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A B S T R A C T 
As global awareness of the nutritional and economic value of avocado (Persea 
americana Mill.) continues to grow, new commercial plantations are being established 

worldwide, requiring large quantities of uniform, high-quality nursery stock. In this 

study, the effects of four growing media on the germination capacity and morphological 
development of avocado seedlings were evaluated. The results showed that the first 

germination occurred on day 35 after sowing in perlite medium (T1) at a rate of 10%, 

while the latest germination initiation was observed in T4 (perlite + cocopeat + soil:farm 
manure:river sand) beginning on day 42, with germination completed by day 77 across 

all media. Although germination capacity did not differ significantly among growing 

media, values ranged from 91.1% (T1) to 97.7% (T4), all of which were considered 

adequate for practical propagation. The desired threshold of 80% germination capacity 
was reached earliest in T3 and T4 media (day 56) and latest in T2 (between days 70 and 

77). Eight months after sowing, the greatest seedling height was recorded in T3 

(soil:farm manure:river sand, 96.8 cm). Stem diameters at this time were 9.9 mm in T2, 
while seedlings grown in all other media exceeded 10 mm- the threshold recommended 

for successful grafting. Plant and root fresh and dry weights were highest in T1 (perlite). 

Overall, the recommended stem diameter for grafting was attained within eight months 
of sowing in all growing media, indicating that all four substrates support successful 

rootstock production. 

I NT RO DUCTI O N  

Avocado (Persea americana Mill.) is a fruit crop of high economic importance belonging to the family Lauraceae, cultivated 

in tropical, semi-tropical, and subtropical regions worldwide (Zentmyer, 1987; Knight, 2022). Avocado fruit is rich in 

valuable nutrients and phytochemicals. The fruit is known to be rich in minerals, particularly potassium, magnesium, and 

phosphorus, as well as vitamins A, C, E, K, and B-complex (Dreher and Davenport, 2013; Tavlı and Eroğlu Özkan, 2020; 

Rozan et al., 2021; Gümüştepe et al., 2022). The fruit, seed, leaf, root, bark, flower, and young shoots are known to exhibit 

antioxidant, anti-inflammatory, antifungal, antibacterial, antidiabetic, anticancer, and antiviral activities (Ding et al., 2009; 

Dreher and Davenport, 2013; Alkhalaf et al., 2019; Tavlı and Eroğlu Özkan, 2020; Demircan and Velioğlu, 2021; Gümüştepe 

et al., 2022). Growing scientific evidence of the nutritional and health benefits of avocado, combined with rising consumer 

awareness of healthy lifestyles, has substantially increased global demand. Furthermore, as avocado cultivation generates 

higher income than many alternative crops in suitable regions, it has become an important commodity in global markets. As 

a result, avocado production in Türkiye has increased markedly — from 400 tonnes in 2004 to 64,500 tonnes in 2024 — and 

this growth is projected to continue, with new plantations expected to be established in climatically suitable areas (TÜİK, 

2025). Meeting the demand of these new plantations will require large quantities of uniform, high-quality nursery stock. As 

avocado cultivation expands into diverse environments, interest in improving propagation techniques and early seedling 

development — particularly for nursery-produced rootstocks and grafted plants — is increasing (Núñez-Lillo et al., 2024; 

Toplu, 2025). 

In many avocado-producing countries, seedling rootstocks are used as propagation material because clonal rootstocks are 

unavailable and vegetative propagation of rootstocks is difficult. Seedling rootstocks are also preferred due to their low cost, 

ease of production, vigorous growth, and practical transplanting. The most commonly used seed sources for rootstock 

production in nurseries are the cultivars 'Topa Topa', 'Mexicola', 'Duke', 'Waterhole' (Mexican race), 'Lula' (Guatemalan × 
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West Indian), 'Zutano' (Mexican × Guatemalan), 'Edranol' (Guatemalan), 'Velvik', 'Nachar', and 'Degania' (West Indian) 

(Ben–Ya'acov and Michelson, 1995; Bayram and Aşkın, 2015). Seed germination is a critical phase in a plant's life cycle, 

involving the emergence of the embryo from the seed coat to form a new individual. This process is influenced by both 

genetic and environmental factors and requires water, temperature, oxygen, and light to be at optimal levels in the 

germination medium (Erkul and Ülger, 2024). 

Despite their relatively large size, avocado seeds exhibit slow, prolonged, and irregular germination, which can lead to delays 

and non-uniformity in seedling production, creating challenges for large-scale propagation. To improve germination 

characteristics, achieve uniform seedling emergence, and accelerate the rootstock production process, various seed sources, 

germination substrates, and seed treatments have been investigated (Bayram and Aşkın, 2015; Rao et al., 2025). Perán-

Quesada et al. (2005) reported that biological factors such as seed age and the developmental stage of the embryo influence 

germination capacity in avocado, with embryo maturity being positively correlated with germination rate and percentage. 

Rao et al. (2025) found that seeds treated with plant growth regulators such as gibberellic acid (GA₃) and potassium nitrate 

(KNO₃) exhibited higher germination percentages and faster germination compared to untreated controls, offering a means 

to improve seed performance in commercial production. Gübbük et al. (2001) reported that pre-sowing seed treatments had 

a more pronounced effect on germination rate and seedling development in the 'Walter Hole' cultivar compared to 'Blake'. 

In a subsequent study, Gübbük et al. (2011) subjected seeds of 'Mexicola' and 'Topa Topa' to eight different pre-sowing 

treatments and observed that germination rates ranged from 83% to 100%, with mean germination time between 34 and 40 

days depending on treatment. Bayram and Aşkın (2015) evaluated the germination capacity and seedling development 

performance of 'Topa Topa', 'Mexicola', 'Bacon', 'Fuerte', 'Hass', and 'Zutano' cultivars; 'Mexicola' and 'Topa Topa', together 

with 'Bacon' and 'Zutano', produced superior results compared to the other cultivars in terms of both germination and 

morphological development. The stem diameter required for successful grafting and subsequent seedling development was 

identified as 10 ± 1 mm. The time required to reach this threshold from sowing was approximately 240–270 days for 

'Mexicola', 210–240 days for 'Topa Topa', 180–210 days for 'Bacon' and 'Zutano', 210–240 days for 'Fuerte', and 240–270 

days for 'Hass'. The development of avocado seedling rootstocks varies considerably as a function of both genetic 

background and environmental and cultural management practices, including the choice of growing medium (Bergh and 

Lahav 1996; Bender and Whiley 2002). 

Environmental parameters such as water uptake, temperature regulation, and substrate composition in different growing 

media can directly influence the physiological processes of the seed and subsequent seedling development (Ammar et al., 

2024; Erkul and Ülger 2024). In order to develop nursery techniques capable of producing sustainable, high-quality, and 

uniform rootstocks, identifying the most appropriate growing medium is as important as optimising pre-sowing seed 

treatments. The objective of this study was to determine the effects of four different growing media on the germination 

timing and percentage of seeds of the 'Zutano' cultivar — widely used for rootstock production in Türkiye — and on the 

morphological development performance of the resulting seedlings, with a view to identifying the substrate that most 

efficiently supports high-quality, uniform rootstock production. 

M AT ERI ALS AND M ET HO DS  

Study area and experimental material 

Seeds of the avocado cultivar 'Zutano' obtained from trees growing in the avocado orchard of the Subtropical Fruits and 

Citrus Research and Application Area (36°09'E, 36°51'N, altitude 9 m) of Hatay Mustafa Kemal University, Dörtyol, 

Türkiye, were used as experimental material. The 'Zutano' cultivar is a Mexican × Guatemalan hybrid selected in California 

in 1926. It is characterised by a tall, upright tree habit, greater cold tolerance relative to other cultivars, and strong commercial 

demand. Its flower type is 'B'. Fruits are oval to pear-shaped, weighing 200–400 g. In Türkiye, grafted plants on 'Zutano' 

rootstocks are preferred by both nursery producers and growers (Doğrular et al., 1985; Newett et al., 2002; Demirkol et al., 

2004; Bayram and Aşkın, 2015). 

Methods 

Fruits were harvested at full maturity between 15 and 20 November, and seeds were extracted, washed thoroughly, and dried 

at room temperature in a shaded environment on paper for 24 hours. Seeds were selected for homogeneity in colour, shape, 

and size, and stored in sealed plastic bags at +4°C until sowing. Immediately before sowing, seeds were treated with 0.2% 

Mancozeb solution to prevent fungal contamination, and the apical third of each seed was excised to facilitate germination 

(Bergh, 1988). Seeds were sown in March into four growing media in 4-litre plastic pots, with three replicates of 25 seeds 

each. The four growing media were: 

T1: Perlite 

T2: Cocopeat 

T3: Soil:Farm manure:River sand (1:1:1, v/v/v) 

T4: Perlite + Cocopeat + Soil:Farm manure:River sand (1:1:1:1, v/v/v) 

The physicochemical properties of the media, including pH and electrical conductivity (EC), are presented in Table 1. The 

media showed variations in pH and EC values. T3 had the highest pH (8.20), while T2 and T4 exhibited the highest EC (0.59 

mS). T1 had the lowest EC (0.02 mS). 
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Table 1. pH and electrical conductivity (EC) values of the media 

Growing 

Medium 
pH EC (mS) 

T1 6.50 0.02 

T2 6.00 0.59 

T3 8.20 0.15 
T4 6.00 0.59 

Hoagland 5.80 1.05 

Standard cultural practices were applied throughout the experiment following sowing. Weeding was carried out as required, 

and irrigation was applied twice weekly according to field capacity. Germinated seeds were counted daily from the first day 

of germination to determine germination capacity (%) and time to 80% germination (days). Following completion of 

germination, seedlings were fertilised throughout the experiment with a modified Hoagland nutrient solution formulated for 

citrus, with 20 mL of the nutrient solution applied once a month. The first height and stem diameter measurements were 

taken three months after sowing (June), and the second set of measurements was made eight months after sowing 

(November); plants were simultaneously uprooted for morphological assessment. 

Germination capacity (%): Defined as the number of seeds germinated within a given period as a proportion of the total 

seeds sown (Ağaoğlu et al., 1997; Hartmann et al., 2011). Observations were recorded at 7-day intervals on days 28, 35, 42, 

49, 56, 63, 70, 77, and 84 after sowing. 

Time to 80% germination (days): Defined as the number of days required from sowing until 80% of the sown seeds had 

germinated, as adapted from Ağaoğlu et al. (1997) and Hartmann et al. (2011). Observations were recorded at the same 

intervals as above. 

Seedling height (cm): Measured as the distance between the root collar and the apical growing point using a flexible tape 

measure. 

Stem diameter (mm): Measured 5 cm above the root collar using a digital calliper with a precision of 0.01 mm (Bayram and 

Aşkın, 2015). 

Leaf number: Determined by counting all leaves present on each seedling. 

Eight months after sowing, plants were removed from pots and the growing media were washed from the root systems before 

morphological measurements. The following parameters were recorded: (a) total plant fresh weight (g), weighed on a 

precision balance; (b) shoot fresh weight (g) and root fresh weight (g), obtained after sectioning at the root collar; (c) shoot 

fresh weight ratio (%) = (shoot fresh weight / total plant fresh weight) × 100; (d) root fresh weight ratio (%) = (root fresh 

weight / total plant fresh weight) × 100; (e) total plant dry weight (g), shoot dry weight (g), and root dry weight (g), obtained 

after oven-drying shoot and root sections in paper bags at 65–70°C until constant weight; (f) shoot dry weight ratio (%) = 

(shoot dry weight / total plant dry weight) × 100; (g) root dry weight ratio (%) = (root dry weight / total plant dry weight) × 

100. 

Experimental design and statistical analysis 

The experiment was arranged in randomised plot design with three replicates of 25 seeds each. Data were subjected to 

analysis of variance using SAS software (Version 9.4; SAS Institute, Cary, NC, USA). Treatment means for sources of 

variation found to be significant by the F-test were compared using LSD test at p < 0.05. 

RESULT S AND DI SCUSSI O N  

Germination capacity 

Germination capacity (%) and time to 80% germination (days) for 'Zutano' seeds sown in four growing media, recorded at 

7-day intervals up to 84 days after sowing, are presented in Fig. 1. The first germination occurred on day 35 in perlite medium 

(T1) at a rate of 10%; no germination had been observed in T3 (soil:farm manure:river sand) or T4 (perlite + cocopeat + 

soil:farm manure:river sand) at this time. The latest germination initiation was recorded in T4, beginning on day 42. From 

day 42 onwards, germination rates increased rapidly in all media, with the most pronounced increases occurring up to day 

56; thereafter, increments were more limited. Germination was complete in all media by day 77. Although no statistically 

significant differences were detected among media, the highest germination capacity was recorded in T4 (97.7%) and the 

lowest in T1 (91.1%). The desired threshold of 80% germination capacity was reached earliest in T3 and T4 (day 56) and 

latest in T2 (between days 70 and 77) (Fig. 1). 

Mejía-Jaramillo et al. (2022) reported a direct relationship between seed size and germination percentage, with rates of 75%, 

70%, 68%, and 55% for seeds weighing >100 g, 80–100 g, 60–80 g, and 40–60 g, respectively. Germination in sawdust and 

soil occurred approximately 8-days earlier than in sand (35 days vs. 43 days to germination), while final germination rates 

after 65 days reached 100%, 98% and 83.64%, sawdust, soil and sand respectively (Mahbou et al., 2022). Among the tested 

soil- sand –peat substrate mixtures, S1 (80% soil + 20% peat) resulted in the highest germination percentage (Ammar et al., 

2024). Gübbük et al. (2011) found that 'Mexicola' and 'Topa Topa' seeds required an average of 34–40 days to germinate 

under conditions of 25–26°C and 85–90% relative humidity. Bayram and Aşkın (2015) observed that germination of 'Bacon', 
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'Zutano', 'Fuerte', and 'Hass' seeds commenced 40–50 days after sowing, with the highest maximum germination capacity in 

'Zutano' (93.3–96.7%), followed by 'Bacon' (91.7–96.7%), 'Fuerte' (65.0–88.3%), and 'Hass' (46.7–88.3%). In the same 

study, the 80% germination threshold was reached earliest in 'Zutano' (80–100 days). 

In the present study, germination speed — defined as the time to first germination — ranged from 35 to 42 days depending 

on the growing medium, which is consistent with the findings of Gübbük et al. (2011). The later germination onset reported 

by Bayram and Aşkın (2015) (40–50 days) is attributable to their November–December sowing under lower ambient 

temperatures, whereas seeds in the present study were sown in mid-March under warmer conditions. Indeed, Bergh and 

Lahav (1996) and Bender and Whiley (2002) reported that avocado seeds germinate within approximately one month at a 

growing medium temperature of 23–30°C. Overall germination capacity in the present study (91.1–97.7%) was consistent 

with values reported by Gübbük et al. (2011) and Bayram and Aşkın (2015). The 80% germination threshold was reached 

between days 56 and 77 — earlier than the 80–100 days reported for 'Zutano' by Bayram and Aşkın (2015), again most likely 

reflecting the more favourable sowing conditions in the present study. It is well established that species and cultivar 

differences, seed quality, and environmental factors (water, temperature, oxygen, and light) all play important roles in seed 

germination and seedling development (Bender and Whiley, 2002; Koornneef et al., 2002; Karakurt et al., 2010). 

 

Figure 1. Germination capacity (%) of 'Zutano' avocado seeds in four growing media measured at 7-day intervals from 

sowing to 84 days after sowing. The dashed horizontal line indicates the 80% threshold used to determine time to 80% 

germination. T1: Perlite; T2: Cocopeat; T3: Soil:Farm manure:River sand (1:1:1 v/v/v); T4: Perlite+Cocopeat+Soil:Farm 

manure:River sand (1:1:1:1 v/v/v). 

Morphological characteristic 

Seedling height, stem diameter, and leaf number of seedlings derived from 'Zutano' seeds germinated in the four growing 

media, measured at 3 and 8 months after sowing, are presented in Table 2. Three months after sowing, seedling height was 

greatest in T3 (44.5 cm) and lowest in T4 (35.2 cm). At the same measurement date, the greatest stem diameter was recorded 

in T3 (7.4 mm) and the smallest in T1 (6.3 mm). Eight months after sowing, the greatest seedling height was again recorded 

in T3 (96.8 cm). At this time, stem diameter in T2 was 9.9 mm, while seedlings in all other growing media attained diameters 

exceeding 10 mm and were not significantly different from one another. 

Mejía-Jaramillo et al. (2022) reported that seed size significantly influences stem diameter and plant height; seedlings from 

seeds weighing >80 g attained heights >43 cm and stem diameters >8.5 mm at 90 days after sowing, indicating they had 

reached the recommended size for grafting. Rao et al. (2025) found that pre-sowing treatments with 200 ppm GA₃ produced 

the greatest stem diameter (7.54 mm) and seedling height (99.70 cm), while untreated controls had the smallest values (5.05 

mm and 70.73 cm, respectively). Among studies using substrate mixtures comparable to those of the present study, Ammar 

et al. (2024) reported significantly greater seedling height in substrates S4 (55% sand + 25% soil + 20% peat) and S3 (55% 

soil + 25% sand + 20% peat). Ntabakirabose et al. (2025) demonstrated that avocado seedlings grown under hydroponic 

conditions reached the grafting-size stem diameter (5–7 mm) and height (25–35 cm) earlier (within 120 days) than those 

grown in soil. 

Vigorous seedlings can reach 1 m in height approximately 3 months after germination, while slower-growing seedlings may 

take 6 months; growth is further retarded under cool climatic conditions (Bergh and Lahav, 1996). Whitsell et al. (1989) 

stated that seedlings should attain 300–450 mm in height within 2–4 months of sowing; Johnston and Frolich (1956) noted 

that a rootstock diameter of 6–6.5 mm is adequate for successful grafting. Bayram and Aşkın (2015) reported mean seedling 

heights of 352–486 mm and 415–611 mm for 'Bacon' and 'Zutano', respectively, 4 months after sowing, with stem diameters 

of 5.8–6.7 mm and 5.4–6.4 mm for the same cultivars. In the present study, stem diameters 3 months after sowing ranged 
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from 6.3 to 7.4 mm, consistent with the findings of Bayram and Aşkın (2015) and indicating dimensions that are at least 

marginally sufficient for grafting according to the criteria of Whitsell et al. (1989). 

According to Bayram and Aşkın (2015), the optimal stem diameter for successful grafting (10 ±1 mm) is reached 

approximately 180–210 days after sowing for 'Bacon' and 'Zutano', 210–240 days in 'Topa Topa', 'Fuerte', and 'Mexicola', 

and 240–270 days in 'Hass'; with corresponding seedling heights ranging from125–170 cm. In the present study, stem 

diameters of 9.9–10.8 mm were attained 8 months (approximately 240 days) after sowing, which is consistent with these 

findings. Although a stem diameter of ≥10 mm is generally considered sufficient for grafting, Bender and Whiley (2002) 

recommend a rootstock diameter of approximately 12 mm for optimum success with cleft grafting. 

Leaf number and leaf area are important determinants of a plant's photosynthetic capacity. The number of leaves per seedling 

differed among growing media, with the lowest leaf count observed in T2 (23.5 leaves) and the highest in T4 (35.9 leaves) 

(Table 2). This outcome in T4 (perlite + cocopeat + soil:farm manure:river sand) is attributable to its high porosity, good 

aeration, and favourable water and mineral ion retention capacity. Ammar et al. (2024) similarly reported the highest leaf 

counts in young avocado seedlings in substrates S4 and S3, recording values of 10.7 and 6.75 leaves, respectively. 

Ntabakirabose et al. (2025) found that seedlings from larger seeds consistently produced greater plant heights and higher 

leaf numbers. In avocado plants, leaves are the primary carbon assimilation organs, and increases in leaf area and leaf 

development enhance net photosynthetic capacity (Schaffer et al., 1991; Liu et al., 2002); a larger, more active canopy also 

supports shoot growth and overall seedling vigour by increasing carbohydrate production (Shezi et al., 2019; Shezi et al., 

2020). Consistent with the present findings, Bayram and Aşkın (2015) reported 25.8–32.1 leaves per 'Zutano' seedling 210 

days after sowing. 

Table 2. Seedling height (cm), stem diameter (mm), and leaf number of 'Zutano' avocado seedlings at 3 and 8 months after 

sowing in four growing media. 

Growing 

Medium 

Seedling Height 

(cm) 3 months 

Stem Diameter 

(mm) 3 months 

Seedling Height 

(cm) 8 months 

Stem Diameter 

(mm) 8 months 
Leaf Number 

T1 40.52 ab 6.33 c 85.84 ab 10.70 a 31.66 ab 

T2 36.20 b 6.61 bc 67.71 b 9.90 b 23.55 b 

T3 44.56 a 7.40 a 96.86 a 10.80 a 26.89 ab 
T4 35.25 b 7.07 ab 73.29 b 10.70 a 35.89 a 

LSD 0.05 5.441 0.562 17.620 0.651 10.051 

Different lowercase letters within each column indicate statistically significant differences among growing media (LSD test, 

p < 0.05). 

Plant fresh and dry weights, and shoot and root system fresh and dry weights of seedlings harvested eight months after 

sowing are presented in Table 3. Total plant fresh and dry weights were greatest in T1 (perlite; 234.49 g and 188.14 g, 

respectively) and lowest in T2 (cocopeat; 159.71 g and 129.88 g, respectively). Shoot fresh and dry weights were also lowest 

in T2 (64.18 g and 54.81 g, respectively), while seedlings in the remaining three media had similar shoot fresh (101.28–

107.08 g) and dry (90.41–95.68 g) weights that were not significantly different from one another. The shoot fresh weight 

ratio and shoot dry weight ratio were lowest in T2 (40.18% and 42.20%, respectively) and highest in T4 (56.45% and 59.96%, 

respectively). Root fresh and dry weights were greatest in T1 (133.21 g and 97.73 g, respectively) and lowest in T4 (80.12 

g and 61.05 g, respectively). The root fresh and dry weight ratios were lowest in T4 (43.54% and 40.03%, respectively) and 

highest in T2 (59.81% and 57.79%, respectively). Rao et al. (2025) reported that GA₃ applications at 100 ppm produced the 

greatest seedling dry weight (53.2 g), while the lowest values were recorded in untreated controls (11.85 g) and 1% thiourea 

treatment (12.62 g). Mahbou et al. (2022) observed that root volume in seedlings grown in sawdust was 49.42% and 19.53% 

greater than in sand and soil substrates, respectively. In the present study, plant and root fresh and dry weights were highest 

in T1 (perlite), which may be attributed to the favourable physical properties of this substrate — high aeration capacity, 

appropriate moisture retention, and a structure conducive to root development (Mahbou et al., 2022). 

Table 3. Total plant, shoot, and root fresh and dry weights (g) of 'Zutano' avocado seedlings grown in four growing media, 

measured 8 months after sowing. 

Growing 

Medium 
Plant Fresh 

Weight (g) 
Plant Dry 

Weight (g) 
Shoot Fresh 

Weight (g) 
Shoot Dry 

Weight (g) 
Root Fresh 

Weight (g) 
Root Dry 

Weight (g) 

T1 234.49 a 188.14 a 101.28 a 90.41 a 133.21 a 97.73 a 
T2 159.71 b 129.88 b 64.18 b 54.81 b 95.52 b 75.06 b 
T3 202.46 ab 172.47 ab 107.08 a 95.68 a 95.38 b 76.79 b 
T4 183.99 b 152.49 ab 103.87 a 91.44 a 80.12 b 61.05 b 

LSD 0.05 47.047 42.096 31.140 30.847 20.831 17.019 

Different lowercase letters within each column indicate statistically significant differences among growing media (LSD test, 

p < 0.05). 
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CO NCLUSI O N  

This study evaluated the effects of four different growing media on the germination performance and morphological 

development of avocado ('Zutano') seedlings. The results demonstrate that growing medium composition significantly 

influences both germination dynamics and seedling growth. First germination occurred on day 35 in perlite (T1), while 

germination in T4 commenced on day 42. Germination capacity across all media ranged from 91.1% to 97.7%, values 

considered adequate for practical rootstock propagation. The threshold of 80% germination capacity was achieved earliest 

in T3 and T4 (day 56) and latest in T2 (days 70–77). Eight months after sowing, the greatest seedling height was recorded 

in T3 (96.8 cm). Stem diameters in T2 were 9.9 mm, while seedlings in all other media exceeded the 10 mm threshold 

recommended for successful grafting. Overall, the stem diameter values required for grafting and subsequent transplant 

development were attained within 8 months of sowing in all four growing media, indicating that each substrate is capable of 

supporting successful avocado rootstock production within this timeframe. 
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