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ABSTRACT

Fertilization is essential for sustaining crop productivity, yet foliar application of NPK fertilizer remains
underutilized in cabbage (Brassica oleracea) cultivation. This study evaluated the effectiveness of liquid
inorganic NPK fertilizer applied directly to cabbage leaves to enhance growth and yield. The experiment
followed a randomized complete block design (RCBD) with six treatments: no fertilizer (P0), 0.5 dose (P1),
0.75 dose (P2), 1.0 dose (P3), 1.25 dose (P4), and 1.5 dose (P5), alongside a uniform basal application of
Urea, KCI, and SP-36. Results showed that the 1.5-dose treatment significantly improved plant height, leaf
number, yield per plot, and yield per hectare compared to the control. Economically, this treatment also
achieved the highest benefit-cost ratio, indicating superior profitability. These findings suggest that foliar
application of liquid inorganic fertilizer is both agronomically effective and economically viable for cabbage
production. The recommended application rate is 3.0 L/ha, applied at 2, 3, 4, and 5 weeks after
transplanting.

Keywords: benefit-cost analysis, cabbage growth and yield, foliar fertilization, liquid inorganic NPK,
macronutrient uptake
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INTRODUCTION

Fertilization is a cornerstone of modern agriculture, essential for maintaining soll
fertility and ensuring that crops receive the nutrients necessary for optimal growth and
productivity. The combined use of organic and inorganic fertilizers enables the delivery of
vital macro- and micronutrients while also enhancing soil structure and promoting
beneficial microbial activity (Mahmood et al., 2017; Manzoor et al., 2024). Organic
fertilizers contribute to long-term soil health by increasing organic matter and improving
nutrient cycling (Alcantara et al., 2016; Herencia et al., 2008), whereas inorganic fertilizers
offer rapid nutrient availability and support key physiological functions such as
photosynthesis and enzymatic activity (Miao et al., 2011). When applied in a balanced
manner, these fertilizers can significantly improve crop yields and soil quality, particularly
in rotational systems like rice—oilseed rape (Yousaf et al., 2017). The emergence of
precision agriculture has further enhanced nutrient management by enabling targeted
application, thereby reducing environmental risks such as nutrient runoff and soil
degradation (Ameyu, 2024).

Among macronutrients, nitrogen (N), phosphorus (P), and potassium (K) are
fundamental to plant development. Nitrogen is especially critical due to its role in
photosynthesis, respiration, and the synthesis of amino acids and chlorophyll (Dell’Acqua
et al., 2024; Perkowski et al., 2024; Yao et al., 2023). Although nitrogen is abundant in
the atmosphere, plants can only absorb it in the form of ammonium (NH,*) and nitrate
(NO37) through their roots (Kuppe & Postma, 2024; Fallahi & Sharifi, 2020; Zi et al., 2025).
Nitrogen uptake is dynamic, peaking during early growth stages and declining as plants
mature, regulated by molecular mechanisms that adjust transporter expression to match
developmental needs (Chen et al., 2024; Tulloss & Cadenasso, 2016; Khan et al., 2019).
Efficient nitrogen use is further influenced by soil conditions and microbial interactions,
with innovations such as biological nitrification inhibitors showing promise in enhancing
ammonium uptake (Siqueira et al., 2020; Tanaka & Nakano, 2019; Weber et al., 2021).

Potassium also plays a vital role in plant physiology, particularly in protein
synthesis, by activating enzymes involved in nitrogen metabolism (Wang et al., 2018). A
deficiency in K has been linked to reduced nitrate and soluble protein levels, as well as
impaired enzymatic activity, which negatively affects protein synthesis (Xu et al., 2022;
Tahir et al., 2023). Additionally, K helps regulate ionic balance and supports metabolic
homeostasis during periods of active growth. Phosphorus complements these functions
by participating in cell division, respiration, and root development. Absorbed as phosphate
ions, P is a structural and regulatory component of nucleic acids and energy molecules
such as ATP and ADP, facilitating energy transfer and supporting cellular metabolism
(Wang et al., 2024).

Despite the importance of these nutrients, foliar application of NPK fertilizer
remains underutilized in cabbage (Brassica oleracea) cultivation. Given its potential to
enhance nutrient uptake efficiency and crop performance, this study aims to evaluate the
effectiveness of liquid inorganic NPK fertilizer applied directly to cabbage leaves, with the
goal of optimizing growth and yield.
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MATERIALS AND METHODS
Materials

The materials used in this experiment included cabbage seeds, liquid inorganic
fertilizer, Urea, SP-36, and KCI. The tools utilized comprised standard cultivation
equipment such as hoes, hand forks, sprayers, sample markers, measuring tapes, and
digital scales. Data analysis was performed using a computer equipped with the SAS
statistical software. The liquid inorganic fertilizer contained 5.38% nitrogen (N), 4.60%
phosphorus pentoxide (P,0Os), and 5.70% potassium oxide (K;O).

Methods

The experiment was arranged in a randomized complete block design (RCBD).
The treatments consisted of six levels of liquid inorganic fertilizer application: no fertilizer
(P0O), 0.5 dose (P1), 0.75 dose (P2), 1.0 dose (P3), 1.25 dose (P4), and 1.5 dose (P5).
Each treatment was replicated four times, resulting in a total of 24 experimental units.
Each unit was a plot measuring 25 m2. All plots received a basal fertilizer application of
200 kg/ha Urea, 100 kg/ha KCI, and 100 kg/ha SP-36. Details of the treatments are
presented in Table 1.

Table 1. Details of Liquid Inorganic Fertilizer Treatments

Treatment Concentration Dosage
(ml/liter (L/ha/application)
water/application)
Control - -
0.5 dose of liquid inorganic fertilizer 2 1
0.75 dose of liquid inorganic fertilizer 3 1.5
1.0 dose of liquid inorganic fertilizer 4 2
1.25 dose of liquid inorganic fertilizer 5 2.5
1.5 dose of liquid inorganic fertilizer 6 3

Field Preparation and Crop Management

The field was thoroughly prepared by double-tilling with a hoe until it was ready for
planting. The second tillage was followed by the construction of raised beds, each
measuring 1 meter in width and 5 meters in length, with approximately 50 cm spacing
between beds. Each experimental unit consisted of five raised beds, each 5 meters long.

Seedlings were transplanted at 21 days after sowing, with one seedling per
planting hole. The planting spacing used was 60 cm x 40 cm, with one plant per hole.
Fertilization was carried out according to local recommendations. The liquid inorganic
fertilizer was applied at the designated treatment doses during the 2nd, 3rd, 4th, and 5th
weeks after transplanting (WAT). Basal fertilizers, Urea, SP-36, and KCI were applied at
1 WAT. Pest and disease control was conducted as needed, based on the severity of
infestation, using pesticides in a limited and targeted manner.
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Data Collection

Plant growth observations included measurements of plant height and the number
of leaves. These observations were conducted on five randomly selected sample plants
within each experimental unit. Yield and yield components were assessed by measuring
yield per plant, yield per plot, and extrapolated yield per hectare, which was calculated
based on the plot-level data.

Statistical Analysis and Economic Evaluation

The data were statistically analyzed using analysis of variance (ANOVA), followed
by Duncan’s Multiple Range Test (DMRT) at a 5% significance level to determine
differences among treatment means. A farm business analysis was conducted using
economic evaluation parameters, including profit and the benefit-cost ratio (B/C).

RESULTS AND DISCUSSIONS
Results
Effect of Liquid Inorganic Fertilizer on Cabbage Plant Growth

The application of liquid inorganic fertilizer had a significant effect on cabbage plant height
(Table 2). Plants treated with the fertilizer exhibited greater height compared to the
control. Treatments with 0.5 to 1.5 doses of liquid inorganic fertilizer resulted in improved
plant height from 3 to 6 weeks after transplanting (WAT). At 6 WAT, plant height ranged
from 39.5 to 41.8 cm in the fertilizer-treated plots, whereas the control treatment produced
a height of only 34.7 cm. Although the fertilizer treatments enhanced plant growth
compared to the control, there were no statistically significant differences in plant height
among the different fertilizer dose levels.

Table 2. Effect of Liquid Inorganic Fertilizer Application on Cabbage Plant Height
Plant Height (cm)

Treatment 3WAT _ 4WAT _ 5WAT 6 WAT
Control 14.7b 20.9b 28.2b 34.7b
0.5 dose of liquid inorganic fertilizer 18.8a 25 83 34.53 39.6a
0.75 dose of liquid inorganic fertilizer 19.4a 27.1a 33.6a 41.8a
1.0 dose of liquid inorganic fertilizer 18.7a 25.6a 32.7a 39.5a
1.25 dose of liquid inorganic fertilizer 19.3a 26.5a 33.5a 40.7a
1.5 dose of liquid inorganic fertilizer 18.7a 26.3a 34.6a 40.1a

Note: Values in the same column followed by the same letter are not significantly different according to
Duncan’s Multiple Range Test (DMRT) at the 5% significance level.

The application of liquid inorganic fertilizer significantly affected the number of
leaves produced by cabbage plants (Table 3). Fertilizer treatments resulted in a higher
leaf count compared to the control. Applications ranging from 0.5 to 1.5 doses of liquid
inorganic fertilizer consistently produced more leaves from 3 to 6 weeks after
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transplanting (WAT) than the control treatment. At 6 WAT, the number of leaves in the
fertilizer-treated plants ranged from 12.5 to 12.7, while the control treatment produced
only 10 leaves. However, there were no statistically significant differences in leaf number
among the various fertilizer dose levels.

Table 3. Effect of Liquid Inorganic Fertilizer Application on Leaf Number of Cabbage Plants

Leaf Number

Treatment 3WAT __4WAT __ 5WAT 6 WAT
Control 4.4b 5.9b 7.7b 10.0b
0.5 dose of liquid inorganic fertilizer 5.3a 7.4a 10.1a 12.6a
0.75 dose of liquid inorganic fertilizer 5.3a 7.4a 10.1a 12.5a
1.0 dose of liquid inorganic fertilizer 5.3a 7.3a 9.9a 12.5a
1.25 dose of liquid inorganic fertilizer 5.6a 7.7a 10.2a 12.5a
1.5 dose of liquid inorganic fertilizer 5.5a 7.5a 10.1a 12.7a

Note: Values in the same column followed by the same letter are not significantly different according to
Duncan’s Multiple Range Test (DMRT) at the 5% significance level.

Effect of Liquid Inorganic Fertilizer on Cabbage Yield

The application of liquid inorganic fertilizer significantly affected yield per plot and
yield per hectare, but had no significant effect on yield per plant (Table 4). Differences in
fertilizer dose levels did not result in significant changes in yield per plant between
treatments and the control. However, the application of 1.5 doses of liquid inorganic
fertilizer produced the highest yield per plot at 41.0 kg, compared to only 34.7 kg in the
control. This trend was consistent with the yield per hectare, where the 1.5-dose treatment
resulted in a yield of 16.4 tons/ha, while the control yielded only 13.9 tons/ha. The
application of 1.5 doses of liquid inorganic fertilizer increased yield per hectare by 15.5%
compared to the control.

Table 4. Effect of Liquid Inorganic Fertilizer Application on Cabbage Yield

Treatment Yield/ Yield/ Yield/

Plant (g) Plot (kg) ha (kg/ha)
Control 133.3a 34.7b 13866.7b
0.5 dose of liquid inorganic fertilizer 148.7a 37.7ab 15066.7ab
0.75 dose of liquid inorganic fertilizer 164.0a 36.3ab 14533.3ab
1.0 dose of liquid inorganic fertilizer 154.7a 38.7ab 15466.7ab
1.25 dose of liquid inorganic fertilizer 150.7a 38.0ab 15200.0ab
1.5 dose of liquid inorganic fertilizer 146.7a 41.0a 16400.0a

Note: Values in the same column followed by the same letter are not significantly different according to
Duncan’s Multiple Range Test (DMRT) at the 5% significance level.

Farm Business Analysis

The economic effectiveness of liquid inorganic fertilizer was evaluated using profit
and the benefit-cost ratio (B/C). These two indicators were used to assess the economic
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feasibility of cabbage farming. The results of the farm business analysis for several
treatments in the fertilizer effectiveness trial are presented in Table 5. All levels of liquid
inorganic fertilizer application were economically effective, as indicated by positive profit
values and B/C ratios greater than 1. The application of 1.5 doses of liquid inorganic
fertilizer yielded the highest B/C ratio of 2.67, while the control treatment resulted in a B/C

ratio of only 2.43.

Table 5. Results of Farm Business Analysis for Liquid Inorganic Fertilizer Treatments

Treatment Cost Revenue Benefit B/C
(Rp) (Rp) (Rp)

Control 11,435,000 27,733,400 16,298,400 2.43
0.5 dose of liquid inorganic fertilizer 11,715,000 30,133,400 18,418,400 2.57
0.75 dose of liquid inorganic fertilizer 11,855,000 29,066,600 17,211,600 2.45
1.0 dose of liquid inorganic fertilizer 11,995,000 30,933,400 18,938,400 2.58
1.25 dose of liquid inorganic fertilizer 12,135,000 30,400,000 18,265,000 2.51
1.5 dose of liquid inorganic fertilizer 12,275,000 32,800,000 20,525,000 2.67

Discussion

This study demonstrates the positive impact of foliar application of liquid inorganic
fertilizer on cabbage growth and yield. Applying doses ranging from 0.5 to 1.5 times the
recommended amount resulted in significant improvements in plant height, leaf number,
and overall productivity. The 1.5-dose treatment was particularly effective, increasing
plant height by up to 17% and yield per hectare by 15.5% compared to untreated plants.
Given that cabbage is a leafy crop, these enhancements in vegetative growth directly
contribute to higher yields, making foliar fertilization a promising strategy for improving
crop performance.

The success of foliar fertilization lies in its ability to deliver essential
macronutrients—nitrogen (N), phosphorus (P), and potassium (K)—directly to the leaves,
where they are rapidly absorbed and utilized (Sefano, 2025). Nitrogen, primarily taken up
as nitrate (NO3™) and ammonium (NH,"), is crucial for synthesizing proteins, amino acids,
nucleic acids, and chlorophyll, all of which are vital for healthy plant development (Gupta
et al., 2024). Phosphorus, absorbed as H,PO,” or HPO,* , depending on soil pH,
supports reproductive growth, root development, and crop quality, contributing to earlier
maturity and improved nutrient uptake (Saha et al., 2022; Khan et al., 2006).

Potassium plays a key role in maintaining cellular integrity, regulating water
balance, and enhancing resistance to pests and diseases. It also supports carbohydrate
metabolism and protein synthesis, helping plants perform better under stress conditions
(Kausar, 2016). However, potassium uptake can be affected by nutrient interactions—
excess levels of NH,* or Mg®* may inhibit its absorption, potentially disrupting nutrient
balance and metabolic efficiency (Chakwizira et al., 2025). These physiological insights
emphasize the importance of balanced nutrient management when applying foliar
fertilizers.
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Beyond the biological benefits, the economic analysis further supports the value
of this approach. The 1.5-dose treatment not only delivered the best agronomic outcomes
but also achieved the highest benefit-cost (B/C) ratio, indicating strong economic viability.
These findings suggest that integrating foliar NPK application into cabbage farming offers
a practical and profitable solution for growers seeking to enhance both yield and resource
efficiency.

CONCLUSION

The results of this study demonstrate that the application of 1.5 doses of liquid
inorganic fertilizer significantly improves cabbage growth and yield. Specifically, it
increases plant height, the number of leaves per plant, yield per plot, and yield per hectare
compared to the control. Agronomically, the 1.5-dose treatment is effective, and
economically, it is more profitable than the control. The findings confirm that liquid
inorganic fertilizer is economically beneficial for cabbage cultivation. Based on this
research, the recommended dose for cabbage is 3.0 L/ha per application, applied at 2, 3,
4, and 5 weeks after transplanting (WAT).
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