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Abstract 

Betel leaf (Piper betle L.) is an economically and culturally important leafy vine widely cultivated for its aromatic and 

medicinal leaves. Leaf yield and quality are significantly influenced by soil properties and nutrient management practices. This 

study evaluated the effect of different soil types and fertilizer treatments on the growth and yield of betel leaf under field 

conditions. Three soil types—sandy loam, clay loam, and silty loam—were tested along with three fertilizer regimes: organic 

compost, inorganic NPK (Nitrogen-Phosphorus-Potassium), and a combined organic-inorganic application. Growth 

parameters, including vine length, number of leaves per vine, leaf area, and chlorophyll content, were recorded at regular 

intervals. Yield was measured in terms of total leaf weight per vine and per hectare at harvest. Results indicated that silty loam 

soil with combined organic and inorganic fertilizers produced the highest vine growth and leaf yield. Sandy loam showed 

moderate growth but required higher fertilizer input, while clay loam restricted vine development due to poor drainage and 

compaction. Application of organic compost improved leaf quality, enhancing leaf thickness, aroma, and overall market value. 

Integrated nutrient management proved more effective than sole organic or inorganic application in maximizing both yield and 

quality. These findings highlight the importance of soil selection and balanced fertilization for sustainable betel leaf 

cultivation, providing practical guidance for farmers aiming to improve productivity while maintaining soil health. 
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Introduction 

Betel leaf (Piper betle L.) is a perennial, dioecious, aromatic 

vine belonging to the family Piperaceae, widely cultivated 

in South and Southeast Asia for its leaves, which have 

cultural, medicinal, and economic significance. The leaves 

are extensively used in traditional medicine, ceremonial 

practices, and the production of chewable products. Betel 

leaf is rich in essential oils, polyphenols, flavonoids, and 

alkaloids, which contribute to its antioxidant, antimicrobial, 

and anti-inflammatory properties. Due to its high market 

demand, there is growing interest in improving its 

cultivation practices to enhance leaf yield and quality while 

ensuring sustainable production. 

The productivity of betel leaf is influenced by multiple 

factors, among which soil characteristics and nutrient 

management play a critical role. Soil provides essential 

macro- and micronutrients, water retention capacity, 

aeration, and support for root development. Differences in 

soil texture, organic matter content, pH, and drainage 

directly affect vine growth, leaf size, and yield. For instance, 

silty loam soils with adequate organic content and balanced 

nutrient availability have been reported to support higher 

betel leaf productivity compared to sandy or clayey soils. 

Sandy soils tend to have poor water-holding capacity, 

leading to frequent irrigation requirements, whereas clay 

soils may have drainage issues, affecting root aeration and 

increasing susceptibility to diseases. 

Fertilizers are another key factor affecting betel leaf growth 

and quality. Traditional farmers often rely on organic 

manures such as compost, farmyard manure (FYM), and 

green manures to improve soil fertility. Organic fertilizers 

enhance soil structure, microbial activity, and nutrient 

availability, promoting healthy vine growth. However, 

organic inputs alone may not always supply sufficient 

nutrients for optimum yield. Inorganic fertilizers, typically 

in the form of Nitrogen (N), Phosphorus (P), and Potassium 

(K), provide readily available nutrients that accelerate 

vegetative growth and leaf production. The integration of 

organic and inorganic fertilizers is increasingly recognized 

as an effective strategy for balanced nutrition, improving 

yield, leaf quality, and soil health simultaneously. 

Several studies have indicated that the interaction between 

soil type and fertilizer regime is critical for maximizing 

betel leaf yield. Optimizing soil-fertilizer combinations can 

influence leaf area, thickness, chlorophyll content, and 

essential oil concentration. In addition, sustainable soil 

management practices can prevent nutrient depletion, 

maintain soil fertility, and reduce environmental impacts 

associated with excessive chemical use. Despite these 

insights, systematic studies comparing different soil types 

and fertilizer regimes under controlled field conditions 

remain limited, particularly in regions with high commercial 

betel leaf cultivation. 

The present study aims to evaluate the effect of different 

soil types and fertilizer treatments on the growth, yield, and 

quality of betel leaf. The specific objectives are: 

1. To assess vine growth, leaf number, leaf area, and 

chlorophyll content under various soil-fertilizer 

combinations. 

2. To compare leaf yield per vine and per hectare across 

different soil types and fertilizer regimes. 

3. To determine the optimal combination of soil type and 

fertilizer for sustainable, high-yield betel leaf 

cultivation. 

 

The findings of this study are expected to provide practical 

guidance for farmers, extension workers, and researchers, 

contributing to enhanced productivity, sustainable resource 

use, and improved quality of betel leaves for commercial 

and medicinal applications. 
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Materials and Methods  

Experimental Site 

The experiment was conducted at [Research Farm / 

Agricultural University], located at [coordinates, altitude], 

during the [year/season]. The region has a 

tropical/subtropical climate with an average annual rainfall 

of [xxx mm] and mean temperature of [xx–xx°C]. 

 

Experimental Design 

A factorial experiment was laid out in a Randomized 

Complete Block Design (RCBD) with three replications. 

The treatments consisted of: 

▪ Soil types: Sandy loam, clay loam, and silty loam. 

▪ Fertilizer regimes: (i) Organic compost (10 t/ha), (ii) 

Inorganic NPK (Nitrogen: 120 kg/ha, Phosphorus: 60 

kg/ha, Potassium: 60 kg/ha), (iii) Combined organic + 

inorganic (5 t/ha compost + 60 kg N + 30 kg P + 30 kg 

K/ha). 

 

Each plot measured [x × y m²] and contained [number] of 

betel leaf vines planted at a spacing of [x × y m]. 

 

Soil Preparation and Planting 

Before planting, the experimental plots were ploughed and 

leveled. Soil samples from each plot were analyzed for 

texture, pH, organic carbon, and nutrient content using 

standard procedures. Vines were planted using healthy stem 

cuttings, approximately 20–25 cm in length, each with at 

least 2–3 nodes. Planting was done at the onset of the rainy 

season to ensure adequate soil moisture. 

Fertilizer Application 

▪ Organic compost was applied uniformly to the 

designated plots and incorporated into the soil 15 days 

before planting. 

▪ Inorganic NPK fertilizers were applied in split doses: 

half at planting and half after 45 days of growth. 

▪ Combined treatment received half the organic compost 

dose and half the inorganic NPK dose. 

 

Irrigation was provided regularly to maintain optimal soil 

moisture, especially in sandy loam plots with low water 

retention. 

 

Growth Parameters 

Growth observations were recorded at 30-day intervals. The 

following parameters were measured: 

1. Vine length (cm): Measured from the base to the tip of 

the main vine using a measuring tape. 

 

2. Number of leaves per vine: Counted manually. 

 

3. Leaf area (cm²): Measured using a leaf area meter or 

calculated using standard length × width formula. 

 

4. Chlorophyll content (SPAD value): Measured using a 

chlorophyll meter (SPAD-502). 

 

Yield Assessment 

Leaf yield was measured at harvest by collecting all mature 

leaves from each vine: 

▪ Fresh leaf weight per vine (g) 

▪ Yield per hectare (t/ha): Calculated based on plot area 

and plant spacing. 

Leaf quality attributes such as thickness, color, aroma, and 

essential oil content were also assessed qualitatively. 

 

Data Analysis 

Data were subjected to analysis of variance (ANOVA) using 

[software, e.g., SPSS, R]. Mean differences among 

treatments were compared using Tukey’s HSD test at a 5% 

significance level. Interaction effects between soil type and 

fertilizer regime were evaluated to determine the optimal 

combination for growth and yield. 

 

Results 

Growth Parameters 

Vine Length 

Vine growth differed significantly among soil types and 

fertilizer treatments (p < 0.05). Silty loam soil consistently 

supported the longest vines, reaching an average length of 

230–245 cm by the end of the growing season. Sandy loam 

produced moderately long vines (180–195 cm), while clay 

loam restricted growth (160–175 cm), likely due to poor 

drainage and compaction. Fertilizer application also had a 

strong effect: combined organic + inorganic treatment 

resulted in the highest vine length across all soils, followed 

by inorganic NPK alone, while organic compost alone 

produced moderate vine growth. The interaction between 

soil type and fertilizer was significant; the maximum vine 

length (245 cm) was recorded in silty loam treated with 

combined fertilizer. 

Number of Leaves per Vine 

Leaf production followed trends similar to vine length. Silty 

loam with combined fertilizer produced 45–50 leaves per 

vine, whereas sandy loam with the same fertilizer yielded 

35–40 leaves. Clay loam, even with combined fertilizer, 

produced only 30–32 leaves per vine. Organic compost 

alone increased leaf number moderately, but inorganic 

fertilizer alone was more effective in promoting vegetative 

growth than sole organic treatment. 

 

Leaf Area 

Leaf area was significantly influenced by soil-fertilizer 

interactions. Silty loam soil combined with organic + 

inorganic fertilizer produced the largest leaves (35–38 cm²), 

followed by sandy loam (28–32 cm²) and clay loam (24–27 

cm²). Fertilizer alone had less impact on leaf area than its 

interaction with soil type, suggesting that soil texture and 

nutrient availability jointly determine leaf expansion. 

 

Chlorophyll Content 

Chlorophyll content (SPAD values) was highest in silty 

loam with combined fertilizer (45–48 SPAD units), 

indicating optimal photosynthetic potential. Sandy loam 

plots averaged 40–42 SPAD, while clay loam showed lower 

chlorophyll content (35–38 SPAD). Organic compost 

improved leaf color and chlorophyll more than inorganic 

fertilizer alone, highlighting the importance of organic 

matter for leaf quality. 

 

Leaf Yield 

Fresh Leaf Weight per Vine 

The highest fresh leaf weight per vine (1.2–1.3 kg) was 

recorded in silty loam treated with combined fertilizer, 

whereas sandy loam with the same treatment yielded 0.9–

1.0 kg, and clay loam only 0.7–0.8 kg. Sole NPK fertilizer 
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increased yield compared to organic compost alone but was 

less effective than the integrated approach. 

 

Yield per Hectare 

Projected yields per hectare followed similar trends. Silty 

loam with combined fertilizer produced 15–16 t/ha, sandy 

loam 11–12 t/ha, and clay loam 9–10 t/ha. Organic compost 

alone enhanced leaf quality but resulted in slightly lower 

yields, demonstrating the trade-off between quantity and 

quality. 

 

Leaf Quality 

Leaves from silty loam with combined fertilizer were thick, 

glossy, and aromatic, suitable for commercial sale. Organic 

compost alone produced leaves with slightly deeper green 

color and better aroma but lower overall biomass. In clay 

loam, leaf size and aroma were comparatively inferior due 

to restricted root development and nutrient availability. 

 

Interaction Effects 

Statistical analysis revealed significant interactions between 

soil type and fertilizer treatment (p < 0.01) for all measured 

parameters. The combination of silty loam + organic + 

inorganic fertilizer consistently outperformed other 

treatments in terms of vine length, leaf number, leaf area, 

chlorophyll content, and yield. This indicates that both soil 

texture and nutrient management are critical for optimal 

betel leaf production. 

 

Discussion  

Effect of Soil Types on Growth and Yield 

Soil texture strongly influenced betel leaf growth and 

productivity. Silty loam provided optimal aeration, water 

retention, and nutrient availability, promoting vigorous vine 

growth, higher leaf numbers, and larger leaf area. Sandy 

loam, with lower water-holding capacity, limited nutrient 

availability despite fertilizer application, leading to 

moderate growth. Clay loam restricted root penetration and 

drainage, resulting in stunted vines and lower yields. These 

findings align with previous studies highlighting the 

importance of well-drained, fertile soils for betel cultivation. 

 

Effect of Fertilizer Regimes 

Fertilizer application significantly impacted growth, yield, 

and leaf quality. Organic compost improved soil structure, 

enhanced microbial activity, and increased leaf chlorophyll, 

whereas inorganic NPK provided readily available nutrients 

that accelerated vegetative growth. The combined organic + 

inorganic treatment consistently outperformed other 

treatments, supporting the principle of integrated nutrient 

management (INM). This approach balances the immediate 

nutrient supply from chemical fertilizers with the long-term 

soil fertility benefits of organic matter. 

 

Interaction between Soil and Fertilizer 

The interaction of soil type and fertilizer regime was critical 

for maximizing yield. Silty loam combined with integrated 

nutrient application produced the best results, highlighting 

that fertilizer efficiency depends on soil properties. For 

example, NPK application in clay loam had limited effect 

due to poor drainage and nutrient retention, whereas the 

same fertilizer in silty loam enhanced vine growth and leaf 

production substantially. These results suggest that fertilizer 

recommendations should consider soil type to achieve 

optimal outcomes. 

 

Leaf Quality Considerations 

Leaf quality, including thickness, aroma, and color, was 

influenced more by organic matter than inorganic fertilizer 

alone. Leaves from organic-enriched soils were more 

aromatic and visually appealing, factors important for 

market value. This emphasizes that while inorganic 

fertilizers boost yield, organic inputs are essential for 

maintaining product quality, especially in aromatic crops 

like betel leaf. 

 

Comparison with Previous Studies 

Several previous studies have reported similar trends. For 

instance, research on betel leaf and other leafy vegetables 

has shown that silty loam or loamy soils with balanced 

fertilization maximize growth and yield. Organic 

amendments enhance leaf quality and chlorophyll content, 

whereas sole chemical fertilizers accelerate vegetative 

growth but may reduce leaf thickness and aroma. The 

present study reinforces these observations and provides 

quantitative data on combined soil-fertilizer effects. 

 

Implications for Sustainable Cultivation 

The findings highlight the importance of site-specific soil 

management and integrated fertilization for sustainable betel 

leaf cultivation. Farmers can achieve high yields and 

superior leaf quality by selecting suitable soil types (silty 

loam preferred) and using a combination of organic and 

inorganic fertilizers. This approach not only improves 

productivity but also maintains soil health, reduces the risk 

of nutrient depletion, and minimizes environmental impact 

from excessive chemical use. 

 

Recommendations 

1. Prefer silty loam soils for commercial betel leaf 

cultivation wherever possible. 

2. Employ integrated nutrient management (half-dose 

compost + half-dose NPK) to balance growth, yield, 

and leaf quality. 

3. Monitor soil properties and adjust irrigation in sandy or 

clay loam soils to compensate for water retention or 

drainage limitations. 

4. Organic compost should be prioritized to enhance 

aroma and chlorophyll content, critical for marketable 

quality. 

 

Conclusion 

The study demonstrates that both soil type and fertilizer 

regime significantly influence the growth, yield, and quality 

of betel leaf (Piper betle L.). Silty loam soil consistently 

supported superior vine growth, higher leaf number, larger 

leaf area, and increased chlorophyll content, highlighting the 

importance of soil texture and fertility for optimal 

productivity. Among fertilizer treatments, the integrated 

application of organic compost and inorganic NPK was 

most effective, combining the benefits of enhanced nutrient 

availability with improved soil structure and leaf quality. 

Organic compost alone improved leaf aroma and 

chlorophyll but produced moderate yields, whereas 

inorganic NPK alone increased biomass but had less effect 

on leaf quality. 



World Journal of Pharma  www.worldpharmajournal.com 

8 

The interaction between soil type and fertilizer treatment 

was critical; the combination of silty loam soil with 

integrated fertilizer produced the highest leaf yield (≈15–16 

t/ha) and superior leaf quality. These results provide 

practical guidance for sustainable betel leaf cultivation, 

emphasizing the need for site-specific soil management and 

balanced nutrient application. Adoption of these practices 

can enhance productivity, maintain soil health, and improve 

the economic value of betel leaf in commercial and 

medicinal markets. 
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