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Abstract. Fertilizer application and timely nutrient availability are
cultivation techniques that are key to increasing leek productivity.
Lowlands are a topography that provides an opportunity for developing leek
planting areas. This study aims to determine the absorption capacity of leek
plants for nitrogen, potassium, and phosphorus elements on chlorophyll
levels and crop yields in the application of electrical induction and the
provision of potassium phosphate fertilizer. Implementation April 2025,
Location Malang Regency, East Java, Indonesia. Altitude 375 m, alluvial
soil type. The research method uses a factorial randomized block design.
Factor 1: Electrical Induction; ILo: without induction; ILa: 5 Ah electrical
induction; ILb: 10 Ah electrical induction; ILc: 15 Ah electrical induction.
Factor 2, administration of potassium phosphate. KP0: Without potassium
phosphate; KP1: 2 ml-L potassium phosphate; KP2: 4 ml-L potassium
phosphate; KP3: 6 ml-L potassium phosphate; Analysis of 5% F test, Tukey
test, and Regression. The study revealed leaf area of 1168.23 cm2,
economic weight 128.22 g, yield 12.78 tons-ha, nitrogen uptake 3.33 mg-
100 g, potassium 3.37 mg-100 g, and phosphorus 0.78 mg-100 g. Biomass
1.60 tons-ha, chlorophyll content 50.99 ng-mL

Keywords: Potassium Phosphate, Electrostatic Induction, Nutrient
Uptake.

1. Introduction

Leeks are a highly sought-after vegetable crop, with market demand currently increasing.
This growing demand necessitates the expansion of planting areas. One alternative is the
utilization of lowland land to increase national production. Lowland land management must
be balanced with the use of superior varieties suited to the area, timely fertilization, and the
application of appropriate technology [1]. Lowland land productivity is somewhat less
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suitable for growing horticultural vegetables, as this is related to the physical, chemical, and
biological properties of the soil, as well as water requirements during growth [2].
Agronomically, lowland land is less suitable for leek growth because it requires adequate
sunlight, temperatures between 15-28°C, and humidity of 85-89%. However, utilizing
lowland land still offers hope for increasing production to meet market demand.

The application of electrical induction techniques can help increase the effectiveness of
nutrient absorption in leek plants. Electrical induction applications should be carried out in
conditions where the growing media are irrigated or waterlogged. The electrical induction
process can help increase cation exchange capacity, release compounds trapped by soil
colloids, and improve nutrient availability for plants [3]. Another advantage of electrical
induction applications is that they can increase the amount of soil pore space. Land with
sufficient water in the root zone can facilitate ion and cation exchange in the soil if electrical
induction is applied. Water functions as a conductor of electrical wave propagation in the soil
and plant body. This electric current will enter the wet land and enter with the mass flow of
water into the plant body. This condition certainly affects metabolism, especially biochemical
reactions. Another related thing is that the photosynthesis process of leek plants will also be
stimulated by better nutrient absorption, so that photosynthesis results can be better in the
formation of tissue in growing organs [4]. The implementation of electrical induction in wet
agricultural land cultivation with a current strength of 10 Ampere hours (Ah) can improve
the quality of leek crop yields [5].

Potassium phosphate plus fertilizer contains macro and micro nutrients that are very
useful for the growth and development of leek plants. Potassium phosphate plus fertilizer
contains several macro and micro nutrients, including: K 45%, P 45%, Fe 1%, Zn 150 ppm,
Cu 0.01%, Mn, Cu, Zn, B, and Mo (less than 0.01%). Potassium elements are very useful for
increasing resistance to disease attacks, water stress resistance, and improving the cation
exchange capacity of leek plants. Potassium elements in plants can increase the absorption
of micro nutrients with the highest concentration order starting from Fe > Mn > Zn > Cu >
B, and related to texture, planting pattern,s and land use techniques [6].

Leek plants require phosphorus for root formation, stem growth, and adaptation.
Phosphorus and molybdenum are linked to increased yields, protein, and carbohydrate levels
in plants [7]. Adequate phosphorus uptake will increase biomass yield, viability, strong
adaptation, and fibrous root growth and root enlargement [§].

Plant metabolism, particularly photosynthesis, is influenced not only by light and
temperature but also by nutrient intake, such as potassium. Potassium helps maintain cell
stability during the opening and closing of stomata. Potassium accelerates the distribution of
photosynthates, thereby stimulating stem diameter growth and increasing biomass.
Application of organic and potassium fertilizers can improve vegetative growth and
vegetable yields [9].

2. Materials and Methods

2.1 Research Location and Time

Implementation April-July 2025, Location Malang Regency, East Java, Indonesia. Altitude
375 m, alluvial soil type, object is leek plants

2.2 Materials and Equipment

The materials used are potassium phosphate plus fertilizer and electrical induction
equipment. The equipment includes: Aqqu 12 volt Direct Current (DC) electrical induction
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equipment, 0.5 mm copper wire; pH meter; Avometer; Atomic Absorption
Spectrophotometer (AAS), Kjeldahl method, and Refractometer.

2.3 Experimental Design

The method used is a randomized block design arranged factorially. Factor 1, Electrical
induction with a weak current for 60 minutes per week. Treatment code ILO: no induction;
ILa: 5 Ah (Ampere hour) electrical induction; ILb: 10 Ah electrical induction; ILc: 15 Ah
electrical induction. Factor 2: Potassium phosphate fertilization once every 10 days. KPO:
Without potassium phosphate; KP1: 2 ml/L potassium phosphate; KP2: 4 ml/L potassium
phosphate; KP3: 6 ml/L potassium phosphate. Induction application is carried out starting 14
days after planting. The induction tool is a 12 Volt battery.

2.4 Research Implementation

Land induction must be carried out in wet conditions. The electrical installation uses 0.16
mm copper wire, 0.6 mm iron cathode material,and 60 cm long. The power source used is a
12 Volt aqqu. Electrical induction is carried out once a week, starting at 14 days after
planting. Potassium phosphate plus fertilization is given through watering techniques with a
14-day interval. Fertilization is carried out at 07.00. The parameters observed are: leaf area,
economic weight, yield per hectare, absorption of nitrogen, sulfur, potassium, and
chlorophyll levels.

2.5 Data Analysis
The data analysis used was the 5% ANOVA F test, 5% Tukey tes,t and Regression Test.

3. Results and Discussion

Increasing leek productivity always requires innovation to boost national leek production.
Vegetable crops like leeks thrive best in temperatures ranging from 20 to 28°C. However,
they can also be cultivated in lowlands with relatively lower yields. Improvements in
cultivation techniques can be made by applying low-current electrical induction and applying
potassium phosphate plus fertilizer. The results of field implementation on leeks are shown
in Table 1.

The application of electrical induction and the provision of potassium phosphate plus
showed a leaf area of 1168.23 cm2, an economic fresh weight per clump of 128.22 g ,and a
yield of 12.78 tons-ha. This condition is due to the 10 Ampere electrical induction process
for 60 minutes, combined with the provision of potassium phosphate plus fertilizer 4 ml-L
proven to be able to improve the availability of nutrients in the soil and right when plants
need nutrients. When the electrical induction process is running, an ionization process occurs.
When induction occurs, there is a release of complex compounds that are absorbed by soil
colloids. Electrical induction with a weak current in agricultural land with technical irrigation
greatly helps the availability of nutrients for the growth of leek plants. The application of
electrical induction with a weak current for 60 minutes in a 7-day interval can accelerate ion
exchange and neutralize soil pH [3].

Table 1. The combination of electrical induction and potassium phosphate plus applications on leeks.
Treatments Leaf area (cm?) | Economical Weight (g)| Yield (ton™) |
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ILKP, 604,82 a 64,19 a 6,18a
IL\KP; 628,50 ab 66,31 b 6,45a
1LKP, 607,55 a 64,73 b 6,65 a
1LoKP; 627,12 abc 64,67 a 6,23 a
IL.KPy 639,22 abed 90,42 ¢ 7,27 ab
IL.KP; 653,27 bede 91,85 ¢ 8,32 bc
IL.KP, 668,13 cde 92,25 ¢ 8,47 be
1L.KP; 677,16 de 93,12 ¢ 8,74 ¢
IL,KP, 685,27 ¢ 92,35¢ 8,18 bc
IL,KP; 1092,22 j 11433 ¢ 11,35
1L, KP, 1168,23 k 128,22 h 12,78 g
1L, KP3 1024,22 i 122,21 fg 10,53 ef
IL.KPy 1101,29 h 119,11fg 10,14 de
IL.KP; 1023,61 i 113,31 ef 9,36 cde
IL.KP, 904,54 gh 110,84 ¢ 9,32 cd
IL.KP; 731,25 f 109,28 de 9,31 cd

Another advantage in rice fields is that they are often given fertilizers containing sulfur,
which can neutralize the pH. Electrical induction with a current of 10 Amperes for 60 minutes
can help neutralize soil pH and improve the availability of macro and micro nutrients [4].
The mechanism of electrical induction in agricultural land is a primary requirement for wet
soil. Wet soil conditions allow for the propagation of electrical currents to work more
effectively in the ionization process. The ionization process will proceed quickly and can
release complex compounds trapped in colloids due to the exchange of positive and negative
ions. The application of electrical induction with a weak current can help release compounds
trapped by soil colloids. These compounds will then undergo an exchange of cations and
anions, thus breaking down into simpler compounds and becoming available to plants [10].

Timely nutrient absorption will significantly assist plants in the process of photosynthesis
and the distribution of photosynthates to plant organs, such as height growth, plant area, and
yield. Leek plants require nutrients such as phosphorus and potassium during growth for
energy production, cell tissue development, plant resilience, physiological processes, and
determining yield quality. Nutritional needs can be met by supplementing with potassium
phosphate plus 4 ml/L every 10 days. Potassium metabolism acts as an enzyme activator,
particularly in photosynthesis, and can increase the rate of adenosine triphosphate (ATP)
synthesis. Potassium transport and mass flow mechanisms contribute to the balance of cell
function and energy production. Potassium also plays a role in the distribution of
photosynthesis products, regulating turgor pressure, leaf elasticity, and water stress
resistance. Potassium is essential for the formation of proteins, carbohydrates, and sugars.
[11] reported that potassium plays a vital role in yield quality, flavor, aroma, and increased
resistance to environmental stresses such as temperature and plant organ elasticity.

Leek plant productivity reached 12.78 tons per hectare, due to the role of electrical
induction and the provision of potassium phosphate fertilizer. The weight of the plant part
consumed reached 128.22g per clump. Agronomically, the yield of leek plants is also
determined by weather conditions and location temperature. Leek plants planted in lowland
areas still play a significant role in plant growth and development. The topography of sloping
areas and different parent materials has low fertility levels. Soil with slope gradients and
different parent materials and sandy textures has a low cation exchange capacity value [12].
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combination of electric induction treatment and potassium phosphate fertilizer
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Fig. 1. The effect of induction with a weak current on the absorption of nitrogen, potassium, and
phosphorus elements.

The analysis results show that the addition of current strength and the provision of
potassium phosphate plus affects the absorption of nitrogen element,s as seen in the equation
y=-0.0154x2 + 0.3095x + 1.5738 with R? = 0.9063. Based on this equation, the result shows
the value of x = 0.0998. This graph shows that each increase in current strength and
concentration of potassium phosphate per unit shows a decrease of 1.54% in the results of
the amount of nitrogen absorption in leek plants. This condition is due to the exchange of
ions and cations during the induction process and the provision of potassium phosphate plus.
This ion exchange stimulates plants to absorb nitrogen. The contribution of the induction
process and the provision of potassium phosphate plus is 90.63%. Nitrogen is an element that
plants need in large quantities, but if the treatment is carried out beyond the needs, it can have
a negative effect on reducing nitrogen absorption. Plants that lack nitrogen elements can
inhibit the process of photosynthesis, resulting in low photosynthesis results, the formation
of plant organs decreases, and the results are not optimal. Strategies for developing
sustainable agriculture require timely input and prevent excessive nitrogen loss [13]. The
results of the analysis of the combined treatment of electrical induction and potassium
phosphate plus on leek plants in the lowlands show the equation y = -0.0266x2 + 0.5716x +
0.1765 with R? = 0.9573. Based on this equation, the result shows the value of x = 0.093.
This graph shows that each increase in current strength and concentration of potassium
phosphate per unit shows a decrease of 2.66% in the results of the amount of potassium
element absorption in leek plants. This condition is due to the exchange of ions and cations
during the induction process and the administration of potassium phosphate. The contribution
of the induction process and the administration of potassium phosphate plus is 95.73%. The
administration of potassium phosphate fertilizer can increase the intake of macro nutrients
such as potassium and phosphate. Leek plants during growth require potassium elements in
the formation of adenosine triphosphate (ATP).
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The energy production process during photosynthesis and carbohydrate synthesis requires
potassium. Other roles include transporting sugars, assimilating CO2, and regulating osmotic
conditions in plant cells to maintain water and nutrient balance. Potassium deficiency can
inhibit enzyme function and reduce ATP production, resulting in yellow, curled leaves and
slow growth. Potassium helps transport K+ in the xylem and phloem, and in the identity of
molecules in plant vessels. The potassium cycle plays a significant role in metabolic
processes, particularly in the regulation of purines and ATP-ase activity.[11]

The results of the analysis of the combined treatment of electrical induction and potassium
phosphate plus administration on leek plants in the lowlands show the equation y = -0.0054x>
+0.1125x + 0.0874 with R? = 0.976. Based on this equation, the result shows the value of x
= 0.048. This graph shows that each increase in current strength and concentration of
potassium phosphate per unit shows a decrease of 0.54% in the amount of phosphorus
element absorption in leek plants. This condition is due to the exchange of ions and cations
during the induction process and administration of potassium phosphate. The contribution of
the induction process and administration of potassium phosphate plus is 97.60%.

Induction in agricultural land with moist soil can accelerate the ion exchange process and
the release of absorbed complex compounds, making them available to plants [14]. Nutrient
uptake during plant growth and development can increase the fresh weight and biomass of
leek plants. Plant biomass gain is influenced by internal and external factors. Plant conditions
in growing areas with ideal growth requirements typically have a positive correlation between
the independent and dependent variables. This research was conducted in lowlands where
agronomical factors are less favorable, and leek varieties are suitable for lowlands. The leek
biomass yield is shown in Figure 2.

The results of the combination of electrical induction
treatment and potassium phosphate plus fertilizer on biomass weight
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Fig. 2. The effect of a combination of induction application with high current (Ah) and potassium
phosphate Plus on leek plant biomass.
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The results of the analysis of the combined treatment of electrical induction and potassium
phosphate plus on leek plants in the lowlands show the equation y =-0.0045x2 + 0.1144x +
0.5401 with R? = 0.6912. Based on the results of the equation, the value of x = 0.0787. This
graph shows that each increase in current strength and concentration of potassium phosphate
per unit shows a decrease of 0.45% in the amount of biomass weight per hectare of leek
plants. This condition is due to the exchange of ions and cations during the induction process
and the administration of potassium phosphate by 69.12%.

This treatment combination showed a significant difference when compared to the control
and other treatments. This dry weight reflects the results of the photosynthesis process
allocated to all parts of the plant organs during growth until harvest. The photosynthesis
process is greatly influenced by several factors, such as the availability of the amount of
nutrients and the accuracy of plant's needs. The effect of the induction process can help
increase the exchange of ions and cations in the soil. The application of induction to
agricultural land can help increase ion exchange and the release of complex compounds that
are absorbed by soil colloids. The release of these compounds provides an opportunity to be
broken down again into simpler compounds and be available to plants. Increasing ion
exchange can help increase the availability of more nutrients that can be absorbed by plants
through the roots [4]. Potassium phosphate supplementation can increase the fresh weight
per clump of leeks. However, a deficiency in potassium and phosphate can disrupt the
regulation of metabolic processes in organ formation [9]. Phosphate plays a crucial role in
plant tissue formation, accelerating cell division [15].
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Fig. 3. Relationship between nitrogen, phosphorus, and potassium nutrient uptake and chlorophyll
content in leek leaves.

The analysis results show the relationship between the amount of nitrogen element
absorption and the chlorophyll content of leek leaves, showing an equation pattern of y =
14.251x + 1.9125 with R* = 0.8324. The nitrogen absorption value from the results of the
induction application and the provision of potassium phosphate plus shows a positive
contribution to increasing the chlorophyll content of leek leaves. Based on the equation
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above, each additional nitrogen absorption value per unit will increase the chlorophyll
content by 7.451 (ug-mL). The relationship of nitrogen absorption to chlorophyll content is
83.24%. Nitrogen elements are needed by plants in large quantities. Plants that lack nitrogen
elements can inhibit the process of photosynthesis, resulting in low photosynthesis results,
the formation of plant organs decreases, and the results are not optimal. The strategy for
developing a sustainable agricultural system requires timely input and prevents excessive
nitrogen loss [15].

The relationship between potassium absorption and chlorophyll content in leek leaves
shows the equation y = 6.7416x + 24.133 with R? = 0.737. The potassium absorption value
from the application of electrical induction and the provision of potassium phosphate plus
shows a positive increase in the increase in chlorophyll content in leek leaves. The increase
in chlorophyll content in leek leaves occurs with each additional potassium absorption per
unit, which will increase the leaf chlorophyll content by 0.279 (ug-mL). The contribution of
potassium absorption to chlorophyll content is 73.70%. This is due to the exchange of cations
and anions in the induction process and nutrient intake from the provision of potassium
phosphate plus. The role of potassium in plants is to improve the quality of yields in
vegetables and fruits, namely, vitamin content, aroma, and sweet taste. It helps in the
distribution of photosynthesis products, such as sugar and carbohydrates, throughout the
plant organs. The potassium element isEnzyme activator in sugar synthesis, organ formation,
color brightness, color, leaf thickness, and crop yield [9].

The relationship between phosphorus absorption and chlorophyll content in leek leaves
shows the equation y = 36.713x + 21.706 with R?> = 0.8974. This situation illustrates that
phosphorus absorption is a result of the application of electrical induction and the addition of
potassium phosphate. This relationship shows a positive pattern with increasing chlorophyll
content in leek leaves. The increase in chlorophyll content in leek leaves occurs with each
additional unit of phosphorus absorption of 1.691 (ug-mL). The contribution of phosphorus
absorption to chlorophyll content is 89.74%. This is due to the exchange of cations and anions
during the induction process and the application of potassium phosphate plus fertilizer.
Phosphorus absorption in leek plants is related to the dry weight of the plant. Phosphorus is
the main building block of plant cell networks and cell division, thereby increasing the fresh
weight of the plant. The main function of phosphorus during photosynthesis is in the
formation of ATP and NADP (Nicotinamide Adenine Dinucleotide Phosphate). These
molecules are rich in energy, DNA and RNA synthesis, and in the formation of cell
membranes. During photosynthesis, phosphorus is involved in the transformation of light
energy into chemical energy stored in ATP molecules and the fixation of carbon dioxide in
the dark stage of photosynthesis, which is the initial step in sugar formation. Phosphorus also
helps the process of water transport and strengthens growth in plant root tissue. Fulfillment
of phosphorus elements can improve growth and increase yields [15].

4. Conclusions

Vegetable cultivation in lowland areas using electrical induction techniques and the
application of potassium fertilizer offers an opportunity to expand planting areas and increase
leek production. The absorption of nitrogen, potassium, and phosphate is influenced by
external factors such as timing, nutrient requirements, technology, and soil type. The
presence of nitrogen, phosphorus, and potassium influences the increase in chlorophyll
content, biomass yield, and productivity of leek plants. Further research is needed to
strengthen the data using different cathodes. Efforts to expand planting areas in lowlands
should be balanced with the application of appropriate technology.
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