


THE EFFECT OF MICROCOMPOUND FERTILIZERS AND N, P, K ON PLANT BORON LEVELS AND YIELD OF TOMATOES (Solanum lycopersium L.) 
ON INCEPTISOLS 

 
ABSTRACT
Fertilizer application aims to support the growth and yield of tomatoes (Solanum lycopersicum L.). However, most farmers generally focus on macronutrient fertilization, while micronutrient utilization is not optimal, particularly boron, which plays a crucial role in flower and fruit formation and crop quality. The objective of this experiment was to evaluate the impact of micronutrient compound fertilizer combined with N, P, and K on plant boron levels and tomato yield.  The experiment was conducted from October 2025 to January 2026 at Field II of the Soil Chemistry and Plant Nutrition Experiment, Faculty of Agriculture, Padjadjaran University. A Completely Randomized Block Design (CRBD) was used with six treatments and four replications. The treatments included a control, N, P, and K fertilizer, and four combinations of micronutrient compound fertilizer and N, P, and K. The results showed that micronutrient compound fertilizer and N, P, and K significantly affected plant boron levels and tomato yield. Treatment 1 (6 kg ha-1) of compound micro fertilizer and ¾ dose of N, P, and K (150 kg ha-1 N; 112.5 kg ha-1 P; 75 kg ha-1 K) showed the most effective and highest results in increasing plant boron levels (96.56 ppm), number of fruits per plot (101.54 fruits), fruit weight per plot (16.10 kg), weight per fruit (58.70 g), and fruit diameter (44.08 mm) on Inceptisols.	Comment by PCC: italic	Comment by PCC: enter , and remove and
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1. INTRODUCTION
Fertilizer is the primary source of essential nutrients for plants to support their development and productivity. Fertilization is therefore carried out to increase nutrient availability to support the growth phase (Ganti et al., 2023). However, most farmers in Indonesia still utilize macronutrients in their fertilization, while micronutrient utilization has not been optimal. Although required in relatively small amounts, micronutrients are closely related to metabolic processes and act as enzyme activators (Hasyyati et al., 2023). A balanced nutrient availability is a crucial factor in determining soil fertility and supporting plant growth and productivity (Kadir et al., 2023).
Inceptisols are a widespread soil order in Indonesia, covering a total area of ​​99.50 million hectares, or 52.89% of Indonesia's total land area (BBSDLP, 2020). Inceptisols from Jatinangor face several challenges in agricultural cultivation, such as relatively low fertility and a slightly acidic pH of 4.5–6.5 (Fitriatin et al., 2022; Mubarok et al., 2025). Micronutrient availability in Inceptisols is relatively low, as indicated by a boron content of 0.0116 ppm. This is below the general range of total boron levels in soil, which ranges from 2–200 ppm, with available boron generally being 6–80 ppm (Havlin et al., 2017).
Tomatoes are known as a commodity widely cultivated in the Inceptisols order, with a planted area reaching 31.93% of the total vegetable planting area in various soil orders (Izhar et al., 2016). Tomatoes are an important commodity to cultivate, besides being beneficial for health, tomatoes also have high economic value in the food industry as a raw material for processed products, such as sauces, jams, and pastes (Kuswardhani et al., 2025). This makes tomatoes have a high level of consumption and demand in the community. According to the Central Statistics Agency (BPS, 2024), tomato consumption continued to increase in 2023, reaching around 643,000 t ha-1. However, on the contrary, tomato production actually decreased from 1,168,000 t ha-1 in 2022 to 1,143,000 t ha-1 in 2023. This imbalance between increasing demand and decreasing production requires optimal land management efforts with balanced fertilization (Purba, 2020).
One of the important micronutrients in supporting plant growth is boron. As an essential nutrient, boron functions in cell division, flower formation, and improving yield quality (Mubarok et al., 2025). Tomato plants are classified as dicotyledonous plants, so they require more boron nutrients than monocotyledonous plants because they have cell walls that contain higher pectin (Huang et al., 2025). Boron is immobile in the soil, so the application of micronutrients is carried out foliarly. This aims to accelerate nutrient absorption through stomata and reduce evaporation during application. This mechanism allows micronutrients to enter plant tissues more quickly than application through the soil (Alimuddin et al., 2023). This is in line with research by Mal et al. (2025), where the application of boron through foliar application was proven to significantly produce tomato leaves.	Comment by PCC: check the reference format
Micronutrient application cannot be done independently, but rather in conjunction with macronutrients, as a balanced fertilization measure (Nugroho et al., 2025). The compound microfertilizer used contains various micronutrients: B 0.5%, Mn 4.0%, Cu 1.5%, Mo 0.1%, Fe 4.0%, and Zn 1.5%. The macronutrients used include N, P, and K, each of which plays an important role in plant growth.
The combination of micro compound fertilizer with N, P, and K fertilizer is expected to stimulate fruit formation, fruit ripening, and increase crop yields. According to Nugroho et al. (2025), the combination of boron fertilization of 3-6 kg ha-1 with N, P, and K fertilization increases plant growth and boron uptake. The results of research by Bana et al. (2022) show that the application of micro compound fertilizer (Fe 25%, Zn 34%, Cu 24%, Mn 27%, and K 6%) and NPK can increase fruit yield per plant by 21-27% compared to plants that are only given basic NPK fertilizer on eggplant plants. In addition, research conducted by Yadav et al. (2024) found that the application of foliar micro compound fertilizer of 2-4 kg ha-1 and single NPK gave the highest yield, namely 13.18 tons ha-1. Various previous studies reported the effectiveness of single boron application or the use of micro compound fertilizer without boron content on increasing crop yields. However, no research has yet examined the combination of micro-compound fertilizers focused on boron content when applied with N, P, and K fertilizers on tomato plants cultivated in the Jatinangor Inceptisols.
This experiment aimed to evaluate the impact of micro-compound fertilizers combined with N, P, and K on plant boron levels and tomato yield.
2. RESEARCH METHODS
2.1. Location and Time
The experiment was conducted from October 2025 to January 2026 at Field II of the Soil Chemistry and Plant Nutrition Experiment, Faculty of Agriculture, Padjadjaran University	Comment by PCC: what is a initial and final soil fertility status
2.2. Materials and Equipment
The materials used included Inceptisols mineral soil from Jatinangor, rice husk charcoal (for the seedling medium), Gustavi F1 variety seeds, 6 kg ha-1 micro compound fertilizer recommended by Balittanah (2018), and urea (200 kg ha-1), SP-36 (150 kg ha-1), and KCl (100 kg ha-1) recommended by BPTP (2010). The equipment used included hoes, treatment planks, stakes, black silver plastic mulch, a sprayer, analytical balances, fertilizer measuring spoons, beakers, vernier calipers, stationery, and laboratory equipment.

2.3. Research Design
The experiment used a  Completely Randomized Block Design (CRBD) with six treatments and four replications.
A = No macro and micro fertilizers (as a control)
B = Standard N, P, and K fertilizers
C = 1/2 doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer
D = 1 doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer
E = 1 1/2 doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer
F = 1 doses of micro compound fertilizer and 3/4 dose of standard single NPK fertilizer.

2.4. Research Implementation Procedure
2.4.1. Sowing and Planting
Sowing was carried out using seedling trays, a combination of soil and rice husk charcoal in a 1:1 seedling medium. One seed was planted in each hole, then covered with a 1-2 cm layer of medium. Transplanting was carried out when the tomato plants had 4-6 true leaves, or 18 days after sowing (DSS), using small pieces of wood as support to support upright growth.

2.4.2. Land Preparation
The land for the tomato plants was manually cultivated using a hoe to loosen the soil and remove weeds. Furthermore, 10 t ha² of cow manure was applied two weeks before planting. This aimed to improve aeration and soil bulk density, given that Inceptisols from Jatinangor have a low organic carbon content. Tomato planting begins with making a 30 cm high bed, with a bed size of 100 x 500 cm, a planting distance per hole of 50 x 60 cm, with a total of 24 experimental plots, so the number of plants is 480.
2.4.3. Micro Compound Fertilizer Application
Micro compound fertilizer was applied foliarly at a dose of 2.5 g/20 L of water. This is in line with Sahabuddin et al. (2022), who found that 2.5 g/20 L of water is an efficient foliar fertilizer application. Applications were made every two weeks, at 15, 29, 43, and 57 days after planting (DAP) in the morning. The required solution volume per plot was 4.8 L/plot for the 0.6 g/plot dose, 8.4 L/plot for the 1 g/plot dose, and 12.8 L/plot for the 1.6 g/plot dose, with 20 plants per plot. Therefore, each plant received 0.24 L/plant, 0.42 L/plant, and 0.64 L/plant, respectively.

2.4.4. N, P, and K Fertilization
N, P, and K fertilizers were applied using the digging method at a depth of approximately 5 cm. Nitrogen was applied in the form of urea at a dose of 200 kg ha⁻¹, equivalent to 7 g per plant⁻¹. Urea was applied twice: at 0 DAP and 28 DAP, with 3.5 g per plant⁻¹ being applied each time. Phosphorus was applied in the form of SP-36 at a dose of 150 kg ha⁻¹, equivalent to 5.29 g plant⁻¹, once at 0 DAP. Potassium was applied in the form of KCl at a dose of 100 kg ha⁻¹, equivalent to 3.5 g plant⁻¹. KCl was applied twice: at 0 DAP and 28 DAP, with 1.76 g plant⁻¹ being applied each time.

2.4.5. Plant Maintenance
Tomato plant maintenance includes watering, staking, replanting, weeding, and pest and disease control. Watering is done twice daily, in the morning and evening, to maintain soil moisture. Staking and replanting are carried out when the plants are 7 days after planting to prevent lodging and ensure proper nutrient uptake. Pest and disease control is carried out manually by hand-pulling weeds, turning the soil around the plants, removing pests, and pruning leaves infected with pathogens.
2.4.6. Harvesting
Harvesting is carried out at 65 days after planting when the fruit reaches 10-20% maturity and is reddish-yellow in color. Harvesting is carried out four times, with a five-day interval between harvests.

2.5. Observations
Observations in this experiment included plant boron levels and tomato yield components, including the number of fruits per plot, fruit weight per plot, fruit weight, and stem diameter. Plant samples were taken for boron analysis at 35 days after planting (DAP), at the end of the maximum vegetative phase, marked by the onset of flowering. The entire plant was cut. The plants were then chopped and dried at 70°C, then ground for laboratory analysis using the Wet Ashing method (BPSTIP, 2023).

2.6. Data Analysis
Observation data were tested for normality and homogeneity, followed by ANOVA. If the analysis showed a significant effect, the test was continued with the DMRT test at a 5% significance level using SPSS software.

3. RESULTS AND DISCUSSION
3.1. Plant Boron Levels
ANOVA results showed that plant boron levels were significantly affected by the combination of micro-compound fertilizer and N, P, and K fertilizer applications compared to the unfertilized treatment. This study indicates that the combination of micro-compound fertilizer with N, P, and K fertilizers can increase the efficiency of boron uptake by plants.




Table 1. Effect of Micro-Compound Fertilizer Doses and N, P, and K Fertilizers on Plant Boron Levels in Jatinangor Incaptisols

	Code
	Treatments
	Plant Boron Content (ppm)


	A
	Control (without macro and micro fertilizers)
	35,69 a

	B
	Standard N, P, and K fertilizers
	37,27 a

	C
	½ dose of micro compound fertilizer and 1 dose of standard single NPK fertilizer
	73,70 b

	D
	1 dose of micro compound fertilizer and 1 dose of standard single NPK fertilizer
	78,76 b

	E
	1 ½ dose of micro compound fertilizer and 1 dose of standard single NPK fertilizer
	108,17 c

	F
	1 dose of micro compound fertilizer and ¾ dose of standard single NPK fertilizer
	96,53 c


Description: Numbers followed by the same letter are not significantly different based on Duncan's Advanced Test at the 5% level.

Table 1 shows that the combination of micro-compound fertilizer and standard N, P, and K fertilizer at each dose was significantly different from the control treatment (A) and standard N, P, and K fertilizer (B). The control treatment (A) and standard N, P, and K fertilizer produced the lowest boron levels, at 35.69 ppm and 37.27 ppm, respectively. This is because without the addition of micro-compound fertilizer, boron availability for plants is limited, and plants rely solely on natural boron found in the soil (Singh et al., 2020). This limitation is caused by the nature of boron in the soil, which is largely adsorbed through specific adsorption processes on the surface of Lampung minerals. Meanwhile, the treatment of 1 ½ doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer (E) and the treatment of 1 dose of micro compound fertilizer and ¾ dose of standard single NPK fertilizer (F) produced higher plant boron levels than treatments (A-D), namely 108.17 ppm and 96.53 ppm. However, based on Duncan's further test at the 5% level, the two treatments (E and F) were not significantly different. This indicates that increasing plant boron levels is influenced not only by the dose of microfertilizers but also by the role of N, P, and K fertilizers in supporting physiological processes related to nutrient absorption. This is consistent with the research results of Mubarok et al. (2025) that the application of boron fertilizer combined with N, P, and K fertilizers increased boron uptake by 0.59 mg per plant compared to the treatment without boron fertilizer.
Furthermore, the addition of N, P, and K fertilizers, particularly potassium, plays a role in the opening and closing mechanisms of stomata, which support plant physiological processes, including nutrient absorption, thereby increasing the efficiency of boron nutrient utilization by plants (Nugroho et al., 2024). This is consistent with the research results of Szczepaniak et al. (2022) that foliar application of micronutrient fertilizers can increase the availability and efficiency of nitrogen nutrient utilization; and the research results of Bhat et al. (2022) that the provision of micro fertilizers such as boron and zinc can increase the efficiency of nutrient absorption, so that the need for macro fertilizers such as N, P, and K can be reduced through balanced fertilization.
Low boron levels through foliar application are influenced by the concentration of the nutrient solution and the temperature at the time of application (Alimuddin et al., 2023). Environmental factors such as rainfall will influence high transpiration rates and nutrient uptake. Therefore, the results of this study indicate that the application of compound micro fertilizers has a more dominant influence on increasing plant boron levels compared to the use of single NPK fertilizers alone.

3.2 Tomato Yield
Based on the ANOVA, the compound micro fertilizer and N, P, and K treatments significantly affected tomato yields, including the number of fruits per plot, fruit weight per plot, fruit weight per plot, and fruit diameter. The results in Table 2 show a significant effect of the control treatment (A) compared to the other treatments (B-F) on tomato yield. The control treatment (A) produced the lowest yields in terms of number of fruits per plot, fruit weight per plot, and fruit weight per plot, respectively, at 44.05 fruits, 7.03 kg, and 29.27 g.
Table 2. Effect of Micro Compound Fertilizer Doses and N, P, K on Yield Components in Inceptisols from Jatinangor
	Code
	Treatments
	Number of Fruits per Plot 
	Weight per Fruit (g) 
	Fruit Diameter (mm)
	Weight per Fruit (g)	Comment by PCC: repeat 

	A
	Control (without macro and micro fertilizers)
	44,05 a	Comment by PCC: decimal
	29,27 a
	37,14 a
	29,27 a

	B
	Standard N, P, and K fertilizers
	63,35 b
	48,60 b
	40,10 b
	48,60 b

	C
	½ doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer
	73,35 c
	50,57 bc
	41,97 bc
	50,57 bc

	D
	1 doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer
	78,16 c
	58,17 d
	43,13 c
	58,17 d

	E
	1 ½ doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer
	93,26 d
	55,17 cd
	43,81 c
	55,17 cd

	F
	1 doses of micro compound fertilizer and ¾ dose of standard single NPK fertilizer
	101,54 d
	58,70 d
	44,08 c
	58,70 d


Description: Numbers followed by the same letter are not significantly different based on Duncan's Advanced Test at the 5% level.

This is due to the unavailability of nutrients to support the generative growth process, especially flower formation, fruit formation, and fruit filling, resulting in lower plant yields. The treatment of 1 dose of micro compound fertilizer and ¾ dose of standard single NPK fertilizer (F) produced the number of fruits per plot of 101.54 fruits, and the highest fruit weight per plot and a greater weight per fruit, namely 16.10 kg and 58.70 g, compared to the control treatment (A). This is thought to be because the combination of fertilizers provided can optimally meet plant nutrient needs, and is supported by good soil conditions, so that available nutrients are absorbed by the plants. However, treatment (F) was not significantly different from treatments (D and E) in the parameters of the number of fruits per plot, fruit diameter, and weight per fruit. Nevertheless, treatment (F) can show a significantly different effect compared to the control treatment (A), but does not produce the highest average value for all observed parameters.
The high number of fruit formed is thought to be influenced by the addition of micro and macro compound fertilizers that can support plant metabolism processes. Although micronutrients are needed in small concentrations, they play a very important role in enzyme performance, one of which is boron, which functions as a key in the formation of flowers, seeds, and fruit quality. This is in line with the research of Nazari et al. (2020), where the provision of micronutrients acts as a catalyst and enzyme activator to produce carbohydrates. The availability of sufficient boron can optimize generative growth by increasing the flowering process, thus producing a high number of fruits (Daroini et al., 2024). According to Huesesan et al. (2025), boron plays an important role in the process of photosynthesis, the synthesis of hormones, enzymes, and proteins that can increase plant metabolism, resulting in more flower formation, reduced flower loss, and increased potential harvest yields. This is in line with the research of Hada et al. (2014), which showed that the application of boron fertilizer can reduce flower and fruit loss by up to 42.85%, thereby increasing the number and weight of fruit. According to Furqoni et al. (2025), optimal boron fertilization can also increase the efficiency of nutrient use. This is evident in the treatment of 1 dose of micro compound fertilizer and ¾ dose of standard single NPK fertilizer (E), which provided the highest results compared to the treatment of 1 ½ doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer (F). Although the results of statistical analysis showed no significant differences in the treatments (E and F), the average value of these treatments was higher. This indicates that the availability of boron in optimal doses can increase the efficiency of macronutrient utilization.
The largest tomato fruit diameter was in the treatment of 1 dose of micro compound fertilizer and ¾ dose of standard single NPK fertilizer (F), which was 44.08 mm followed by the treatment of 1 ½ doses of micro compound fertilizer and 1 dose of standard single NPK fertilizer (E) and 1 dose of micro compound fertilizer and 1 dose of standard single NPK fertilizer (D), which were 43.81 mm and 43.13 mm. The three treatments (E, D, and F) were not significantly different, but were significantly different from the control treatment (A). This indicates that increasing the treatment dose did not provide a significant change in fruit diameter in tomato plants. According to Sanjaya et al. (2025), each variety has different levels of resistance and adaptability to the environment, which affects the fruit filling process. In line with Nurlenawati et al. (2010), there was no significant difference in fruit diameter at various fertilizer doses. This is because the size of the fruit diameter tends to be determined by genetic factors rather than fertilizer factors. In addition, tomato fruit size, such as diameter, is a quantitative character influenced by genetic factors (Zhao et al., 2021).
The increase in fruit weight is thought to be related to the balance of available nutrients, which optimizes plant metabolism. According to Yoseva et al. (2022), balanced nutrient availability supports optimal photosynthesis, thus influencing fruit size and weight. Macronutrients such as N, P, and K, such as potassium, play a role in increasing fruit weight by acting as catalysts in the carbohydrate formation process, which contributes to increased fruit weight (Olata et al., 2021). Furthermore, increased fruit weight is also related to the role of micronutrient compound fertilizers containing boron, which can support the activity of enzymes and growth hormones such as auxin and gibberellin, which are involved in cell division and fruit enlargement. Increased fruit weight per plot is also influenced by increased fruit production (Sanjaya et al., 2025).

4. CONCLUSION
The results of this study indicate that the application of micronutrient compound fertilizers and standard N, P, and K fertilizers significantly affected plant boron levels and the yield of Gustavi F1 tomatoes. The combination of 1 dose of micro compound fertilizer and ¾ dose of standard single NPK fertilizer increased the plant boron content to 96.53 ppm, and produced the highest average values ​​in tomato yield components, such as the number of fruits per plot (101.54 fruits), fruit weight per plot (16.10 kg), weight per fruit (58.70 g), and fruit diameter (44.08 mm).
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