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Abstract: This study aims to determine the effect of amino acid dosage and application techniques 

on the growth and yield of tobacco plants.  This research was carried out at the TEFA (Teaching 

Factory) of the Nursery, Department of Agricultural Production, Politeknik Negeri Jember. The 

study used a Randomized Block Design (RBD) with 2 treatment factors, namely: 1) amino acid 

dose and application techniques. Observed parameters of tobacco plant growth were as follows: 

1) plant height, 2) number of leaves, 3) stem diameter, 4) fresh weight, 5) dry weight, 6) number 

of harvested leaves, number and 6) harvest weight. Observational data were analyzed using the 

F-test and the DMRT. The result were: 1) the dose of amino acid given had a very significant on 

the number of harvested leaves, and a significant on the harvest weight, with the best dose being 

500 ml/plant; 2) the application technique has a significant on plant height and stem diameter at 

60 days after planting, with the better application technique being foliar application; and 3) the 

interaction between the amino acid dosage and application technique had a very significant on 

plant height parameters, with the better treatment being an amino acid dosage of 500 ml/plant by 

foliar application.  
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1. Introduction 

Tobacco (Nicotiana tabacum L.) is one of the most important commercial crops 

worldwide, particularly in developing countries, due to its significant contribution to 

farmers’ income and national economies. The productivity and quality of tobacco are 

largely determined by vegetative growth characteristics, such as plant height, leaf 

number, leaf area, and biomass accumulation, which directly influence cured leaf yield 

and quality. These growth parameters are strongly affected by nutrient management 

practices, including fertilization strategies and the use of biostimulants (Wadduwage et 

al., 2024). 

In recent years, amino acids have gained increasing attention as plant biostimulants 

because of their multifunctional roles in plant metabolism. Amino acids are fundamental 

building blocks of proteins and act as precursors for phytohormones, enzymes, and 

secondary metabolites involved in plant growth and stress responses. Exogenous 

application of amino acids has been reported to enhance nutrient uptake efficiency, 

photosynthetic activity, and carbon–nitrogen metabolism, thereby improving vegetative 

growth and yield formation in various crops, including tobacco (Francesca et al., 2021; 

Atero-Calvo et al., 2025). 

The effectiveness of amino acid application is strongly influenced by the applied 

dosage. Appropriate amino acid rates can stimulate cell division and elongation, enhance 

leaf development, and promote biomass accumulation, which are critical for tobacco 
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yield. However, excessive application rates may disrupt metabolic balance, reduce 

nutrient uptake efficiency, and negatively affect plant growth and yield. Therefore, crop 

responses to amino acid application generally follow an optimum dose–response pattern, 

highlighting the importance of determining suitable application rates for tobacco 

cultivation (Cheng et al., 2024; Kurt, 2025; Han et al., 2025). 

In addition to dosage, the application technique plays a crucial role in determining 

the efficiency of amino acid utilization by plants. Foliar application allows rapid 

absorption of amino acids through leaf tissues and is considered particularly effective 

during critical growth stages, while soil or fertigation applications can enhance root 

activity and nutrient availability in the rhizosphere. Differences in application techniques 

may lead to variations in amino acid absorption, translocation, and physiological 

effectiveness, thereby influencing tobacco growth and yield performance (Cheng et al., 

2024; Wang et al., 2025). 

Despite increasing interest in amino acid-based biostimulants, information 

regarding the combined effects of amino acid application rates and application techniques 

on the growth and yield of tobacco remains limited. A comprehensive understanding of 

these factors is essential to optimize amino acid use for improving tobacco productivity 

and ensuring sustainable nutrient management. Therefore, this study aims to evaluate the 

effects of different amino acid application dosages and application techniques on the 

growth and yield of tobacco plants. 

2. Materials and Methods 

This research was carried out at the TEFA (Teaching Factory) of the Nursery, 

Department of Agricultural Production, Politeknik Negeri Jember. While the research 

time is from June to November 2025. The research materials included tobacco seeds ready 

for planting, amino acids from lemuru fish, planting media, plants, and inorganic 

fertilizers. The tools used are cultivation, measuring, and identification tools. 

The study used a Randomized Block Design (RBD) with 2 treatment factor, namely: 

1) Amino acids (A0 = without amino acids (control); A1 = amino acids 250 ml/plant; A2 = 

amino acids 500 ml/plant), and 2) Application techniques (T1 = soil application; and T2 = 

foliar application: 1) without amino acids). After obtaining 6 treatment combinations, each 

treatment was repeated four times to obtain 24 experimental units (10 plants each). 

Control treatment using inorganic fertilizer doses according to SOP = = 6.9 grams N 

+ 5.4 grams P + 6.9 grams K per plant, meanwhile, for amino acids treatment, 30% of the 

SOP for inorganic fertilizer was used = 2.3 grams N + 1.8 grams P + 2.3 grams K per plant. 

Observed parameters of tobacco plant growth were as follows: 1) plant height, 2) 

number, 3) stem diameter, 4) plant fresh weight, 5) plant dry weight, 6) number of 

harvested leaves, and 6) harvest weight. Observational data were analyzed using the F-

test (p<0.05 and p<0.01) and the DMRT (p<0.05). 

3. Results and Discussion 

The result of the analysis of variance showed the effect of amino acids and the 

application techniques presented in Table 1. Table 1 showed that the dose of amino acids 

as a single factor had a very significant effect on the number of harvested leaves, had a 

significant effect on the harvest weight, and had no significant effect on the other 

parameters. The application techniques as a single factor had a significant effect on the 

plant height at 60 and 75 dap, and had no significant effect on the other parameters. 

Meanwhile, the interaction between amino acids dose and application techniques had a 

very significant effect on plant height 60 dap, had a significant effect on plant height 45 

dap, and had no significant effect on the other parameters. 

Table 1.  Analysis of variance of tobacco growth parameters 

Parameters Plant Age (dap) Treatments CV (%) 
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A T AxT 

Plant height 

45 ns ns * 21.47 

60 ns * ** 13.62 

75 ns ns ns 16.99 

Leaves number 

45 ns ns ns 7.00 

60 ns ns ns 11.00 

75 ns ns ns 7.94 

Stem diameter 

45 ns ns ns 11.30 

60 ns * ns 9.24 

75 ns ns ns 14.31 

Plant fresh weight 80 ns ns ns 11.67 

Plant dry weight 80 ns ns ns 21.31 

Number of harvested leaves 97 ** ns ns 19.11 

Harvest weight 97 * ns ns 17.61 
Dap = days after planting; A = amino acids dose; T = application techniques; AxT= interaction between amino 
acids dose and application techniques; ns: not significant; *: significant at 0.05; **: significant at 0.01. 

Plant Height of Tobacco Plant 

Based on Table 1, the analysis results for plant height parameters show a significant 

difference in application techniques treatment (45 days after planting), and a very 

significant difference in the interaction between amino acids and application techniques 

treatment. Further testing with DMRT (p<0.05) is presented in Table 2 and Figure 1. 

Table 2. Results of the DMRT (p<0.05) on Plant Height Parameters 45 Days after Planting 

Treatment Plant height (cm) 

Foliar application 84.22 a 

Soil application 72.67 b 

DMRT 5% 4.22  
Unequal letters on the same column indicate significant differences within each variable, according to DMRT 

(p<0.05). 

 
Unequal letters indicate significant differences within each variable, according to DMRT (p<0.05). 
A0T1 = without amino acids by soil application; A0T2 = without amino acids by foliar application; A1T1 = amino 

acids 250 ml/plant by soil application; A1T2 = amino acids 250 ml/plant by foliar application; A2T1 = amino acids 
500 ml/plant by soil application; A2T2 = amino acids 500 ml/plant by foliar application. 

Figure 1. The Effect of Amino Acids Dose and the Application Techniques on Tobacco 
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Table 2 shows that the results of the DMRT (p<0.05) on plant height 45 dap, the foliar 

application (84.22 cm) is better than the soil application (72.67 cm). Furthermore, based on 

Figure 1, it can be seen that the result of DMRT (p<0.05)  show that the A2T2 treatment 

(amino acids 500 ml/plant by foliar application) provided the best results for plant height 

at 45 dap (7.88 cm) and 60 dap (25.33 cm), while at 75 dap, the A2T2 treatment provided 

plant height results (73.50 cm) that tended to be better than other treatments. 

Such results are thought to be due to the dose of amino acids (500 ml/plant) given 

being moderate, thus providing the best effect. In general, low to moderate doses of 

amino acids have a positive effect on increasing plant height. At optimal doses, amino 

acids act as organic nitrogen sources, precursors for protein synthesis, and stimulators of 

growth hormone production, such as auxins and gibberellins. These roles enhance apical 

meristem activity and accelerate cell division and stem elongation, resulting in increased 

plant height (Ibrahim, 2022; Heidarzadeh, 2025). 

Amino acids play an important role in regulating plant growth and development, 

including their effect on plant height. As fundamental building blocks of proteins, amino 

acids are directly involved in cell division and cell elongation processes that determine 

stem growth. Exogenous application of amino acids has been widely reported to enhance 

plant height by stimulating vegetative growth, particularly when applied at appropriate 

concentrations (Lopez and Mohiuddin, 2024; Heidarzadeh, 2025). 

The effectiveness of amino acids in enhancing plant nutrient uptake and growth is 

also strongly influenced by the application techniques, particularly foliar application and 

soil application. Each technique affects the pathway, rate, and efficiency of amino acid 

absorption, which in turn determines plant physiological responses and growth 

performance. Foliar application generally results in a more rapid and pronounced 

increase in plant height compared to soil application. When applied to leaves, amino acids 

are directly absorbed through the cuticle and stomata and quickly enter metabolic 

pathways. These amino acids act as precursors for growth-regulating hormones such as 

auxins and gibberellins, which stimulate cell elongation and apical meristem activity in 

the stem. In addition, foliar-applied amino acids enhance chlorophyll synthesis and 

photosynthetic efficiency, leading to greater assimilate production that supports stem 

elongation and increases plant height (Cheng et al., 2024; Wang et al., 2025). 

Soil application of amino acids influences plant height more gradually. Amino acids 

applied to the soil improve root growth, stimulate beneficial microbial activity, and 

increase nutrient availability in the rhizosphere. Enhanced root development improves 

the uptake of nitrogen and other essential nutrients that support sustained vegetative 

growth, including stem elongation. Although the increase in plant height may be slower 

compared to foliar application, soil application contributes to stable and long-term growth 

(Wang et al., 2025). 

Leaves Number of Tobacco Plant 

The number of leaves is an important indicator of vegetative growth and 

photosynthetic capacity in plants, and it is strongly influenced by the application of amino 

acids and the techniques used for their application. Amino acids contribute to leaf 

formation by enhancing cell division, leaf initiation, and expansion processes, which 

ultimately increase the total number of leaves produced by a plant. The parameter data 

for the number of leaves can be seen in Figure 2. 
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A0T1 = without amino acids by soil application; A0T2 = without amino acids by foliar application; A1T1 = amino 
acids 250 ml/plant by soil application; A1T2 = amino acids 250 ml/plant by foliar application; A2T1 = amino acids 

500 ml/plant by soil application; A2T2 = amino acids 500 ml/plant by foliar application. 

Figure 2. The Effect of Amino Acids and the Application Techniques on Tobacco Leaves. 

Figure 2 shows that a tends to be higher number of leaves is produced at A2T2 

treatment (amino acids 500 ml/plant by foliar application) that is 15.75 sheets, followed by 

A2T1 (amino acids 500 ml/plant by soil application) that is 15.42 sheets, A1T1 (amino acids 

250 ml/plant by soil application) that is 14.75 sheets, A1T2 (amino acids 250 ml/plant by 

foliar application) that is 14.33 sheets, and control (13.17 sheets and 12.50 sheets), at plant 

age 75 dap.  

Amino acids positively affect leaf number by enhancing hormonal regulation, 

nutrient uptake, and photosynthetic efficiency. Foliar application promotes rapid leaf 

formation, soil application supports sustained leaf development, and combined 

application offers the most consistent improvement in leaf number (Al-Janabi, 2021). The 

application of amino acids promotes leaf number primarily by stimulating meristematic 

activity in the shoot apical meristem, where new leaves are initiated. Amino acids serve 

as precursors for protein synthesis and plant growth regulators, such as auxins and 

cytokinins, which play key roles in leaf initiation and development. Enhanced hormonal 

activity accelerates the rate of leaf primordia formation, resulting in an increased number 

of leaves (Hussain et al., 2021; Wu et al., 2021). 

Stem Diameter of Tobacco Plant 

Stem diameter is an important indicator of plant vigor and structural strength, and 

it is strongly influenced by nutrient availability and metabolic activity. The application of 

amino acids, as well as the technique used for their application, plays a significant role in 

enhancing stem diameter by improving physiological processes related to cell division 

and cell enlargement in stem tissues. Based on Table 1, the analysis results for plant height 

parameters show a significant difference in application techniques treatment (60 days 

after planting). The parameter data for the stem diameter can be seen in Table 3 and Figure 

3. 

Table 3. Results of the DMRT (p<0.05) on Stem Diameter Parameters 60 Days after Planting 

Treatment Stem Diameter (cm) 

Foliar application 5.39 a 

Soil application 4.93 b 

DMRT 5% 0.18  
Unequal letters on the same column indicate significant differences within each variable, according to DMRT 
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A0T1 = without amino acids by soil application; A0T2 = without amino acids by foliar application; A1T1 = amino 
acids 250 ml/plant by soil application; A1T2 = amino acids 250 ml/plant by foliar application; A2T1 = amino acids 

500 ml/plant by soil application; A2T2 = amino acids 500 ml/plant by foliar application. 

Figure 3. The Effect of Amino Acids and the Application Techniques on Tobacco Stem 

Diameter 

Table 3 shows that the results of the DMRT (p<0.05) on stem diameter 60 dap, the 

foliar application (5.39 cm) is better than the soil application (4.93 cm). Further, based on 

Figure 3, it can be seen that the amino acid dosage and application technique did not 
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ml/plant by foliar application) that is 1.79 cm, A1T1 (amino acids 250 ml/plant by soil 

application) that is 1.62 cm, and control (1.55 cm), at plant age 75 dap. 

The application of amino acids positively affects stem diameter by promoting protein 

synthesis and enhancing the availability of organic nitrogen required for cambial activity. 

Amino acids stimulate the activity of the vascular cambium, leading to increased cell 

division and secondary growth, which results in thicker stems. In addition, certain amino 

acids function as precursors of plant growth regulators, such as auxins and cytokinins, 

which regulate radial stem growth and contribute to increased stem diameter (Du Jardin, 

2015). 

Secondary tissues are extraordinarily complex. The patterns of cell division, 

apparently under genetic control, are influenced by a whole concert of hormones. 

Hormonal gradients and seasonal gradients of sugars and amino acids may play a role in 

these patterns of secondary tissue formation. The activity of mature phloem tissues and 

the concentrations of auxins, gibberellins, cytokinins, and perhaps of the gaseous 

hormone ethylene may all be important in regulating the activity of the cambia (Landgren 

et al., 2023). 

The application techniques determine the efficiency of amino acid uptake and its 

impact on stem thickening. Foliar application allows amino acids to be rapidly absorbed 

through leaf tissues and directly incorporated into metabolic pathways. This rapid uptake 

enhances photosynthetic efficiency and assimilate production, providing sufficient 

carbohydrates and nutrients to support cambial activity and stem thickening. 

Consequently, foliar-applied amino acids often result in a faster increase in stem diameter 

compared to other application methods (Cheng et al., 2024). 

In contrast, soil application of amino acids influences stem diameter indirectly by 

improving root development, stimulating beneficial soil microorganisms, and increasing 

nutrient availability in the rhizosphere. Enhanced root growth improves the uptake of 

nitrogen, potassium, and calcium, which are essential for cell wall formation and vascular 
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tissue development. Although the response in stem diameter may be slower than with 

foliar application, soil application supports continuous and stable stem thickening over 

time (Colla et al., 2017; Wang et al., 2025) 

Plant Fresh Weight and Dry Weight of Tobacco Plant 

Data on the effect of application techniques on the fresh weight and dry weight 

parameters of tobacco plants can be seen in Figure 4. 

  
(a) (b) 

A0T1 = without amino acids by soil application; A0T2 = without amino acids by foliar application; A1T1 = amino acids 250 ml/plant by soil application; 
A1T2 = amino acids 250 ml/plant by foliar application; A2T1 = amino acids 500 ml/plant by soil application; A2T2 = amino acids 500 ml/plant by foliar 

application. 

Figure 4. Fresh Weight (a) and Dry Weight (b) of Tobacco Plant 
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allocation to plant organs, resulting in higher dry matter accumulation (Colla et al., 2017; 

Liu et al., 2024). 

The application technique plays a crucial role in determining the magnitude of these 

effects. Foliar application allows amino acids to be rapidly absorbed through leaf tissues 

and directly utilized in metabolic pathways. This leads to a faster increase in fresh weight 

due to immediate physiological responses, such as enhanced photosynthesis and leaf 

expansion. Foliar application is especially effective in increasing fresh biomass under 

conditions of limited root nutrient uptake (Du Jardin, 2015). 

In contrast, soil application of amino acids contributes more substantially to dry 

weight accumulation by improving root development and nutrient availability in the 

rhizosphere. Amino acids stimulate microbial activity and act as natural chelating agents, 

enhancing the availability and uptake of essential nutrients that support sustained 

biomass formation. Although the response may be slower than foliar application, soil-

applied amino acids promote long-term increases in dry matter production (Colla et al., 

2017). 

Number of Harvested Leaves and Harvest Weight of Tobacco Plant 

Yield quantity and harvest weight are key indicators of crop productivity and are 

strongly influenced by physiological efficiency, nutrient uptake, and biomass 

partitioning. The application of amino acids, together with the technique used for their 

application, plays an important role in enhancing both the number of harvestable units 

and total harvest weight. Based on Table 1, the analysis results show that the amino acids 

dose as a single factor had a significant difference in the number of harvested leaves and 

had a very significant differences on harvest weight. The parameter data for the number 

of harvested leaves and the harvest weight can be seen in Table 4 and Figure 5. 

Table 4. Results of the DMRT (p<0.05) on Stem Diameter Parameters 60 Days after Planting. 

Treatment Number of Harvested Leaves (sheets) Harvest Weight (grams) DMRT (p<0.05) 

Amino acids 500 ml/plant 60.57 a 783.75 a 3.459 

Amino acids 250 ml/plant 46.29 b 517.36 b 3.558 

Control 42.36 c 486.71 c  

DMRT (p<0.05)      

Unequal letters on the same column indicate significant differences within each variable, according to DMRT (p<0.05) 

Figure 5. Number of Harvest Leaves (a) and Harvest Weight (b) of Tobacco Plant 

Based on Table 3, it can be seen that administration of amino acids at a dose of 500 

ml/plant gave the best results on the number of harvested leaves (60.57 sheets), compared 

to a dose of 250 ml/plant (46.29 sheets) and the control (42.36 sheets).  Further, Figure 5 

show that that the average parameter for the number of harvested leaves tends to be 

higher in the A2T2 treatment (amino acids 500 ml/plant by foliar application) that is 16.14 

sheets, followed by A2T1 (amino acids 500 ml/plant by soil application) that is 14.14 

sheets, A1T2 (amino acids 250 ml/plant by foliar application) that is 12.39 sheets, A1T1 

(amino acids 250 ml/plant by soil application) that is 11.57 sheets, and controls (11.57 

sheets and 8.79 sheets). While, the harvest weight parameter, the average also tends to be 

higher in the A2T2 treatment (amino acids 500 ml/plant by foliar application) that is 229.66 

grams, followed by A2T1 (amino acids 500 ml/plant by soil application) that is 162.21 

grams, A1T2 (amino acids 250 ml/plant by foliar application) that is 137.36 grams, A1T1 

(amino acids 250 ml/plant by soil application) that is 129.41 grams, and controls (129.27 

grams and 106 grams). 

Amino acids application positively affects yield by improving plant metabolic 

activity and reproductive development. Amino acids serve as building blocks of proteins 

and as precursors of enzymes and plant growth regulators that control flowering, fruit or 



FAFELA 2026, 2, 2. 83 of 85 
 

 

leaf development, and assimilate translocation. Enhanced photosynthetic efficiency and 

nitrogen use efficiency increase carbohydrate and protein synthesis, which supports the 

formation and development of harvestable organs, ultimately increasing yield quantity 

and harvest weight. The amino acids play a role in providing the nutrients plants need. 

Apart from that, it also plays a role in binding nutrients so that they are easily absorbed 

by plants, as well as enhancing rates of photosynthesis, protein synthesis, and 

carbohydrate production (Du Jardin, 2015; Shahrajabian et al., 2022; Wardati et al., 2024). 

Exogenous application of amino acids, particularly up to an optimal dose level, 

significantly enhances crop productivity and quality by improving physiological and 

metabolic processes. They serve as direct sources of nitrogen, promote protein synthesis, 

and enhance nutrient uptake through chelation (Showmya et al., 2023; Shabani et al., 

2025).  

The application techniques significantly influence the effectiveness of amino acids in 

increasing yield. Foliar application allows amino acids to be rapidly absorbed and directly 

utilized in physiological processes during critical growth stages, such as flowering, fruit 

set, or leaf expansion. This rapid uptake enhances assimilate availability and improves 

sink strength of harvestable organs, resulting in increased harvest weight and, in some 

crops, a higher number of harvestable units or harvest cycles (Wang et al., 2025). 

Meanwhile, soil application of amino acids contributes to yield improvement by 

enhancing root development, stimulating beneficial microbial activity, and increasing 

nutrient availability in the rhizosphere. Improved root nutrient uptake supports sustained 

plant growth and ensures a continuous assimilate supply during reproductive or harvest 

stages. Although yield response may be slower compared to foliar application, soil 

application plays a crucial role in maintaining stable yield formation and increasing total 

harvest weight over time (Colla et al., 2017). 

The control treatment (without amino acids) in this study used inorganic fertilizer 

with a dose according to the SOP, namely 6.9 grams N + 5.4 grams P + 6.9 grams K per 

plant. Meanwhile, in the amino acid dose treatment, both by foliar application and soil 

application, the dose of inorganic fertilizer used was 30% of the SOP dose. The research 

results show that the amino acid dose treatment is better than the control. This is in line 

with research by Wardati et al. (2026) that the amino acid fertilizer is able to replace the 

role of inorganic fertilizer by 70%. 

4. Conclusions 

Based on the results of the analysis and discussion, the following conclusions can be 

drawn:: 

1. The dose of amino acid given had a very significant effect on the number of harvested 

leaves, and a significant effect on the harvest weight, with the best dose being 500 

ml/plant. 

2. The application technique has a significant effect on plant height and stem diameter 

at 60 days after planting, with the better application technique being foliar 

application. 

3. The interaction between the amino acid dosage and application technique had a very 

significant effect on plant height parameters, with the better treatment being an amino 

acid dosage of 500 ml/plant by foliar application. 
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