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Abstract. This study aims to determine the effect of boron and bokashi fertilizer doses on the
growth and yield of tomato plants (Solanum lycopersicum). Boron and bokashi fertilizers are two
types of fertilizers that play an important role in increasing soil fertility and supporting plant growth.
Boron plays a role in cell wall formation, flowering, and fertilization, while bokashi, as an organic
fertilizer, can increase nutrient availability and improve soil structure. This study used a randomized
block design (RBD) with two factors, namely boron fertilizer dosage (0, 1, 2, and 3 kg/ha) and
bokashi dosage (0, 5, 10, and 15 tons/ha). The parameters observed included plant height, number
of leaves, stem diameter, number of fruits, fruit weight, and sweetness. The results showed that
boron fertilizer and bokashi treatments had a significant effect on most growth and yield parameters.
A boron dose of 3 kg/ha produced the best results in terms of plant height and fruit weight, while a
boron dose of 1 kg/ha produced the highest number of fruits. The application of a bokashi dose of
15 tons/ha also showed consistent results in improving vegetative growth and yield.
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1 Introduction

Tomato plants (Solanum lycopersicum L.) are one of the horticultural commodities that have high economic
value and are widely cultivated in Indonesia [1]. Tomatoes are not only used as food, but also have health benefits
because they are rich in vitamins, minerals, and antioxidants. However, tomato productivity in Indonesia is still
relatively low compared to the actual potential yield that can be achieved, especially in terms of meeting plant
nutrient requirements. One solution to increase crop yield is through improving proper and balanced fertilization
techniques [2].

In Indonesia, tomatoes are widely grown, both in highlands and lowlands, as backyard plants and commercial
crops. Highland tomato plants are taller than lowland tomatoes [3]. Based on the data obtained, highland tomato
plants can reach 26.6 t/ha, while in lowlands the average is only 6.0 t/ha. The low productivity of tomato varieties
in lowlands is partly due to the limited availability of superior varieties at the farmer level, so that many tomato
farmers still plant local varieties with poor seed quality. In addition, suboptimal planting and cultivation methods,
as well as pest and disease attacks, are major obstacles that can reduce crop yields. Tomato production in West
Java has been declining since 2016, with the number of plants being 278,394 tons in 295,321 tons in 2017, 268,448
tons in 2018, 284,948 tons in 2019, and 299,267 tons in 2020 [4].

Boron fertilizer is a micro nutrient that plays an important role in plant growth and development, especially in
cell division, flower formation, and fruit formation. Boron deficiency in tomato plants can cause symptoms such
as flower drop, stunted fruit, and low fruit quality [5]. Therefore, the application of boron fertilizer in the right
dosage is necessary to support optimal plant growth [6]. Boron fertilizer is one of the microfertilizers that plays
an important role in plant growth and development. Boron plays a role in the process of cell wall formation,
flowering, fertilization, and carbohydrate transport in plants [7]. Boron deficiency can cause disturbances in
vegetative and generative plant growth, such as stunted growth, flower drop, and poorly developed fruit. However,
excessive boron application can also cause toxicity in plants. Therefore, determining the appropriate boron dosage
is very important to support the growth and yield of tomato plants [8].

On the other hand, bokashi is an organic fertilizer produced from the fermentation of agricultural waste that
contains various macro and micro nutrients as well as beneficial microorganisms [9]. The use of bokashi not only
improves soil structure and fertility, but also increases the efficiency of inorganic fertilizer use such as boron. The
combination of organic and inorganic fertilizers is believed to create a more environmentally friendly and
sustainable cultivation system [10].
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Bokashi fertilizer plays an important role in tomato cultivation because it can improve soil structure and
fertility, increase the soil's capacity to retain water and nutrients, and provide nutrients gradually according to the
needs of the plants. In addition, bokashi contains microorganisms that are beneficial for increasing soil biological
activity, thereby accelerating the decomposition of organic matter and helping the absorption of nutrients by plant
roots. With its complete macro and micro nutrient content, bokashi fertilizer is able to support the vegetative and
generative growth of tomatoes, improve fruit quality and quantity, and reduce dependence on chemical fertilizers
[9].

Bokashi plays an important role in tomato growth because it contains the macro and micro nutrients needed
by plants as well as active microorganisms resulting from fermentation that help accelerate the decomposition of
organic matter in the soil. The presence of these microorganisms increases soil biological activity, improves soil
structure, and increases the availability of nutrients for tomato plants. In addition, bokashi can increase the soil's
capacity to retain water and maintain moisture, thereby supporting healthy and strong root development. With
more fertile and stable soil conditions, tomato plants can grow more optimally, producing greener leaves, sturdier
stems, and more fruit of higher quality.

Compost is a natural (organic) fertilizer derived from organic waste, containing mineral nutrients that are good
for plants and increase organic matter in the soil. Compost materials are available around us in various forms. On
the other hand, the use of organic fertilizers such as bokashi is increasingly popular in plant cultivation because it
is environmentally friendly and can increase soil fertility. Bokashi is the result of fermenting organic materials
that are rich in macro and micro nutrients, as well as microorganisms that are beneficial to the soil. This fertilizer
not only provides nutrients for plants, but also improves soil structure, increases water retention capacity, and
supports soil microorganism activity [11].

The combination of boron fertilizer and bokashi is expected to create positive synergy in improving tomato
plant growth and yield [12]. The combination of boron fertilizer and bokashi provides positive synergy in tomato
cultivation, as each has a complementary role in supporting plant growth and productivity. Boron functions as an
important micronutrient that plays a role in flower formation, pollination, and fruit formation, while bokashi as
an organic fertilizer helps improve soil structure, increase nutrient availability, and support soil microorganism
activity. The simultaneous application of both can increase nutrient absorption efficiency, strengthen root growth,
and produce higher-quality and greater quantities of tomatoes, thereby potentially increasing yields significantly
and sustainably. This study aims to determine the effect of boron and bokashi fertilizer doses on the growth and
yield of tomato cultivation.

2 Methods

This study was conducted from February to May 2024 on land owned by Muhammadiyah University Sidoarjo,
located in Graha Pesona Modong Housing Complex, Modong Village, Tulangan District, Sidoarjo Regency, East
Java Province. The research began with land preparation and ended with harvesting. The tomato plant (Solanum
lycopersicum) used was the Servo variety. This study used a randomized block design (RBD) with two factors,
namely boron fertilizer dosage (1, 2, and 3 kg/ha) and bokashi dosage (5, 10, and 15 tons/ha). These treatment
combinations resulted in 9 treatment combinations, each repeated 3 times, resulting in a total of 27 experimental
units [13].

Land preparation began with soil cultivation, weed removal, and bed preparation. Bokashi fertilizer was
applied according to the treatment by mixing it evenly into the soil before planting. Tomato seeds were planted
with a spacing of [planting distance] cm. Boron fertilizer was applied in stages, namely at planting, vegetative
phase, and flowering phase, according to the predetermined dosage. Plant maintenance included regular watering,
weeding, and pest and disease control.

Observations were made on plant growth and yield parameters, including plant height, number of leaves, stem
diameter, number of fruits, and fruit weight per plant. The data obtained were analyzed using analysis of variance
(ANOVA) at a significance level of 5%. If there were significant differences, a further test of Honest Significant
Difference (HSD) was conducted to determine the differences between treatments. Data analysis was performed
using Microsoft Excel software. The results of this study are expected to provide recommendations for the optimal
dosage of boron and bokashi fertilizer to increase tomato plant productivity.

3 Results and Discussion
3.1 Plant Height

Based on the analysis of variance, it shows that there is no interaction between the two treatment factors of
Boron Fertilizer and Bokashi Fertilizer, but there is a very significant effect of Boron treatment on tomato growth
at 7, 14, and 35 days after planting (DAP). Bokashi treatment also has a significant effect on tomato growth at 35
DAP. To see the differences, a BNJ follow-up test was conducted.
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Tablel . Average Effects of Boron Fertilizer and Bokashi Fertilizer Treatments on Plant Height

Treatment Age (HST)

7 14 21 28 35
Boron 1 kg/ha 1850 b 31.17 b 42.22 52.33 68.44 a
Boron 2 kg/ha 17.17 ab 28.17 ab 39.83 53.39 77.67 b
Boron 3 kg/ha 14.56 a 2461 a 38.00 52.00 78.00 b
BNJ 5% 3.29 4.91 tn tn 6.96
Bokashi 5 tons/ha 16.50 29.83 42.94 54.94 72.56
Bokashi 10 tons/ha 17.00 27.83 38.67 52.83 7222 a
Bokashi 15 tons/ha 16.72 26.28 38.44 49.94 7933 b
BNJ 5% tn tn tn tn 6.96

Note: identical numbers in the same column are not significant, n.s. = not significant

Table 1 shows that the application of boron and bokashi fertilizers had a significant effect on tomato plant
height at various observation ages (7 to 35 days after planting). Boron treatment with increasing doses from 1
kg/ha to 3 kg/ha showed an increasing growth trend at 35 days after planting, with the highest plant height recorded
at a dose of 3 kg/ha, namely 78.00 cm. Similarly, in the bokashi treatment, a dose of 15 tons/ha yielded the highest
result at 35 DAP with a value of 79.33 cm, surpassing the lower doses. Significant differences between treatments
were indicated by letter notation at certain ages, especially at 35 DAP, indicating a significant effect of fertilizer
dose on plant height growth.

3.2 Number of Leaves

Based on the analysis of variance, there was no interaction between the two treatment factors for boron
fertilizer and bokashi fertilizer treatments. However, boron treatment had a very significant effect on tomato
growth at 7.14 and 35 days after planting, and bokashi treatment had a significant effect on tomato growth at 35
days after planting. To see the differences, a 5% BNIJ test was conducted.

Table 2. Average Effects of Boron Fertilizer and Bokashi Fertilizer Treatments on Leaf Number

Treatment Age

7 14 21 28 35
Boron 1 kg/ha 2.76 6.27 7.78 10.18 13.98
Boron 2 kg/ha 2.36 4.82 7.33 10.78 13.49
Boron 3 kg/ha 2.07 4.82 7.09 11.22 14.84
BNJ 5% tn tn tn tn tn
Bokashi 5 tons/ha 2.49 4.89 7.76 10.09 a 13.16 a
Bokashi 10 tons/ha 2.36 5.73 7.47 1198 b 13.64 b
Bokashi 15 tons/ha 2.33 5.29 6.98 10.11 ab 1551 ab
BNJ 5% tn tn tn 1.64 2.32

Note: identical numbers in the same column are not significant, n.s. = not significant

Table 2 shows that boron and bokashi fertilizer treatments affected the increase in the number of tomato leaves,
especially from 21 to 35 days after planting. The highest boron dose (3 kg/ha) produced the highest number of
leaves at 35 days after planting, namely 14.84 leaves, followed by 1 kg/ha and 2 kg/ha of boron. Meanwhile,
bokashi at 15 tons/ha also produced the highest results at 35 days after planting with 15.51 leaves, indicating that
increasing the bokashi dose can promote better vegetative growth.

3.3 Stem Diameter
Based on the analysis of variance, there was no interaction between the two treatment factors, boron fertilizer

and bokashi fertilizer. However, boron treatment had a very significant effect on tomato growth, while bokashi
treatment had no effect on tomato growth. To see the differences, a 5% BNJ test was conducted.
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Table 3. Average of Boron Fertilizer and Bokashi Fertilizer Treatments on Stem Diameter

Treatment Average
Boron 1 kg/ha 1.12 b
Boron 2 kg/ha .11 a
Boron 3 kg/ha 1.14 b
BNJ 5% 0.03
Bokashi 5 tons/ha 1.12
Bokashi 10 tons/ha 1.13
Bokashi 15 tons/ha 1.12
BNJ 5% tn

Note: Numbers in the same column that are the same are not significantly different, tn = not significant

Based on Table 3, the 1 kg/ha boron treatment showed a significant difference compared to the 2 kg/ha

boron treatment with a value of 1.14. Meanwhile, 5 tons/ha of bokashi produced relatively stable stem
diameters in the range of 1.12—-1.13 cm.

3.4 Number of Fruits per Plant
Based on the analysis of variance, there was no interaction between the two treatment factors, boron fertilizer
and bokashi fertilizer. However, boron treatment had a very significant effect on tomato growth, while bokashi

treatment had no effect on tomato growth. To determine the differences, a 5% BNJ test was conducted.

Table 4. Average Effects of Boron Fertilizer and Bokashi Fertilizer Treatments on Fruit Yield

Treatment Average
Boron 1 kg/ha 2422 b
Boron 2 kg/ha 21.67 ab
Boron 3 kg/ha 20.00 a
BNJ 5% 3
Bokashi 5 tons/ha 21.33
Bokashi 10 tons/ha 21.33
Bokashi 15 tons/ha 23.22
BNJ 5% tn

Note: identical numbers in the same column are not significantly different, n.s. = not significant

Table 4 shows that the application of boron fertilizer and bokashi has a significant effect on the number of
tomato fruits. The 1 kg/ha boron treatment produced the highest number of fruits, namely 24.22 fruits per plant,
which was significantly different (b) compared to other boron doses, where the 3 kg/ha dose actually produced
the lowest number of fruits (20.00) and was significantly different (a), indicating that too high a boron dose can
reduce fruit productivity. Meanwhile, bokashi application showed an increasing trend in fruit yield with increasing
doses, with 15 tons/ha of bokashi producing 23.22 fruits per plant, approaching the best result from 1 kg/ha of
boron.

3.5 Fruit Weight
Based on the analysis of variance, there was no interaction between the two treatment factors, boron fertilizer
and bokashi fertilizer. However, boron treatment had a very significant effect on tomato growth, while bokashi

treatment had no effect on tomato growth. To determine the differences, a 5% BNJ test was conducted.

Table 5. Average Effects of Boron Fertilizer and Bokashi Fertilizer Treatments on Fruit Number

Treatment 7

Boron 1 kg/ha 420.71 a
Boron 2 kg/ha 472778 a
Boron 3 kg/ha 673.17 b
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BNJ 5% 71.36
Bokashi 5 tons/ha 517.69
Bokashi 10 tons/ha 525.49
Bokashi 15 tons/ha 523.48
BNJ 5% tn

Note: Identical numbers in the same column are not statistically significant, tn = not significant

Table 5 shows that boron and bokashi fertilizer treatments had a significant effect on the fruit weight of tomato
plants. A boron dose of 3 kg/ha produced the highest fruit weight, namely 673.17 grams per plant, and was
significantly different (b) compared to boron doses of 1 and 2 kg/ha, which produced 420.71 and 472.78 grams
(a), respectively. This indicates that increasing the boron dose can significantly increase fruit weight up to a certain
limit. Bokashi treatment at various doses (5, 10, and 15 tons/ha) produced fairly consistent results, ranging from
517.69 to 525.49 grams, although there were no significant differences between doses.

3.6 Fruit Sweetness
Based on the analysis of variance, there was no interaction between the two treatment factors, boron fertilizer
and bokashi fertilizer. Boron treatment did not affect tomato growth, nor did bokashi treatment affect tomato

growth. To see the differences, a 5% BNJ test was conducted.

Table 6. Average Effects of Boron Fertilizer and Bokashi Fertilizer Treatments on Fruit Yield

Treatment 7
Boron 1 kg/ha 4.56
Boron 2 kg/ha 4.44
Boron 3 kg/ha 4.56
BNJ 5% tn
Bokashi 5 tons/ha 4.56
Bokashi 10 tons/ha 4.67
Bokashi 15 tons/ha 4.33
BNJ 5% tn

Note: Numbers in the same column that are different are not significant, ns = not significant

Table 6 shows that the application of boron fertilizer and bokashi did not result in significant differences in
the number of fruits per tomato plant, as all treatments produced relatively similar average fruit counts, ranging
from 4.33 to 4.67 fruits per plant. Boron treatment at various doses (1, 2, and 3 kg/ha) and bokashi (5, 10, and 15
tons/ha) produced almost equivalent results, indicating that these two types of fertilizer did not significantly affect
the number of fruits, although they may have had an impact on fruit size or weight, as seen in the previous data.

3.7 Discussion

Boron fertilizer application has been shown to affect various aspects of tomato plant growth and yield. Boron
plays an important role in cell wall formation, carbohydrate metabolism, and cell division and elongation
processes. This is reflected in the data showing that boron treatment, especially at a dose of 3 kg/ha, significantly
increased plant height and fruit weight compared to lower doses and the control. However, in terms of fruit
number, the 1 kg/ha boron dose yielded the highest results, indicating that moderate amounts of boron are more
effective in promoting fruit quantity than higher doses, which tend to increase size rather than number [14] [15].

Meanwhile, the application of bokashi fertilizer, which is an organic fertilizer produced through fermentation,
also had a positive effect on vegetative growth, such as plant height, number of leaves, and stem diameter. Bokashi
improves soil fertility by improving soil structure and increasing organic matter content, as well as stimulating
the activity of soil microorganisms that support nutrient availability. The highest dose, 15 tons/ha, consistently
showed the best results in increasing plant height and number of leaves. Although it did not always show
significant differences in stem diameter and number of fruits, bokashi's contribution to improving the growing
environment remains important for supporting overall plant growth [16].

The combination of boron fertilizer and bokashi appears to have a synergistic effect in promoting tomato plant
growth and yield. Boron provides essential micronutrients in small but essential amounts, while bokashi provides
macronutrients and improves soil conditions. The data show that treatment with both types of fertilizer
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significantly increased fruit weight, indicating improved nutrient absorption efficiency and plant productivity.
This success demonstrates the importance of an integrated fertilization approach between chemical and organic
fertilizers to achieve optimal and sustainable plant growth and yield [17] [18].

Overall, the results of this study support that the use of boron and bokashi fertilizers, either alone or in
combination, has a significant effect on tomato growth and yield parameters. The best treatment varies depending
on the parameters observed, but boron doses of 1-3 kg/ha and bokashi doses of 15 tons/ha generally provide
superior results [19] [20].

4 Conclusion

Based on the research results, it can be concluded that the application of boron and bokashi fertilizers has a
significant effect on tomato plant growth and yield, with the most prominent parameters including plant height,
number of leaves, stem diameter, fruit weight, and number of fruits. A boron dose of 3 kg/ha provides the best
results in increasing plant height and fruit weight, while a dose of 1 kg/ha is more effective in increasing the
number of fruits. On the other hand, a bokashi dose of 15 tons/ha showed a consistent positive contribution to
vegetative growth and crop yield.
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