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The aim of this study was to determine the effects of vermicompost (VC) and humic acid (HA) 

applications on the growth and development of “Transvaal” and “Dark Pink” gerbera (Gerbera 

jamesonii) cultivars. Peat and perlite mixture (2:1, v:v) was used as the growing medium, and 

fertilizer was applied throughout the experimental period to maintain an EC value of 1.1 dS m⁻¹. 

VC was prepared as 250 and 500 ppm, and HA was prepared as 500, 1000 and 2000 ppm doses. 

The prepared doses were mixed as follows: Control, 250VC+500HA, 250VC+1000HA, 

500VC+1000HA an 500VC+2000HA. Mixture solutions (150 mL) was applied to each pot, while 

the control group treated with only 150 mL of water at the same intervals. The treatments began 

with seedling planting and were repeated every 15 days until harvest. Morphological parameters 

such as plant height, stem thickness, full flowering time, and yield were determined. The results 

indicated that VC and HA applications significantly shortened the time to full flowering and 

positively influenced the examined morphological traits, including stem length and stem thickness, 

in both gerbera cultivars. Development was most limited in the control group, whereas 

combinations of 500 ppm VC with 1000–2000 ppm HA promoted earlier flowering, stronger 

vegetative growth, and enhanced plant performance in both cultivars. In conclusion, VC and HA 

applications were found to be effective cultivation practices that support both vegetative and 

generative growth in “Transvaal” and “Dark Pink” gerbera cultivars. 
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Introduction 

 

Gerbera (Gerbera jamesonii L.) is a perennial 

herbaceous ornamental plant belonging to the Asteraceae 

family, native to tropical regions of Asia and Africa. Due 

to its large, bright, and multicolored flowers, it ranks 

among the most widely cultivated cut-flower species in the 

global ornamental plant market (Cardoso and Teixeira, 

2013; Prodhan et al., 2017). Its suitability for use as both 

fresh and dried flowers, as well as its widespread 

application in decorative arrangements, has made gerbera 

a species of high economic value (Singh et al., 2017). In 

gerbera cultivation, yield and flower quality are closely 

associated with fertilization strategies and the 

characteristics of the growing medium (Le et al., 2022). 

However, the widespread use of peat and nitrogen-rich 

chemical fertilizers in production not only increases 

production costs but also raises concerns regarding 

environmental sustainability (Ali et al., 2024).  

 

 
Long-term and intensive use of chemical fertilizers can 

lead to soil structure degradation, nutrient imbalances, and  
environmental pollution (Joshi et al., 2015; Devi et al., 
2022). This situation highlights the growing need for 
environmentally friendly and sustainable fertilization 
alternatives in ornamental plant production. 

Organic fertilizers are considered a significant 
alternative to chemical fertilizers due to their ability to 
improve soil fertility, enhance microbial activity, and 
increase the availability of plant nutrients (Piya et al., 2018; 
Olle, 2019). In this context, VC is a valuable organic 
fertilizer that improves soil aggregate structure and water 
retention capacity, while providing plants with readily 
available nutrients such as nitrogen, phosphorus, 
potassium, calcium, and magnesium in substantial amounts 
(Abul-Soud et al., 2014; Hashem and Abd-Elrahman, 
2016). VC has been reported to positively affect plant 
growth and yield across various crop production systems 
(Yang et al., 2015).  

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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HA, a key component of soil organic matter, promotes 

plant growth and development by supporting 

photosynthesis, respiration, nutrient uptake, and hormonal 

balance (Jindo et al., 2020). 

Additionally, HA is known to form complexes with 

micronutrients, enhancing their solubility and uptake by 

plants (Lobartini et al., 1997; Varanini and Pinton, 2001). 

However, excessive fertilization can lead to increased 

salinity and nutrient imbalances, especially in growing 

media with limited buffering capacity (Othman et al., 2021; 

2022).  

This study aimed to determine the effects of different 

doses of VC and HA on morphological parameters such as 

stem length, leaf characteristics, and flower yield in 

“Transvaal” and “Dark Pink” gerbera cultivars. The 

findings are expected to contribute to the development of 

effective organic fertilization strategies in gerbera 

cultivation within the framework of sustainable and 

environmentally friendly production practices. 

 

Materials and Methods 

 

Materials 

This study was conducted in greenhouse (located at 

40°19′55″ N latitude and 36°28′33″ E longitude, covering 

a total area of 450 m²) without climate control but with 

natural ventilation through the roof and side opening at the 

Tokat Gaziosmanpaşa University Agricultural Research 

and Application Center in 2023. The greenhouse consists 

of a length of 35 m, a width of 12.5 m, an eave height of 3 

m, and a roof height of 4.5 m. To mitigate the adverse 

effects of environmental factors such as light intensity and 

temperature, lime applications and shade nets were used at 

specific stages of the cultivation period. The plant material 

used in this study consisted of two gerbera (Gerbera 

jamesonii) varieties: ‘Dark Pink’ and ‘Transvaal’. The 

seedlings used in the experiment were obtained from Şen 

Tarım, a commercial nursery located in Antalya, Turkey. 

VC and HA used in the study were supplied by commercial 

providers. 

 

Method 

Gerbera seedlings (cv. ‘Transvaal’ and ‘Dark Pink’, 15 

cm) were transplanted into 5.5 L pots (25 cm diameter, 20 

cm height). The growing medium consisted of a mixture of 

Finnish peat and perlite, selected for its high water-holding 

capacity and suitable pH range (5.5–6.0). The bottom 

substrate was prepared in a 2:1 volumetric ratio (4 parts 

peat: 2 parts perlite) and filled into the pots to prepare them 

for planting. The seedlings were transplanted on June 4, 

and the experimental period was conducted until 

September 6. The experiment was designed with three 

replicates; each replicate consisted of 10 plants, and one 

seedling was grown per pot. 

Liquid VA and HA fertilizers were applied directly to 

the pots. VC was applied at concentrations of 250 and 500 

ppm, while HA was applied at 500, 1000, and 2000 ppm. 

Applications began at the time of seedling planting and 

were repeated every 15 days, with150 mL administered per 

pot per application until harvest. 

The water and nutrient requirements of all plants were 

met using a drip irrigation system with standard Hoagland 

nutrient solution (Hoagland & Arnon, 1950). These 

applications were carried out to evaluate the effects of 

environmental conditions and organic amendments on 

plant growth and flower quality. 

 

Preparation and Application of VC, HA and 

Hoagland Solution 

Vermicompost was applied in liquid form at doses of 

250 and 500 ppm, with each application administered at a 

volume of 150 mL per pot at 15-day intervals (Table 1).  

Liquid HA fertilizer was applied to each plot at 

predetermined doses (500, 1000, and 2000 ppm) at the time 

of planting. The applications were subsequently repeated 

every 15 days, with 150 mL per pot delivered using a 

beaker (Table 1). 

Electrical conductivity (EC) level of 1.0 dS m⁻¹ was 

maintained for gerbera plants. A total of 180 gerbera 

seedlings were used, and the treatments were carried out 

over a period of 80–90 days. Seedlings were arranged so 

that one plant was transplanted per pot. During the 

preparation and application of the fertilizers, nutrient 

solutions with an EC of 1.0 dS m⁻¹ were prepared. These 

solutions were primarily based on the Hoagland and Arnon 

(1950) formulation. Additionally, the ion balance and plant 

nutritional requirements of the solution were optimized 

considering widely used formulations reported in the 

literature, including Hewitt (1966), Steiner (1984), (Kılınç, 

2005) (Table 1). 

 

Measured Characteristics  

Flowering Time (days): The date on which 50% of the 

plants of each cultivar were harvested from planting was 

recorded as the full flowering time. 

Stem Length (cm): Measured from the point of stem 

breakage to the flower head. 

Stem Thickness (mm): Measured using a digital caliper 5 cm 

below the first open flower and 5 cm above the base of the stem; 

the stem thickness was expressed as the arithmetic mean of the 

two measurements. 

 

Table 1. Content of vermicopost, humic acid and Hoagland solution 

VC Content %W/W 
HA Content Value 

 

Hoagland Solution 

Nutrient (mg L-1)   Nutrient (mg L-1) 

Organic Matter 15 Humic+Fulvic Acid (%) 15 N 170 Fe 3 

Total N 1.5 Organic Matter (%) 15 P 50 Mn 0.6 

Organic N 1.0 Soluble K₂O (%) 3 K 210 B 0.7 

K2O 1.0 pH 8 Mg 40 Cu 0.8 

Humic+Fulvic Acid 1.5   Ca 140 Zn 0.5 

EC (dS m-1) 5.0   S 40 Mo 0.1 

pH 4.5-5.5       
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Shoot Weight (g): Determined immediately after 

harvest by weighing the stem + leaves + flower head on an 

analytical balance. 

Number of Branches (count): The total number of 

branches per plant was recorded for each treatment. 

Flower Diameter (mm): Measured circularly across the 

flower head using a digital caliper. 

Fresh Root Weight (g): The fresh weight of roots was 

measured on an analytical balance after harvesting and 

uprooting the plants. 

Root Length (cm): Measured as the distance from the 

point of root emergence to the tip of the longest root after 

harvest. 

Yield (flowers/plot): Determined by counting the total 

number of flowers harvested from each plot throughout the 

season. 

 

Experimental Design and Statistical Analysis 

The experiment was established using a randomized 

complete block design with three replications, with 10 

seedlings per replication. The obtained data were analyzed 

using analysis of variance (ANOVA) with the SPSS 

software package (Version 26.0), and Duncan’s multiple 

range test was applied for mean comparisons. 

 

Results and Discussion 

 

The growth parameters examined in the gerbera ‘Dark 

Pink’ cultivar are presented in Table 2. The model 

established across the applied doses was found to be 

statistically significant. Highly significant differences were 

determined for full flowering time (p < 0.001), stem 

thickness (p < 0.001), and stem length (p < 0.001) (Table 

2). The effect of the treatments on full flowering time was 

found to be highly significant. In the control group, the full 

flowering time was the longest at 50.84 days. VC and HA 

applications significantly shortened the full flowering 

period. In particular, the 500 VC+2000 HA treatment 

exhibited the shortest flowering time of 42.55 days. The 

250 VC + 500 HA, 250 VC+1000 HA, and 500 VC+1000 

HA treatments formed a similar statistical group and also 

resulted in earlier flowering compared to the control. These 

findings indicate that increasing doses of VC and HA 

accelerated generative development in the plants. 

Regarding stem thickness, the treatments showed highly 

significant differences. The control group and the 250 

VC+500 HA treatment had the lowest stem thickness 

values and belonged to the same statistical group. 

Increasing the HA dose resulted in a marked increase in 

stem thickness. The highest stem thickness (7.70 mm) was 

obtained in the 500 VC+1000 HA treatment, with the 500 

VC+2000 HA treatment falling into a similar statistical 

group. These results demonstrate that particularly high VC 

doses play a decisive role in stem development. Stem 

length was also significantly affected by the treatments. 

The control group had the shortest plants at 31.41 cm.  

VC and HA applications substantially increased stem 

length. The tallest plants (54.33 cm) were obtained in the 

500 VC+2000 HA treatment, followed by 500 VC+1000 

HA and 250 VC+1000 HA. These findings indicate that 

higher doses of VC and HA notably promote vegetative 

growth compared to lower-dose applications. The results 

of this study are largely consistent with previous research 

conducted on ornamental plants. For example, VC applied 

at different rates shortened germination time and enhanced 

vegetative growth in marigold (Shafique et al., 2021). 

Similarly, in French marigold, the addition of VC to the 

growing medium increased plant height and dry matter 

accumulation (Atiyeh et al., 2002). In gerbera, substrate 

mixtures containing VC positively influenced plant height, 

leaf development, and root system growth (Ali et al., 

2024). VC has also been reported to improve flowering and 

flower quality in other ornamental species. In zinnia and 

petunia, growing media containing VC enhanced flower 

diameter, flower number, and bud development (Sultana et 

al., 2015; Singh et al., 2023). High VC applications in 

African violet improved germination, seedling quality, and 

flowering traits (Shafique et al., 2023). These findings 

parallel the early flowering and enhanced plant growth 

observed in the current study.The effects of HA on 

flowering and flower quality in ornamental plants have also 

been widely reported. Previous studies have shown that 

HA increases the number of buds, promotes flowering, and 

extends vase life (Dudley et al., 2004; Nikbakht et al., 

2008; Mohammadipour et al., 2012). In chrysanthemum, 

gladiolus, and gerbera, high-dose HA applications 

positively affected flower number and plant growth 

(Pradeep et al., 2014; Palanisamy et al., 2015). The results 

of the present study confirm that HA supports both 

vegetative and generative growth by regulating nutrient 

uptake and exhibiting auxin-like hormonal effects. Indeed, 

studies on various ornamental plants have reported that HA 

increases chlorophyll content and photosynthetic activity, 

leading to earlier flowering and higher yield (Azooz, 2009; 

Hasan, 2019). Additionally, foliar applications of HA have 

been reported to accelerate flowering and increase flower 

number (Ricardo et al., 1993; Evans & Li, 2003). Overall, 

this study demonstrates that the combined application of 

VC and HA shortens the time to full flowering, increases 

stem thickness and stem length, and improves overall plant 

quality. 

 

Table 2. Effects of vermicompost and humic acid applications on flowering time, stem thickness, and stem length in the 

“Dark Pink” cultivar 

Treatment Flowering time (day) Stem thickness (mm) 
Stem length 

(cm) 

Control 50.84±2.10 a 4.43±0,09 c 31.41±2.37 d 

250VC+500HA 46.77±1.51 b 4.72±0.51 c 43.96±1.90 c 

250VC+1000HA 46.19±2.07 b 6.41±0.23 b 48.50±1.57 b 

500VC+1000HA 45.61±1.04 b 7.70±0.22 a 50.99±0.85 b 

500VC+2000HA 42.55±0.90 c 7.23±0.59 a 54.33±2.04 a 

p-value  < 0.001  < 0.001  < 0.001 
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Table 3. Effects of vermicompost and humic acid applications on yield, shoot weight, and number of branches in the 

“Dark Pink” cultivar 

Treatment Yield (flowers/branch) 
Shoot weight 

(g) 
Number of branches (piece) 

Control 5.00±1.00 c 9.02±1.55 b 1.33±0.57 

250VC+500HA 9.00±1.00 b 13.68±2.15 a 1.33±0.57 

250VC+1000HA 14.33±1.52 a 16.27±1.45 a 1.15±1.15 

500VC+1000HA 14.66±1.52 a 14.17±2.17 a 2.33±0.57 

500VC+2000HA 15.00±1.73 a 13.72±4.03 a 2.33±0.57 

p-value < 0.001 <0.05 ns. 

ns: not significant  

 
The effect of the treatments on yield per branch was 

found to be highly significant. In the control group, yield 
per branch was the lowest at 5.00 flowers. VC and HA 
applications significantly increased yield. The highest 
yields were recorded in the 250 VC + 1000 HA, 500 VC + 
1000 HA, and 500 VC + 2000 HA treatments, with 14.33, 
14.66, and 15.00 flowers per branch, respectively, and 
these treatments belonged to the same statistical group. The 
250 VC + 500 HA treatment also increased yield compared 
to the control but was lower than the higher-dose 
applications. These findings indicate that increasing VC 
and HA doses have a pronounced positive effect on 
generative yield.Regarding shoot weight, significant 
differences were detected among the treatments. The 
control group had the lowest shoot weight at 9.02 g. VC 
and HA applications increased shoot weight, with the 
highest values observed in the 250 VC + 500 HA, 250 VC 
+ 1000 HA, 500 VC + 1000 HA, and 500 VC + 2000 HA 
treatments. These treatments belonged to the same 
statistical group and resulted in higher shoot weight 
compared to the control. These results demonstrate the 
positive effect of VC and HA applications on branch 
biomass.No statistically significant differences were found 
in the number of branches among the treatments. The 
control and low-dose treatments had 1.33 branches per 
plant, whereas the 500 VC + 1000 HA and 500 VC + 2000 
HA treatments had 2.33 branches. However, these 
increases were not statistically significant. This suggests 
that the number of branches is influenced more by genetic 
factors or environmental conditions than by VC and HA 
applications. Overall, the VC and HA combinations 
positively and significantly affected yield per branch and 
shoot weight, but did not produce a significant effect on 
branch number. The findings of this study are consistent 
with previous research reporting the positive effects of VC 
and VC leachate on plant growth and yield. These organic 
inputs have been reported to support both vegetative and 
generative development in different plant species 
(Masondo et al., 2016; Cabilovski et al., 2023). Moreover, 
the combined use of VC with inorganic fertilizers has been 

shown to increase biomass accumulation more than single 
applications (Bidabadi et al., 2016). Studies on legumes 
and field crops have reported similar results. In beans, 
combined application of VC and its leachate increased 
plant height, pod number, and lateral branch formation, 
enhancing growth and yield parameters (Ayyobi et al., 
2014). In maize, VC leachate applications significantly 
increased both grain and stem yield (More et al., 2013). 
These findings indicate that VC-based treatments can 
enhance yield and biomass accumulation not only in 
ornamental plants but also in various agricultural 
production systems.In summary, this study demonstrates 
that VC and HA combinations improve generative 
performance by increasing yield per branch and shoot 
weight, whereas the number of branches is largely 
unaffected. The results suggest that the combined use of 
VC and HA may be an effective strategy to enhance both 
yield and quality, supporting the existing literature in this 
field. The effect of the treatments on flower diameter was 
found to be statistically significant. In the control group, 
flower diameter was the lowest at 72.19 mm. VC and HA 
applications significantly increased flower diameter. All 
treatment groups exhibited higher flower diameter 
compared to the control and belonged to the same 
statistical group. The largest flower diameter (93.92 mm) 
was obtained in the 500 VC + 1000 HA treatment, closely 
followed by the 500 VC + 2000 HA treatment. These 
findings indicate that VC and HA applications positively 
influence flower development. Regarding fresh root 
weight, the treatments showed highly significant 
differences. The control group had the lowest fresh root 
weight at 17.64 g. VC and HA applications significantly 
increased root weight, with the highest value of 35.78 g 
recorded in the 500 VC + 2000 HA treatment. Other 
treatments also exhibited higher values compared to the 
control and belonged to the same statistical group. These 
results demonstrate that increasing VC and HA doses 
markedly enhance root biomass. For root length, highly 
significant differences were observed among the 
treatments. 

 

Table 4. Effects of vermicompost and humic acid applications on flower diameter, root weight, and root length in the 

“Dark Pink” cultivar 

Treatment Flower diameter (mm) 
Root weight 

(g) 

Root length 

(cm) 

Control 72.19±10.5 b 17.64±1.21 c 14.14±1.16 c 

250VC+500HA 87.59±2.36 a 25.15±1.52 b 17.36±1.16 c 

250VC+1000HA 88.68±4.96 a 23.06±5.49 b 22.70±2.21 b 

500VC+1000HA 93.92±6.74 a 26.35±1.41 b 27.42±2.69 a 

500VC+2000HA 93.82±1.64 a 35.78±1.17 a 29.58±2.41 a 

p-value < 0.01 < 0.001 < 0.001 
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The control and 250 VC + 500 HA treatments showed 

the shortest roots and belonged to the same statistical 

group. Increasing VC and HA doses resulted in notable 

increases in root length. The longest roots (29.58 cm) were 

obtained in the 500 VC + 2000 HA treatment, followed by 

the 500 VC + 1000 HA treatment. These findings indicate 

that high-dose VC and HA applications substantially 

promote root development. Overall, the combination of VC 

and HA positively and significantly affected all measured 

parameters related to flower diameter and root 

development. The results of this study are consistent with 

previous research reporting the positive effects of VC and 

its leachate on root development and biomass 

accumulation. Studies on different plant species have 

shown that VC increases root length and biomass, and 

leachate applications further enhance this effect (Kosem et 

al., 2022; Loera-Muro et al., 2021; Barrios-Lopez et al., 

2025). VC is an active biological mixture composed of 

bacteria, enzymes, plant residues, animal manure, and 

earthworm casts, and it enhances microbial activity in the 

growing medium by accelerating the decomposition of 

organic matter (Bremness, 1999). These beneficial effects 

are thought to be related to the improvement of soil 

structure by organic material and the increased availability 

and uptake of nutrients by plants. Previous studies on plant 

fresh and dry weights have also demonstrated that VC 

applications can substantially enhance biomass 

accumulation. In species such as onion, spinach, carrot, and 

okra, VC has been reported to improve soil physical and 

chemical properties, facilitating nutrient uptake and 

thereby significantly increasing plant fresh weight 

compared to control treatments (Xu & Mou, 2016; Baliah 

et al., 2017; El-Shaieny et al., 2022; Kovacik et al., 2022). 

Although studies focusing specifically on ornamental 

plants are limited, the current findings support the 

agronomic and morphological benefits of VC and its 

leachate. In Zinnia elegans, growing media containing VC 

significantly increased flower diameter, while in petunia 

and African violet, VC improved flowering and overall 

plant quality (Chamani, 2008; Sultana et al., 2015; Singh 

et al., 2023; Shafique et al., 2023). Moreover, the positive 

effects of HA applications on flowering and biomass 

parameters have been emphasized in the literature. In 

chrysanthemum, high-dose HA applications increased 

flower number (Mazhar et al., 2012), and similar results 

have been reported in gladiolus and gerbera (Pradeep et al., 

2014; Palanisamy et al., 2015). HA exhibits direct 

hormone-like effects and, through its redox and chelating 

properties, enhances the uptake of essential plant nutrients 

such as Na, K, Mg, Zn, Ca, Fe, and Cu (Sanchez-Sanchez 

et al., 2002). In addition, it stimulates soil microbial 

activity, improves soil structure, and promotes root and 

shoot development (Atiyeh et al., 2002). The positive 

effects of HA on plant growth are attributed not only to its 

enhancement of nutrient uptake but also to its role in 

hormonal regulation processes (Nikbakht et al., 2008).  The 

effects of the treatments on the time to full flowering were 

found to be statistically highly significant. The longest time 

to full flowering was recorded in the control group, with a 

value of 49.74 days. VC and HA applications shortened the 

flowering period, with the shortest duration (41.11 days) 

obtained from the 500VC + 2000HA treatment. The 

250VC + 1000HA and 500VC + 1000HA treatments also 

promoted earlier flowering compared to the control and 

were classified within similar statistical groups. These 

results indicate that increasing VC and HA doses markedly 

accelerated the flowering process.Statistically significant 

differences were also detected among treatments in terms 

of stem diameter. The control group exhibited one of the 

lowest stem diameter values, measuring 5.19 mm. VC and 

HA applications increased stem thickness, with the highest 

value (7.78 mm) recorded in the 500VC + 2000HA 

treatment. The 500VC + 1000HA treatment also resulted 

in high stem diameter values and was statistically distinct 

from the control. These findings demonstrate that 

particularly higher doses of VC and HA positively 

influence stem development.With respect to stem length, 

statistically highly significant differences were observed 

among treatments. The control group showed the shortest 

plants, with an average height of 46.09 cm. VC and HA 

applications significantly increased stem length, and the 

tallest plants (59.40 cm) were obtained from the 500VC + 

2000HA treatment. The 250VC + 1000HA and 500VC + 

1000HA treatments also produced taller plants compared 

to the control and were grouped within similar statistical 

categories. These results suggest that increasing VC and 

HA doses stimulate vegetative growth.Overall, the 

findings demonstrate that VC and HA combinations exert 

positive and statistically significant effects on time to full 

flowering, stem diameter, and stem length. The results 

obtained in this study are largely consistent with those 

reported in the literature. Previous studies have shown that 

VC enhances shoot length, leaf number, and flowering 

characteristics in various ornamental plants. In Zinnia 

elegans, the incorporation of VC at rates of 10–20% into 

the growing medium was reported to improve growth and 

flowering parameters, supporting the findings of the 

present study (Sultana et al., 2015). The effects of the 

treatments on the time to full flowering were found to be 

statistically highly significant. The longest time to full 

flowering was recorded in the control group, with a value 

of 49.74 days.

 

Table 5. Effects of vermicompost and humic acid applications on flowering time, stem thickness, and stem length in the 

“Transvaal” cultivar 

Treatment Flowering time (day) Stem thickness (mm) 
Stem length 

(cm) 

Control 49.74±1.33 a 5.19±0.64 c 46.09±0.55 d 

250VC+500HA 46.48±0.95 b 5.70±0.29 bc 53.37±0.99 c 

250VC+1000HA 43.22±1.61 cd 6.25±0.60 bc 57.00±1.58 b 

500VC+1000HA 44.19±1.43 bc 6.89±0.73 ab 56.68±0.99 b 

500VC+2000HA 41.11±0.97 d 7.78±0.93 a 59.40±0.91 a 

p-value < 0.001 < 0.01 < 0.001 
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VC and HA applications shortened the flowering 

period, with the shortest duration (41.11 days) obtained 

from the 500VC + 2000HA treatment. The 250VC + 

1000HA and 500VC + 1000HA treatments also promoted 

earlier flowering compared to the control and were 

classified within similar statistical groups. These results 

indicate that increasing VC and HA doses markedly 

accelerated the flowering process.Statistically significant 

differences were also detected among treatments in terms 

of stem diameter. The control group exhibited one of the 

lowest stem diameter values, measuring 5.19 mm. VC and 

HA applications increased stem thickness, with the highest 

value (7.78 mm) recorded in the 500VC + 2000HA 

treatment. The 500VC + 1000HA treatment also resulted 

in high stem diameter values and was statistically distinct 

from the control. These findings demonstrate that 

particularly higher doses of VC and HA positively 

influence stem development.With respect to stem length, 

statistically highly significant differences were observed 

among treatments. The control group showed the shortest 

plants, with an average height of 46.09 cm. VC and HA 

applications significantly increased stem length, and the 

tallest plants (59.40 cm) were obtained from the 500VC + 

2000HA treatment. The 250VC + 1000HA and 500VC + 

1000HA treatments also produced taller plants compared 

to the control and were grouped within similar statistical 

categories. These results suggest that increasing VC and 

HA doses stimulate vegetative growth.Overall, the 

findings demonstrate that VC and HA combinations exert 

positive and statistically significant effects on time to full 

flowering, stem diameter, and stem length. The results 

obtained in this study are largely consistent with those 

reported in the literature. Previous studies have shown that 

VC enhances shoot length, leaf number, and flowering 

characteristics in various ornamental plants. In Zinnia 

elegans, the incorporation of VC at rates of 10–20% into 

the growing medium was reported to improve growth and 

flowering parameters, supporting the findings of the 

present study (Sultana et al., 2015). Similarly, Atiyeh et al. 

(2000) reported increased plant height in tomato plants 

grown in substrates containing VC.The growth-promoting 

effects of VC are not limited to ornamental plants but have 

also been demonstrated in different species. In Phaseolus 

vulgaris, increases in plant height and leaf development 

were associated with enhanced yield (Singh and Chauhan, 

2009), while in gladiolus, an increase in leaf number was 

reported to be closely related to plant growth (Chaudhary 

et al., 2013). These positive effects are thought to result 

from the well-decomposed structure of VC, which 

facilitates the availability of nutrients to plants. Moreover, 

the safe application of VC from early growth stages 

ensures a sustained positive effect on plant development. 

The beneficial effects of VC have been clearly 

demonstrated in numerous ornamental species, including 

chrysanthemum (Padamanabhan, 2021), cymbidium 

orchid (Hatamzadeh, 2011), and marigold (Tagetes spp.) 

(Tyagi and Kumar, 2006). Due to its high content of readily 

available minerals, VC improves both soil quality and plant 

growth (Birkhofer et al., 2008; Yang et al., 2015; Abd-

Elrahman et al., 2022).The effects of HA applications on 

flowering characteristics and plant morphology are also 

supported by previous studies. In Zinnia elegans, HA 

levels were reported to significantly affect flowering time 

and plant growth (Khan et al., 2020). Similarly, humic and 

fulvic acid applications were shown to improve flowering 

characteristics in Dendranthema grandiflorum (El-Baset 

and Kasem, 2022). The auxin-like hormonal activity of 

humic substances and their role in regulating physiological 

processes are considered key mechanisms underlying the 

acceleration of flowering and enhanced plant growth. 

Consistently, HA applications were also reported to 

increase yield and flower number in Tagetes erecta (Azam 

et al., 2022). According to Khan et al. (2020), the positive 

relationship observed between HA application and branch 

number may be attributed to the enhanced activity of humic 

substances, which significantly increase shoot proliferation 

and promote maximum nutrient uptake from the 

soil.Baldotto and Baldotto (2013) reported that the 

application of HA to soil significantly increased the 

number of flowers in ornamental sunflower. They further 

indicated that HA application enhances flower stem length, 

as it plays a crucial role not only in cell elongation but also 

in cell expansion. The effects of the treatments on yield per 

branch were found to be statistically highly significant. The 

control group exhibited the lowest yield per branch, with a 

value of 7.66 units. VC and HA applications significantly 

increased yield. The highest yield (18.00 units per branch) 

was obtained from the 250VC + 1000HA treatment, while 

the 500VC + 2000HA and 250VC + 500HA treatments 

also produced high yield values and were classified within 

the same statistical group. Although the 500VC + 1000HA 

treatment resulted in a higher yield than the control, it 

remained lower than that achieved with the highest-dose 

applications. These findings indicate that VC and HA 

combinations exert a pronounced enhancing effect on 

generative yield.Statistically highly significant differences 

were also observed among treatments with respect to 

branch weight.

Table 6. Effects of vermicompost and humic acid applications on yield, branch weight, and number of branches number 

in the ‘Transvaal’ cultivar. 

Treatment 

 
Yield (flowers/branch) 

Shoot weight 

(g) 
Number of branches (piece) 

Control 7.66±0.57 c 11.61±0.80 c 1.33±0.57 

250VC+500HA 15.66±1.52 ab 15.44±0.49 b 1.66±0.57 

250VC+1000HA 18.00±2.00 a 15.25±1.53 b 2.33±0.57 

500VC+1000HA 14.00±1.00 b 17.48±1.94 ab 2.33±0.57 

500VC+2000HA 16.00±1.10 ab 19.40±0.93 a 2.66±1.15 

p-value  < 0.001  < 0.001 n.s. 

ns: not significant 
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The lowest branch weight was recorded in the control 

group (11.61 g). VC and HA applications increased branch 

weight, with the highest value (19.40 g) obtained from the 

500VC + 2000HA treatment. The 500VC + 1000HA 

treatment also resulted in high branch weight values and 

was grouped statistically with the highest-dose treatment. 

These results demonstrate that increasing VC and HA 

doses, in particular, positively affect branch biomass.No 

statistically significant differences were detected among 

treatments in terms of tiller number. In the control and low-

dose treatments, tiller number ranged between 1.33 and 

1.66, whereas this value increased to 2.33 in the 250VC + 

1000HA and 500VC + 1000HA treatments, reaching a 

maximum of 2.66 in the 500VC + 2000HA treatment. 

However, these increases were not statistically significant. 

This suggests that tillering may be influenced more 

strongly by the plant’s genetic characteristics and 

environmental conditions than by the applied 

treatments.The findings of the present study are largely 

consistent with previous research demonstrating the 

positive effects of VC and HA applications on biomass 

production and yield. HA primarily acts as a soil 

conditioner rather than functioning directly as a fertilizer, 

improving soil physical properties by increasing the 

population of soil microorganisms. It can also regulate soil 

pH and influence the activity and/or concentration of 

enzymes and hormones. These effects promote nutrient 

uptake, germination, and root development.  
Consequently, humic acid contributes to increases in 

both yield and product quality (Zhang et al., 2010; Eneji et 
al., 2013). 

VC applications have been reported to increase 
biomass in mint, chili pepper, and tomato, and to enhance 
dry matter accumulation and yield in ornamental plants 
(Narkhede et al., 2011; Moghadam et al., 2012; Zariri et 
al., 2014; Zucco et al., 2015). In strawberry, notable 
increases in leaf area and shoot biomass have also been 
reported (Arancon et al., 2004). Nair and Bharathi (2015) 
demonstrated that a growing medium composed of 
cocopeat + sand + farmyard manure (FYM) + VC 
increased branch number, thereby enhancing the number of 
flowers per plant. Similarly, previous studies have shown 
that VC-containing substrates promote growth in various 
ornamental plants, leading to increases in plant height, 
canopy spread, and overall growth parameters (Bachman 
and Davis, 2000; Atiyeh et al., 2002).The positive effects 
of HA applications on both vegetative and generative 
development have also been widely documented. High 
doses of HA have been reported to increase leaf and branch 
numbers, an effect associated with improved mineral 
uptake and hormone-like activity (Nikbakht et al., 2008; 
Kamari Shahmaleki et al., 2010). Furthermore, HA has 

been shown to support biomass formation in different plant 
species by increasing leaf area and shoot dry matter 
accumulation (Abdel-Mawgoud et al., 2007; Morard et al., 
2011; Fan et al., 2015). The effects of the treatments on 
flower diameter were found to be statistically highly 
significant. The control group exhibited the smallest flower 
diameter, with a value of 74.14 mm. VC and HA 
applications significantly increased flower diameter, with 
the highest values recorded in the 250VC + 1000HA and 
500VC + 2000HA treatments, measuring 97.13 and 98.33 
mm, respectively. The 250VC + 500HA and 500VC + 
1000HA treatments also produced larger flower diameters 
than the control; however, their values remained lower than 
those obtained with the highest-dose applications. These 
results indicate that flower development was markedly 
promoted with increasing VC and HA doses. Statistically 
highly significant differences were also observed among 
treatments in terms of root weight. The control and 250VC 
+ 500HA treatments exhibited the lowest root weight 
values and were grouped within the same statistical 
category. Increasing VC and HA doses led to a substantial 
increase in root weight, with the highest value (35.51 g) 
obtained from the 500VC + 2000HA treatment. The 
250VC + 1000HA and 500VC + 1000HA treatments also 
produced high root weight values and were classified 
within similar statistical groups. These findings 
demonstrate that particularly higher VC and HA doses 
exert a pronounced effect on root biomass accumulation. 
With respect to root length, statistically highly significant 
differences were detected among treatments. The shortest 
root length was observed in the control group (15.84 cm). 
VC and HA applications significantly increased root 
length, with the longest roots (27.46 cm) recorded in the 
500VC + 2000HA treatment. The 500VC + 1000HA 
treatment also resulted in comparably high root length 
values. These results indicate that VC and HA 
combinations effectively promote root system 
development. The findings of the present study are largely 
consistent with those reported in the literature. Atiyeh et al. 
(2002) reported that VC-containing treatments enhanced 
vegetative growth in French marigold. Similarly, Alvarez 
and Grigera (2005) emphasized that VC increased root 
number, thereby improving the plant’s nutrient uptake 
capacity. Moreover, the combined use of VC with 
biofertilizers and mycorrhizal inoculation has been shown 
to further enhance plant growth and root development, 
particularly under protected cultivation conditions 
(Swarupa et al., 2019). There is evidence indicating that 
VC contains vitamin B₁₂ and various plant growth 
regulators (Atiyeh et al., 2000). The physicochemical 
properties of humic substances present in VC are thought 
to enhance plant yield by increasing the retention and 
storage capacity of nutrients and growth regulators 
(Arancon et al., 2005). 

 

Table 7. Effects of vermicompost and humic acid applications on flower diameter, root weight, and root length in the 

‘Transvaal’ cultivar. 

Treatment Flower diameter (mm) 
Root weight 

(g) 

Root length 

(cm) 

Control 74.14±3.43 c 24.62±1.08 c 15.84±0.81 c 

250VC+500HA 89.44±1.37 b 24.72±0.72 c 22.18±1.88 b 

250VC+1000HA 97.13±2.10 a 28.71±2.14 b 24.88±2.23 ab 

500VC+1000HA 90.40±2.53 b 29.92±1.17 b 25.40±1.33 a 

500VC+2000HA 98.33±6.31 a 35.51±0.78 a 27.46±1.31 a 

p-value < 0.001 < 0.001 < 0.001 
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This effect is also associated with increases in the activity 
and dynamics of soil microorganisms (Arancon et al., 
2004). VC is an active biological mixture composed of 
bacteria, enzymes, plant residues, animal manure, and 
earthworm cocoons, and it promotes microbial activity in 
the growing medium by accelerating the decomposition of 
organic matter (Bremness, 1999). Improvements in the root 
system are well known to support overall plant growth and 
development.Numerous studies have also documented the 
beneficial effects of HA applications on root and flower 
development in ornamental plants. In gerbera, particularly 
high doses of HA were reported to increase root volume as 
well as flower fresh and dry weight (Afarin et al., 2022). In 
addition, HA applications have been shown to increase 
flower number (Haghighi and Nikbakht, 2021). These 
effects are thought to be associated with the ability of HA 
to enhance nutrient uptake and to exert hormone-like 
activity.Previous studies have further demonstrated that 
foliar-applied HA promotes both vegetative and generative 
development in various ornamental and medicinal plants. 
In calendula, increases in plant height, leaf and branch 
number, root length, and pigment content have been 
reported following HA application (Hasan, 2019).  

Overall, the present study demonstrates that VC and 
HA applications particularly at higher combined doses 
significantly enhance flower and root development. These 
findings suggest that the combined use of VC and HA 
represents an effective management strategy for improving 
plant quality in ornamental crops and provide further 
support for the existing literature. 
 

Conclusion 

 

This study investigated the effects of VC and HA 

applications on the growth and development of the Dark 

Pink and Transvaal gerbera varieties. The results 

demonstrated that VC and HA applications had significant 

and positive effects on both morphological and generative 

traits in both varieties.Regarding full flowering time, the 

treatments significantly shortened the flowering period 

compared to the control. In particular, high-dose VC (500 

ppm) combined with high-dose HA (1000–2000 ppm) 

resulted in the shortest flowering times in both varieties, 

thereby accelerating generative development. Stem 

thickness and stem length were markedly increased with 

VC and HA applications. While morphological 

development was limited in the control group, increasing 

doses significantly promoted vegetative growth in both 

varieties. Moreover, yield per branch and shoot weight 

were enhanced, with the most pronounced increases 

observed in the high-dose combinations. Other 

morphological parameters, including flower diameter, root 

length, and root weight, also increased with VC and HA 

treatments. Combinations of 500 ppm VC and 1000–2000 

ppm HA achieved the highest values in both varieties, 

maximizing both vegetative and generative performance. 

Overall, VC and HA applications improved both 

vegetative and generative growth, enhancing yield and 

quality in Dark Pink and Transvaal gerbera varieties. These 

findings suggest that the use of organic resources can 

support efficient production while reducing environmental 

impacts, contributing to sustainable ornamental plant 

cultivation. 
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