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ABSTRACT 

Tobacco plants require nitrogen and sulfur elements to enhance their yield and quality. The primary 

source of N and S elements is typically from ZA fertilizer. The availability of ZA fertilizer is limited; 

therefore, an alternative material containing N and S as a complementary material is required. A material 

that can be used as a complementary for ZA fertilizer is coconut shell biochar. This research aims to 

identify tobacco plants' growth and yield response and determine the best dose combination of ZA 

fertilizer and coconut shell biochar on the growth and yields of tobacco plants. The method used is 

experimental by design Randomized Block Design consisting of six treatments and four repetitions: 0 g 

ZA fertilizer + 375 g coconut shell biochar/plant, 6 g ZA fertilizer + 375 g coconut shell biochar/plant, 12 

g ZA fertilizer + 375 g coconut shell biochar/plant, 0 g ZA fertilizer + 563 g coconut shell biochar/plant, 

6 g ZA fertilizer + 563 g coconut shell biochar/plant, and 12 g ZA fertilizer + 563 g coconut shell 

biochar/plant. The research was conducted from April to July 2024 at Kebun Percobaan Ciparanje, 

Faculty of Agriculture, Universitas Padjadjaran. The experiment results indicated a significant response in 

tobacco plant growth and yield to applying ZA fertilizer and coconut shell biochar. The treatment of 12 g 

ZA fertilizer + 375 g coconut shell biochar/plant had the best results for tobacco plants' growth and yield 

variables. 

 

Keywords: N Fertilizer; Organic Matter; S Fertilizer 

 

 

 

Submitted : 14 October 2024 

Accepted : 12 November 2024 

Published : 15 November 2024 

 

mailto:djulafurqan@gmail.com


71 
 

Djula, F. M., Rosniawaty, S., Anjarsari, I. R. D. (2024). Response of tobacco plant growth and yield to combination doses of ZA 

fertilizer and coconut shell biochar. Surjan, 1(2): 70-77. 

INTRODUCTION 

 

Tobacco plants hold high economic value 

and can be processed into various products, 

including cigarettes, pesticides, biofuels, and 

cosmetics. Tobacco cultivation significantly 

impacts Indonesia's economy, mainly through 

the Tobacco Excise Tax and by providing 

employment opportunities for laborers in 

tobacco-growing regions (Rachmat, 2016). 

According to WHO (2018), the area used for 

tobacco plantation globally was 3.5 million 

hectares, with the production declining from 

2015 to 2018 at around 7 million tonnes in 2015 

to around 6.5 million tonnes in 2018. The 

decline of production and the importance of 

tobacco on an economic aspect highlight the 

need for increased production 

Activities like irrigation, watering, 

weeding, fertilization, and pruning are crucial to 

enhance tobacco yields. Proper fertilizer 

application is a pivotal strategy to boost 

productivity (Febrian et al., 2011). Applying 

fertilizers with appropriate doses, types, and 

methods is essential. Strategies include 

optimizing efficiency through techniques like 

the "five right principles" (right type, dose, time, 

location, and method), balancing macro and 

micronutrient applications during fertilizing 

processes, and utilizing plant analysis results 

along with fertilizer recommendations to 

determine optimal dosages (Mansyur et al., 

2021). ZA fertilizer is one of the most 

commonly used fertilizers for tobacco 

(Soemarah et al., 2020). 

ZA fertilizer is a fertilizer that contains 

nitrogen and sulfur. Its usage in tobacco farming 

is based on its lower nitrogen content than urea. 

Excessive nitrogen can prolong leaf drying 

times, complicate harvesting and drying 

processes, delay maturity, leading to immature 

dry leaves, cause leaf brittleness, and affect 

flavor preferences negatively (Sholeh et al., 

2000; Tirtosastro & Murdiyati, 2010; North 

Carolina State University, 2014). Nitrogen 

deficiency leads to reduced leaf quality, while 

excessive amounts may contaminate soils due to 

nitrogen dissolving quickly (North Carolina 

State University, 2014). The sulfur acts as a 

secondary macro element within ZA fertilizer, 

improving tobacco leaves' combustibility by 

enhancing flexibility, coloration, aroma 

retention, and increasing leaf quantity 

(Soemarah et al., 2020). Mukhlid (2017) stated 

that sulfur deficiency could hinder protein 

synthesis, causing chlorosis, which affects organ 

quality. Therefore, the availability of ZA 

fertilizer is essential for tobacco cultivation.  

The availability of ZA fertilizer has 

become an issue for farmers. According to 

Peraturan Menteri Pertanian No. 01 (2024), ZA 

does not qualify as subsidized agricultural 

inputs. Rising prices coupled with shortages 

make it challenging for farmers. Suryana et al. 

(2016) stated that ZA fertilizer shortages remain 

a recurring problem each year.  

Tobacco farmers need alternative 

materials to solve that problem and fulfill 

growth requirements. Adding nutrients via 

biochar derived from coconut shells offers 

potential solutions by improving physical, 

chemical, and biological conditions, thereby 

boosting land fertility levels (Rahayu et al., 

2019). Given Indonesia's abundant resources, 

biochars made from coconuts show significant 

ameliorative effects, including reducing acidity 

levels while maintaining long-lasting carbon 

storage capabilities comparable only slightly 

better than organic residues themselves 

(Jayyidah et al., 2023). Applying coconut shell 

biochar to soil can reduce soil acidity, 

enhancing crop yields. This biochar has a stable 

carbon content that can persist in the soil for 

extended periods (Putri et al., 2023). The carbon 

from coconut shell biochar remains in the soil 

longer than carbon derived from plant residues 

and manure (Adekiya et al., 2020). 

Coconut shell biochar can only partially 

replace the role of ZA fertilizer due to its 

deficient nitrogen (N) and sulfur (S) content. 

According to Sukartono and Utomo (2012), 

coconut shell biochar contains N 0.25-0.34% 

and S 0.02%. This finding aligns with research 

conducted by Purnomo et al. (2023), which 

demonstrated that tobacco cultivation relying 

solely on organic materials without ZA fertilizer 

resulted in the lowest outcomes across all 

growth and yield variables. Therefore, 

incorporating coconut shell biochar as a 

supplementary material can be effectively 

combined with ZA fertilizer at appropriate 

dosages to optimize the growth and yield of 

tobacco plants.  

The precise dosage of fertilizer 

significantly affects the growth of tobacco 

plants. According to research conducted by 

Bastian (2007), nitrogen (N) fertilization doses 

have a notable impact on the weight and quality 

of tobacco leaves. As a critical criterion in 

fertilization practices, fertilizer dosage also 

directly influences soil productivity through 

improvements in its physical, chemical, and 

biological properties (Purba et al., 2021). High 

soil productivity can enhance crop production, 

thereby improving tobacco farmers' quality of 

life and income and increasing the area planted 



72 
 

Djula, F. M., Rosniawaty, S., Anjarsari, I. R. D. (2024). Response of tobacco plant growth and yield to combination doses of ZA 

fertilizer and coconut shell biochar. Surjan, 1(2): 70-77. 

and the overall tobacco production in West 

Java. 

Optimal fertilization doses significantly 

influence nutrient absorption efficiency in 

plants. Nitrogen fertilization using ZA fertilizer 

is a common practice in tobacco cultivation. 

Additionally, coconut shell biochar can enhance 

soil productivity and support tobacco growth. 

However, more research is needed on the most 

practical combination of ZA fertilizer and 

coconut shell biochar for tobacco plant growth. 

Therefore, studies are needed to investigate the 

combination of ZA fertilizer dosages with the 

addition of coconut shell biochar to improve the 

growth and yield of tobacco plants. The 

appropriate use of coconut shell biochar is 

expected to reduce the reliance on ZA fertilizer. 

______________________________________ 

MATERIALS AND METHODS 

 

The experiment was conducted at 

Ciparanje Experimental Station, Faculty of 

Agriculture, Universitas Padjadjaran, 

Jatinangor. The research was conducted from 

April to July 2024. The altitude of the field is 

±760 m above sea level with an average 

temperature of 23,3°C and an average humidity 

level of 88.3 % with a C type of rainfall based 

on Schmidt and Ferguson rainfall classification. 

The soil ordo is Inceptisol. 

The materials used in this research were 

Temangi variety tobacco seedlings, cow manure 

as a primary fertilizer, polybags size 40 cm x 40 

cm with a media capacity of 15 kg, fungicide 

with an active ingredient of carbofuran, 

insecticide with the active ingredients of 

abamectin and imidacloprid, ZA fertilizer, SP-

36 fertilizer, KCl fertilizer, and coconut shell 

biochar. The tools used in this research were a 

ruler, digital vernier caliper, labels, and 

documentation equipment. The results of an 

initial analysis of coconut shell biochar content 

are as follows (Table 1). 

 

Table 1. Coconut Shell Biochar Content 

Analysis 

No. Parameter Result 

1. Moisture Content 8.29% 

2. Organic-C 2.59 % 

3. Total-N 0.55 % 

4. C/N Ratio 13 

5. S 86.22 ppm 

 

The experiments used a Randomized 

Block Design with six treatments and four 

replications. The treatments were: 0 g ZA 

fertilizer + 375 g coconut shell biochar/plant 

(A), 6 g ZA fertilizer + 375 g coconut shell 

biochar/plant (B), 12 g ZA fertilizer + 375 g 

coconut shell biochar/plant (C), 0 g ZA fertilizer 

+ 563 g coconut shell biochar/plant (D), 6 g ZA 

fertilizer + 563 g coconut shell biochar/plant 

(E), and 12 g ZA fertilizer + 563 g coconut shell 

biochar/plant (F). The data collected from the 

experiment were analyzed using ANOVA at a 

significant level of 5%. The analysis would be 

continued using Duncan’s Multiple Range Test 

(DMRT) at a significant level of 5%. All 

responses were analyzed statistically using 

SmartStatXL.  

The experiment was conducted on a field 

of 300 cm x 400 cm, where each replication 

consisted of 18 plants, and the spacing between 

replication was 150 cm. The plant spacing was 

regulated by 100 x 50 cm. The total number of 

samples was 72 samples.  

The polybag used for planting was 40 x 40 

cm with a soil capacity of 15 kg. The soil was 

air-dried for three days before filling the 

polybags to remove weeds. The mixture was 10 

kg of soil and 250 g of cow manure. Seven 

g/plants of P and K fertilizers were then applied 

at 1 WAP. The plant was watered every day 

except on rainy days. Pest, disease, and weed 

control were carried out using two primary 

methods: mechanical and chemical. The 

mechanical method involves removing the pest 

that interferes with plant growth, while the 

chemical method involves using pesticides.  

The growth and yield responses that were 

observed were plant height (cm), stem diameter 

(mm), number of leaves, and leaf area (cm
2
). All 

responses were observed 3 -7 Weeks After 

Planting (WAP). 

______________________________________ 

RESULTS AND DISCUSSION 

 

Results 

The responses of tobacco plants were 

measured at the ages of 3, 5, 7, 9, and 11 Weeks 

After Planting (WAP). The analysis results are 

as follows (Table 2-5). 

Table 1 showed that Treatment F produced 

a significant plant response compared to 

Treatments A at 5-11 WAP and compared to 

Treatments B and D at 5 and 7 WAP. Based on 

the experimental results in Table 2, treatment F 

resulted in significantly different stem diameter 

responses compared to treatments A and D at 7, 

9, and 11 WAP. It also showed differences 

between treatment B at 5 and 11 WAP and 

treatment C, precisely at 9 WAP. Table 3 

presented that Treatments C and F produced a 

significantly different number of leaf responses 

compared to Treatments A and D at 5, 7, and 11 
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WAP. However, no significant differences were 

observed with Treatment E during any of the 

observation weeks. For the variable of tobacco 

number of leaves, Treatments C and F did not 

show significant differences from Treatment E 

compared to Treatments C and F. The 

experimental results regarding the leaf shown in 

Table 4 indicate that Treatments C and F 

generated significant responses when compared 

to Treatments A and D across all stages of 

observation. 

 

Discussion 

Pahlevi et al. (2017) noted that combining 

nitrogen fertilizers with biochar resulted in taller 

plants than those without. Studies conducted by 

Wasis et al. (2019) found that Acacia trees 

grown with coconut shell biochar achieved the 

highest heights compared to just NPK 

fertilization or only coconut shell biochar alone. 

 

Table 2. Plant Height Response by the Application of ZA Fertilizer with Coconut Shell Biochar 

Dose Combinations 

Treatment 
Plant Height (cm) 

3 WAP 5 WAP 7 WAP 9 WAP 11 WAP 

A 28.5 a 42.8 a 51.1 a 64.7 a 79.7 a 

B 27.9 a 44.3 ab 59.6 b 72.8 ab 89.2 ab 

C 28.2 a 47.5 bc 67.7 cd 80.6 b 94.9 b 

D 26.8 a 43.4 a 58.8 b 74.7 ab 87.2 ab 

E 27.5 a 47.4 bc 66.2 c 80.3 b 94.6 b 

F 30.2 a 49.1 c 73.2 d 82.5 b 96.8 b 

Notes: The average number marked with the same letter in the same column differed significantly 

according to Duncan’s Multiple Range Test at a 5 % significance level. 

 

Table 3. Stem Diameter Response by the Application of ZA Fertilizer with Coconut Shell Biochar 

Dose Combinations 

Treatment 
Stem Diameter (mm) 

3 WAP 5 WAP 7 WAP 9 WAP 11 WAP 

A 6.7 a 9.0 a 11.3 a 11.5 a 12.2 a 

B 6.5 a 9.7 ab 12.5 b 13.3 bc 13.3 b 

C 6.8 a 10.2 bc 13.0 b 13.0 b 14.3 bc 

D 6.2 a 9.4 ab 11.4 a 12.3 ab 13.5 b 

E 7.0 a 9.9 abc 12.4 b 13.4 bc 14.2 bc 

F 7.6 a 10.9 c 13.0 b 14.2 c 15.0 c 

Notes: The average number marked with the same letter in the same column differed significantly 

according to Duncan’s Multiple Range Test at a 5 % significance level. 

 

Table 4. Number of Leaves Response by the Application of ZA Fertilizer with Coconut Shell 

Biochar Dose Combinations 

Treatment 
Number of Leaves (sheets) 

3 WAP 5 WAP 7 WAP 9 WAP 11 WAP 

A 5.4 a 6.9 a 8.4 a 10.8 a 13.2 a 

B 5.3 a 7.3 ab 10.3 bc 12.7 ab 15.3 b 

C 5.7 a 8.2 c 11.3 c 13.3 b 16.6 b 

D 5.1 a 6.9 a 8.9 ab 11.3 ab 13.2 a 

E 5.3 a 7.8 bc 11.1 c 13.1 b 16.3 b 

F 5.8 a 8.1 bc 11.5 c 13.4 b 16.3 b 

Notes: The average number marked with the same letter in the same column differed significantly 

according to Duncan’s Multiple Range Test at a 5 % significance level. 
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Table 5. Leaf Area Response by the Application of ZA Fertilizer with Coconut Shell Biochar Dose 

Combinations 

Treatment 
Leaf Area (cm

2
) 

3 WAP 5 WAP 7 WAP 9 WAP 11 WAP 

A 72.9 a 99.1 a 117.9 a 137.4 a 166.9 a 

B 117.6 b 173.9 bc 203.4 bc 234.4 bc 270.1 bc 

C 166.4 c 210.7 c 236.8 c 271.0 c 308.2 c 

D 83.7 ab 143.5 ab 170.4 ab 193.2 ab 222.3 ab 

E 119.8 b 169.6 bc 205.2 bc 227.9 bc 259.6 bc 

F 161.0 c 223.3 c 253.9 c 273.4 c 282.9 bc 

Notes: The average number marked with the same letter in the same column differed significantly 

according to Duncan’s Multiple Range Test at a 5 % significance level. 

 

Adding coconut shell biochar can aid in 

the efficient uptake of essential nutrients by 

plants. According to Laurenze et al. (2023), 

incorporating coconut shell biochar into the soil 

enhances microbial populations, facilitating 

plant nutrient uptake due to its high organic 

carbon content. Furthermore, the presence of 

sulfur in coconut shell biochar helps optimize 

nitrogen utilization in crops. Jamal et al. (2010) 

stated that sulfur is crucial in nitrate reductase 

enzyme activities, regulating nitrogen 

assimilation processes. Zenda et al. (2021) 

emphasized that nitrogen and sulfur are 

essential elements involved in protein synthesis; 

thus, insufficient sulfur levels reduce the 

effectiveness of nitrogen use in plants. 

Cigarette plant growth is influenced by 

stem diameter. As reported by Sun et al. (2019), 

the value of stem diameter correlates with 

biomass present in leaves, affecting the 

physiological properties of the leaves and plant 

growth. Stem diameter growth can be enhanced 

by macronutrients such as nitrogen 

(Simatupang, 2019). Nitrogen application 

supports stem diameter growth, increasing cell 

expansion and plant tissue development (Belay 

et al., 2023). Phosphate-based fertilizer also 

contains sulfur. This element participates in 

biological nitrogen fixation processes, 

increasing nitrogen usage efficiency through 

phosphate-based fertilizer applications (Narayan 

et al., 2023). 

Treatment E (6 g ZA fertilizer + 563 g of 

coconut shell biochar per plant) represents one 

of the most effective dosages for enhancing 

stem diameter growth despite having less ZA 

fertilizer than Treatment F E (12 g ZA fertilizer 

+ 563 g of coconut shell biochar per plant), yet 

producing non-significant differences. Coconut 

shell biochar helps with plants' nutrient uptake 

through its high Cation Exchange Capacity 

(CEC) and Water Holding Capacity (WHC) 

(Ajien et al., 2022). Research by Ren et al. 

(2021) indicates that applying biochar to 

tobacco plants boosts photosynthetic rates and 

total biomass production. Cellular division 

occurs only when sufficient accumulated energy 

reaches critical sizes necessary for splitting cells 

(Moulager et al., 2007). Therefore, based on this 

understanding, biochar promotes stem diameter 

growth by providing energy for plant cellular 

divisions. 

The number of leaves is one of the 

essential components in the growth of tobacco 

plants. Plant growth requirements are greatly 

influenced by the availability of nutrients that 

can be utilized by the plants (Syariyah et al., 

2024). Regarding tobacco leaf counts, 

treatments C and F produced non-significant 

responses relative to treatment E, presumably 

due to higher nitrogen efficiency in treatment E 

compared to treatments C and F. This aligns 

with Astuti et al. (2023) statement that nutrient 

efficiency decreases as fertilizer dosage 

increases. Regarding this point, adding biochar 

to the soil can enhance cation exchange capacity 

(CEC), allowing for optimal nutrient absorption. 

Pahlevi et al. (2017) mentioned that adding 

biochar increases CEC in the soil, leading to 

improved nutrient uptake by plants and 

promoting plant growth. 

Biochar can elevate nutritional availability 

and soil quality for plant growth. Biochar 

enhances soil water retention and microbial 

activity and reduces soil erosion, supporting 

plant metabolic processes and imparting 

alkaline effects that provide macro and 

micronutrients to plants (Al-Hayali, 2022; 

Fageria & Moreira, 2011). Coconut shell 

biochar contains macronutrients that contribute 

to increased leaf numbers. Sukartono and 

Utomo (2012) reported that coconut shell 

biochar contains approximately 8.4% 

potassium, influencing leaf counts through 

various plant metabolic processes. Potassium 

supports cell elongation and regulates osmotic 
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pressure in plant cells, impacting stomatal 

activity. 

Leaf area affects the yield of tobacco 

plants. According to Rochman and Hamida 

(2017), the length and width of tobacco leaves 

positively influence the dry yield of tobacco 

shreds. The role of nitrogen in increasing leaf 

area cannot be entirely replaced by coconut 

shell biochar. Nitrogen aids cell division and 

enlargement, supporting leaf length and width 

(Syariyah et al., 2024). According to 

Chowdhury et al. (2020), an increase in sulfur 

addition aligns with rapid growth in plants' leaf 

area.  

Treatments B (6 g of ZA fertilizer + 375 g 

of coconut shell biochar per plant) and E (6 g of 

ZA fertilizer + 563 g of coconut shell biochar 

per plant), which used lower doses of ZA, 

produced responses that were not significantly 

different from treatments C (12 g of ZA 

fertilizer + 375 g of coconut shell biochar per 

plant) and F (12 g of ZA fertilizer + 563 g of 

coconut shell biochar per plant) at ages 5, 7, 9, 

and 11 WAP. Coconut shell biochar affects soil 

quality in supporting the growth of tobacco 

plants. According to Yang et al. (2024), 

applying biochar can improve soil porosity and 

reduce bulk density, facilitating root penetration 

and helping roots access to water and various 

nutrients in the soil, which influences the 

enhancement of growth parameters such as leaf 

area. 

Research by Adekiya et al. (2020) 

indicates that the application of biochar can 

improve physical properties such as porosity 

and bulk density, as well as chemical properties 

like nitrogen (N), phosphorus (P), potassium 

(K), calcium (Ca), magnesium (Mg), and cation 

exchange capacity (CEC). 

______________________________________ 

CONCLUSION 

 

Applying ZA fertilizer and coconut shell 

biochar significantly affected tobacco plants' 

growth and yield. The treatment of 12 g ZA 

fertilizer + 375 g coconut shell biochar 

produced the best results in increasing tobacco 

plant growth and yield responses. 

______________________________________ 
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