soluble nutrients from other foods (Senior, 2018). In India, avocado demand is rapidly increasing, outpacing local supply due to its recognized health benefits and suitability for diabetic diets.
Avocado trees reach heights of 20–22 meters and have alternately arranged leaves. Grafted plants produce fruit within one to two years, whereas seedlings require 8–10 years (Schaffer et al., 2013). The trees have shallow roots, resulting in low water uptake and hydraulic conductance. Avocado exhibits a distinctive flowering behaviour called PDSD (protogynous diurnally synchronous dichogamy), which promotes cross-pollination and causes seedling-origin plants to be highly heterozygous and heterogeneous, making them an excellent source for breeding. Furthermore, in India, avocado is mainly propagated using seeds, and these seeds serve as rootstocks. However, avocado seeds have a short viability period of only 2 to 3 weeks (Hakimi, 2020), and typically show slow and uneven germination, taking 40–60 days to sprout after sowing (Sauls and Campbell, 1980; Elekou et al., 2022). This slow and irregular process can cause delays and inconsistency in nursery seedling production, posing challenges for large-scale propagation.
Given the growing demand for avocado in both local and international markets, it is crucial to explore strategies to enhance seed germination rates, thereby improving seedling uniformity to facilitate mass propagation. It is well known that growth regulators such as GA3 and chemicals like thiourea and KNO3 can improve seed germination. Therefore, this study was undertaken to increase the germination potential of avocado seedlings using various chemicals and growth regulators.

2. MATERIALS AND METHODS
The present experiment was carried out in the college College of Horticulture, Mysuru, during 2018-19 by collecting the fruits from two orchards in Virajpet and Madikeri. Seeds were extracted from healthy, ripe fruits by cutting them open and manually removing the seeds from the pulp. After extraction, the seeds were thoroughly washed and shade-dried on paper for 24 hours at a constant room temperature. They were then divided into eight uniform groups for treatment, as mentioned treatment details in table Table 1, with three replications for 24 hours. The seeds were then sown in polybags of size 20x12cm, containing sand, red earth, and farm yardfarmyard manure (FYM) in a 1:1:1 proportion. The polybags were labelled and placed in an order of treatments. The polybags were watered daily, and cultural operations like weeding were done as and when required. Observations like the number of days taken for initiation of germination, number of days taken for 50 per cent germination, number of days taken for complete germination, seedling growth parameters, diameter of stem (mm), Length of seedlings (cm), dry weight of seedlings (g) (after 150 days of sowing.) were taken. The germination percentage was worked out after complete germination, and it was calculated by dividing the total number of seeds germinated with by the number of seeds sown and multiplied multiplying by 100. The vigour index I and vigour index II were calculated considering the seedling height and seedling dry weight. The seedling vigour was calculated based on the following formulas (Bewley and Black, 1982):	Comment by Srijan Samanta: Specify whether the values are expressed on a per seedling basis (g / seedling) or for a group of ten or twenty seedlings (g / 10 seedlings) 
Seedling vigour index I (cm) = Germination percentage x means seedling length (cm)
Seedling vigour index II (g) = Germination percentage x dry weight of the seedling (g)

Table 1. Treatment details
	Treatment symbol
	Treatment combination

	T1
	Control (untreated)

	T2
	Water soaking (24 hours)

	T3
	Seed treatment with GA3 100 ppm	Comment by Srijan Samanta: Duration?

	T4
	Seed treatment with GA3 200 ppm

	T5
	Seed treatment with Thiourea at 1%

	T6
	Seed treatment with Thiourea at 2%

	T7
	Seed treatment with KNO3 at 1%

	T8
	Seed treatment with KNO3 at 2%


2.1 Statistical analysis
The data recorded were subjected to statistical analysis by a completely randomized design (CRD). Analysis of variance (ANOVA) was conducted to determine whether a significant difference existed between different treatments on in the recorded data. Interpretation of data was carried out as per the guidelines suggested by Panse and Sukhatme (1985).

3. RESULTS AND DISCUSSION
3.1 Effect on seed germination
A significant difference was observed among treatments regarding the days to germination initiation. Seeds treated with GA3 at 100 ppm initiated germination earliest (13.33 days), closely followed by GA3 at 200 ppm (15.67 days) and KNO3 at 2% (18.33 days). Untreated seeds took the longest (26 days), similar to water-soaked seeds (23.67 days). Complete germination was fastest with GA3 100 ppm (19.67 days) and GA3 200 ppm (23 days), while control seeds took 36.67 days. The highest germination percentage was found in seeds treated with GA3 100 ppm (88.93%), comparable to KNO3 2% treated seeds (85%), and lowest in untreated seeds (41.9%) (Table 2).
GA3 accelerates germination by promoting radicle emergence and activating hydrolytic enzymes like α-amylase, proteases, and β-glucanases, which convert stored food to simple forms useful for the embryo (Jacobsen and Olszewski, 1993; Nolan and Ho, 1988; Joshi, 2018). It also enhances cell wall plasticity and water absorption, countering dormancy via enzyme induction and inhibitor suppression (Gupta and Chakrabarty, 2013; Vachhani et al., 2014; Rai et al., 2018). These findings align with earlier works on avocado and other fruit seeds (Reshma and Simi, 2019; Lay et al., 2013; Boricha et al., 2020; Shafrir, 1970).


Table 2. Effect of different growth regulators and chemicals on days taken for initiation of germination, fifty per cent germination, complete germination and germination percentage of the avocado seeds
	Sl. No.
	Treatments
	Days taken for initiation of germination
(days)
	Days taken for 50 per cent germination
(days)
	Days taken for complete germination
(days)
	Germination percentage
(%)

	1
	T1: Control (untreated)
	26.00
	31.67
	36.67
	41.90

	2
	T2: Water soaking (24 hours)
	23.67
	27.67
	31.33
	65.66

	3
	T3: Seed treatment with GA3 100 ppm
	13.33
	16.33
	19.67
	88.93

	4
	T4: Seed treatment with GA3 200 ppm
	15.67
	19.00
	23.00
	82.36

	5
	T5: Seed treatment with Thiourea at 1%
	19.33
	22.67
	25.33
	68.65

	6
	T6: Seed treatment with Thiourea at 2%
	20.00
	23.67
	26.67
	76.55

	7
	T7: Seed treatment with KNO3 at 1%
	18.67
	22.33
	26.00
	64.85

	8
	T8: Seed treatment with KNO3 at 2%
	18.33
	22.67
	26.00
	85.00

	S.E.m±
	1.21
	1.11
	1.33
	1.49

	C.D. @ 5%
	3.62
	3.31
	4.00
	4.46

	C.V. (%)
	10.80
	8.24
	8.61
	3.59



3.2 Effect on seedling growth	
Significant differences were found among treatments in stem diameter, seedling length, and dry weight. The maximum stem diameter was observed in seedlings treated with GA3 at 200 ppm (7.54 mm), which was statistically similar to GA3 100 ppm (7.50 mm), while the control recorded the lowest (5.05 mm). Seedling length was greatest in GA3 200 ppm (99.70 cm), followed by GA3 100 ppm (95.57 cm). The shortest seedlings emerged in the Thiourea 2% (67.07 cm), control (70.73 cm), and KNO3 2% (70.1 cm) groups. For dry weight, GA3 100 ppm yielded the highest value (53.2 g), followed by GA3 200 ppm (40.78 g), with the lowest being in the control (11.85 g) and Thiourea 1% (12.62 g).
Overall, treatments with GA3 at 100 and 200 ppm produced the best growth in avocado seedlings (Fig.Figs. 1 and 2), demonstrating increased height, stem diameter, and dry weight compared to other treatments. These results align with previous studies that highlight GA3's role in promoting shoot growth, internode elongation, cell division and expansion, and improved nutrient uptake (Vasantha et al., 2014; Patil et al., 2018; Lovell and Booth, 1967). This is because GA plays an important role in internode elongation. It stimulates cell division and expansion in response to light or dark. Another reason could be the increased osmotic uptake of nutrients, causing cell elongation and thus increasing the height of the plant and stem diameter was also increased due to greater cell division and elongation at the stem portion (Paleg, 1960).
Table 3. Effect of different growth regulators and chemicals on stem diameter, seedling length, dry weight of seedling and vigour index of the avocado seeds
	Sl. No.
	Treatments
	Stem diameter (mm)
	Seedling length (cm)
	Dry weight of seedling (g)
	Seedling vigour index I (cm)
	Seedling vigour index II (g)

	1
	T1: Control (untreated)
	5.05
	70.73
	11.85
	4179.38 (64.65)
	494.50 (22.25)

	2
	T2: Water soaking (24 hours)
	6.15
	85.03
	24.48
	6005.69 (77.50)
	1606.61 (40.09)

	3
	T3: Seed treatment with GA3 100 ppm
	7.50
	95.57
	53.20
	9121.07 (95.51)
	4730.77 (68.78)

	4
	T4: Seed treatment with GA3 200 ppm
	7.54
	99.70
	40.78
	9064.44 (95.21)
	3362.95 (57.99)

	5
	T5: Seed treatment with Thiourea at 1%
	5.53
	83.67
	12.62
	6463.58 (80.40)
	866.80 (29.45)

	6
	T6: Seed treatment with Thiourea at 2%
	6.20
	67.07
	19.26
	5489.03 (74.09)
	1474.18 (38.40)

	7
	T7: Seed treatment with KNO3 at 1%
	5.89
	71.22
	21.10
	5165.75 (71.88)
	1368.81 (37.00)

	8
	T8: Seed treatment with KNO3 at 2%
	7.21
	70.10
	20.33
	6055.65 (77.82)	Comment by Srijan Samanta: Check these data. It should be nearly equal to the value obtained by multiplying the germination percentage by average seedling length and average seedling dry weight.
	1728.85 (41.58)

	S.E.m ±
	0.05
	1.63
	1.00
	0.83
	0.86

	C.D. @ 5%
	0.15
	4.88
	3.01
	2.49
	2.57

	C.V. (%)
	1.34
	3.51
	6.82
	1.81
	3.54


(Figures in the parenthesis parentheses are values of the square root transformation)
3.3 Seedling vigour index
A significant difference was found among treatments for vigour index-I (Table 3). The highest value was observed in GA3 100 ppm treated seedlings (9121.07), which was at par with GA3 200 ppm (9064.44). The control showed the lowest vigour index (4179.38). Significant variation was also observed in vigour index-II among pre-sowing treatments (Table 3). GA3 100 ppm recorded the highest value (4730.77), followed by GA3 200 ppm (3362.95) and KNO3 at 2% (1728.85). The lowest vigour index-II was found in the control (494.50) (Table 3).
High values for dry weight (53.20 g), vigour index-I (9121.07), and vigour index-II (4730.77) were all observed in seedlings treated with GA3 100 ppm (Fig. 3). Although seedling height was greater in GA3 200 ppm, vigour index-I was highest in GA3 100 ppm, likely due to higher germination percentage in that treatment. These findings align with Kumawat et al. (2014) in papaya and Pampanna and Sulikeri (2001) in sapota. KNO3 treatment also resulted in favourable germination and growth. This outcome may be attributed to overall seedling growth, increased photosynthesis rate, and greater assimilation and distribution of assimilates, leading to higher dry matter accumulation—consistent with Khatana et al. (2015) in Kagzi lime and Patil et al. (2012) in citrus.
KNO3 aids nitrate (NO3) uptake through nitrate reductase (NR), boosting protein metabolism in the embryo and activating the antioxidant response, making seeds more resilient to stress (Lara et al., 2014). It also influences cell membrane permeability, activating enzymes for carbohydrate metabolism and protein synthesis, thus increasing shoot and root length as well as dry matter. Though thiourea is beneficial for germination and seedling growth in fruit crops like pear (Dhillon and Sharma, 1978) and ber (Murthy, 1984), its effect on avocado germination was less notable than GA3 and KNO3, likely because it does not directly affect hydrolytic enzymes.
[image: ]
CONCLUSION 	Comment by Srijan Samanta: GA₃ at 200 ppm performed best for seedling height and stem diameter, but the recommendation emphasises 100 ppm as the optimal concentration without clearly reconciling this difference. Justify why you prefer 100 ppm over 200 ppm with statistical or physiological reasoning (e.g., balance between germination speed and seedling vigour). 
Treatment with GA3 @100 ppm significantly reduced the time taken for germination of avocado seeds. Highest The highest germination percentage was seen in treatment with GA3 @ 100ppm. Highest The highest seedling height and stem diameter were recorded from the seeds treated with GA3 @200 ppm, followed by GA3 @100 ppm. The values for dry weight, seedling vigour index-I, and seedling vigour index-II were high in the seedlings treated with GA3 @100 ppm. Hence, from the present study, it can be concluded that GA3 at 100 ppm is better for improving seed germination, followed by KNO3. In future linelines, other organic products like Vermi-wash, Beejamruth, Jeevamruth and novel phytohormones like salicylic acid, brasinosteroids can be studies studied for enhanced and uniform germination.
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