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ABSTRACT

This research aims to determine the best dose of KCI fertilizer and humic acid for peanut
yields. The study was conducted using a split-plot design with two factors, and each factor
was repeated three times. The dose of KCI as a subplot consisted of 4 levels (0, 50, 75, and
100 kg/ha), while humic acid as the main plot consisted of 4 levels (0, 10, 20, and 30 kg/ha).

Keywords: Observation included the number of non-productive gynophores, the number of pods, dry
Humic acid, weight harvest yield (pods per plant, pods per plot, seeds per plant, and seeds per plot), and
KCl, the weight of 100 seeds. The single factor of KCI dosage significantly affected the dry weight
Peanut, of pods per plant, dry weight of seeds per plant, and dry weight of seeds per plot. The single
Potassium, factor of humic acid treatment had no significant effect on all observation variables, while
Yield. the interaction of KCl and humic acid doses significantly affected the number of non-

productive gynophores and the weight of 100 seeds. The best dosage was 100 kg/ha,
Corresponding Author: producing the highest yield with a dry seed weight per plot of 147.43 g. The combination of
P4 sutini.agro@upnjatim.ac.id KCIl 75 kg/ha and humic acid 30 kg/ha produced peanuts with the best quality, with weight
(Sutini) 100 seeds of 39.47 g.

1. INTRODUCTION

Peanut (Arachis hypogaea) is a leguminous crop commonly cultivated in tropical regions such as Indonesia. Peanuts
are one of the most cultivated food commodities by domestic farmers, following rice, corn, and soybeans. As a food
crop, peanuts are a source of nutrition due to their content of 25%-30% plant-based protein, 40%-50% fat, 12%
carbohydrates, and vitamin B1 (Sembiring et al., 2014). The nutritional content of peanuts affects public health, as it
influences the quality of the food and feed industries. Peanuts have significant economic potential and high market
opportunities, both domestically and internationally, making them suitable for cultivation.

National peanut demand has been increasing yearly due to population growth, which impacts food needs, nutrition,
food diversification, and the high demand from industries. However, according to data released by the Kementerian
Pertanian (2022), Indonesia's peanut production has fluctuated and has not fully met domestic peanut consumption
needs. One solution to increase national peanut production is agricultural intensification by improving cultivation
factors with appropriate fertilization that meets crop needs, enabling peanut farming areas to produce higher yields.
Fertilization should be tailored to the plant's needs, considering the dosage and type of fertilizer used. Fertilization that
falls short of the plant's nutritional requirements will hinder growth and lower the quality and quantity of crop yields.
However, over-fertilization will increase fertilizer residue in agricultural soils, altering pH, texture, organic matter
content, and water absorption capacity, thereby reducing soil fertility. A solution to increase peanut yields is using
potassium as an inorganic fertilizer and adding humic acid as a fertilizer supplement.

KCI (potassium chloride) is a type of inorganic fertilizer containing potassium commonly used by farmers. It is
readily available and contains the macronutrient potassium, which plays an important role in enhancing peanut
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production. Peanuts need potassium to maximize nutrient absorption from the roots and translocate photosynthates
from the leaves to all parts of the plant. A lack of potassium may result in the formation of imperfect seeds, leading to
reduced peanut yield quality and quantity (Samosir & Pakpahan, 2019). Humic acid can be applied to peanut plants as
a fertilizer supplement because it influences plant growth and yields through two mechanisms. First, humic acid
enhances nutrient absorption. Second, its composition and content improve the soil's physical properties, making it
more friable, which facilitates root movement, nutrient absorption, gas exchange, and water availability (Pibars &
Mansour, 2019).

According to Swetha Reddy er al. (2020), the application of humic acid can strengthen cell membrane
permeability, increasing potassium absorption into plant cells, which in turn raises cell division pressure and boosts
cell energy, enhancing the photosynthesis rate. Ismillayli ef a/. (2019) conducted research on the interaction of humic
acid with urea (N), SP-36 (P), and KCl (K) using adsorption methods, characterized with Fourier Transform Infrared
Spectrophotometry, to determine fertilizer efficiency and supporting materials. There was an interaction between
humic acid and K* ions (from KCl), evidenced by the shift in initial absorption positions from 3421 cm™, 1611 cm™,
and 1375 cm™' to 3450 cm™, 1559 cm™', and 1379 cm™'. The interaction between potassium and humic acid had the
highest fertilizer efficiency compared to N (from urea) and P (from SP-36), with an efficiency value of 90.75%. These
studies serve as a reference for combining potassium fertilization with humic acid to maximize potassium absorption,
which peanuts need to improve crop yields.

The combination of different doses of KCl fertilizer and humic acid treatments is a promising solution to overcome
challenges in peanut cultivation. Discovering the best combination of KCl fertilizer and humic acid doses for peanut
plants is expected to help farmers maximize their yields. This research aims to investigate and study the effects of
potassium and humic acid on peanuts, both interactively and individually, to identify the best combination or dosage
for enhancing peanut production.

2. MATERIALS AND METHODS
2.1. Time and Location of Research

The research was conducted from January to May 2024 in the rice fields of Jambangan Village, Papar District, Kediri
Regency, East Java, located at an altitude of 16-30 meters above sea level, with predominantly sandy soil texture. The
coordinates of the location are 7°4124.3"S 112°06'09.9"E.

2.2. Tools and Materials

The tools included shovels, hoes, soil augers, sprayers, and digital scales. The materials used included local peanut
seeds, KCl fertilizer, humic acid, base fertilizers (goat manure, urea (N), SP-36 (P)), and pesticide (Relle-brand).

2.3. Experimental Design and Data Analysis

This experiment was arranged using a Split Plot Design (with two treatments: KCI fertilizer application as the subplot
and humic acid application as the main plot. The subplot (dose of KCl fertilizer) consisting of 4 levels, namely 0 kg/ha
(K0), 50 kg/ha (K1), 75 kg/ha (K2), and 100 kg/ha (K3). The main plot (dose of humic acid), also consisting of 4
levels, namely 0 kg/ha (A0), 10 kg/ha (A1), 20 kg/ha (A2), and 30 kg/ha (A3). Humic acid was applied by pouring.
Each treatment was randomized and repeated in three replications (Figure 1). The first replication was closer to the
irrigation river, the second replication was in the middle, and the third was closer to the area planted with other crops.
The observation data obtained were analyzed using variance analysis (ANOVA) with a linear model, and if significant
effects were found, the 5% HSD (Honestly Significant Difference) test was applied.

2.4. Land Preparation

The research began with tilling the soil using hoes to loosen the soil and break the weed life cycle. The soil was
arranged into beds measuring 0.6 m wide, 3.6 m long, and about 40 cm high. Drainage channels and paths for crop
care were made between the beds. After the beds were formed, goat manure (500 g/plot), SP-36 (5 g/plot), and urea (5
g/plot) were applied as base fertilizers, and the land was left for three days before planting.
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Group I
AD Al A2 A3
KO K2 K3 K2
Kl K0 K0 K3
K2 Kl Kl KO
K3 K3 K2 Kl
Group II
Al A3 A0 A2
K1 K3 K2 KO0
K3 K2 KO K2
Ko K1 Kl K3
K2 K0 K3 Kl
Group III
A3 A2 Al A0
K3 K2 K1 KO
Kl KI K0 K3
K2 Ko K2 Kl
KO K3 K3 K2

Figure 1. Experimental layout

2.4.1. Planting

Planting was carried out in the morning using the dibble method, where holes about 5 cm deep were made in the soil.
Two seeds were placed in each hole and then covered with a thin layer of soil. Thinning was done at 7 days after
planting (DAP), leaving the best plant in each hole. The planting distance was 25 x 30 cm, with 6 plants per plot,
where 3 plants were used as the main sample, and 3 were reserved as backup plants.

2.4.2. Maintenance

Main irrigation relied on rainwater, but if there was no rain for 7 days and the soil appeared dry, irrigation was done
using river water. Leaf caterpillar attacks were controlled using Relle pesticide by spraying. Mounding was carried out
at 30 DAP (after flowering) and again at 45 DAP.

2.4.3. Application of KCl

KCl was applied at doses of 0 kg/ha, 50 kg/ha, 75 kg/ha, and 100 kg/ha in three stages: 25% of the total dose was
applied at 10 DAP, another 25% at 25 DAP, and the remaining 50% at 40 DAP by drilling a hole 3 cm away from the
stem and covering the fertilizer with a thin layer of soil.

2.4.4. Application of Humic Acid
Humic acid was applied at doses of 0 kg/ha, 10 kg/ha, 20 kg/ha, and 30 kg/ha by dissolving each dose in 1 liter of

water, which was then poured around the plants. Humic acid was applied twice, with equal doses: the first application
at 10 DAP and the second at 25 DAP.
2.4.5. Harvesting

Harvesting was done at 85 DAP or when the plants showed physiological signs of being ready for harvest. Harvesting
was done manually, and the peanut pods were cleaned of soil before separating the pods from the rest of the plant.
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2.4.6. Observation Parameters

In this study, the parameters observed to support the yield and the peanut yield itself included: the number of non-
productive gynophores, the number of pods, yield (pod weight per plant, pod weight per plot, seed weight per plant,
and seed weight per plot), and the weight of 100 randomly selected seeds from the 3 sample plants.

3. RESULTS AND DISCUSSION
3.1. Number of Non-Productive Gynophores

Non-productive gynophores are gynophores that fail to form pods. The variance analysis of the number of non-
productive gynophores showed a significant interaction between KCl fertilizer and humic acid doses in peanut plants.
The average number of non-productive gynophores for each combination of KCI and humic acid doses, after the 5%
HSD test, is presented in Table 1.

The interaction between KCI fertilizer and humic acid doses affected the non-productive gynophore variable. The
highest number of non-productive gynophores was found in the KOA2 (KCI 0 kg/ha and humic acid 20 kg/ha)
interaction with 137 gynophores, followed by K2A1 (KCI 75 kg/ha and humic acid 10 kg/ha) with 135.57 gynophores,
and K2A3 (KCl1 100 kg/ha and humic acid 30 kg/ha) with 131.78 gynophores. These were not significantly different
from K3A1 (KCI 100 kg/ha and humic acid 10 kg/ha), which had 120 non-productive gynophores.

Table 1. Average number of non-productive gynophores in peanut plants based on KCl and humic acid treatments

Humic acid dose

KCl dose

A0l Al A2 A3
KO 123.33 ef 62.43 a 137 f 80.78 b
K1 89.67 be 78.78 ab 109.89 de 83.11b
K2 111.67 de 135.57 f 86.57 be 131.78 £
K3 82 b 120 ef 100 cd 109.11 de
HSD 5% 52.35

Note: Numbers with the same letters indicate no significant difference based on the 5% HSD test; ns = not significant.

The formation of non-productive gynophores is caused by several factors, namely: (1) the number of non-
productive gynophores formed is influenced by nutrient availability. This is because when macro-nutrients in
compound fertilizers form the right composition to support the development of vegetative organs, it also supports the
formation of other generative organs (Gulo ef al., 2022); (2) the inability of the gynophore to form pods due to the
distance being too far from the soil, making it unable to penetrate the soil surface. This is in line with Hidayat &
Suwitono (2018), who stated that the process of pod formation would be easier when the gynophore is not too far from
the soil surface; (3) the plant growth phase during the flowering stage is not simultaneous, resulting in late-blooming
flowers causing a slight delay in the entry of the gynophore into the soil (Kasno ez al., 2015).

A high number of non-productive gynophores can increase peanut yield if periodic hilling is done to facilitate the
gynophore tip in the pod formation process and the application of potassium fertilizer as a nutrient supply for pod
formation. Peanuts require potassium nutrients, and the higher the availability of potassium in the soil during the pod-
filling process, the smoother the process will be, and the proportion of gynophores forming pods will increase
(Prayuda et al., 2023).

3.2. Number of Pods

The variance analysis (ANOVA) showed no significant interaction between KCl fertilizer and humic acid doses on the
number of pods per peanut plant. Similarly, individual doses of KCl and humic acid had no significant effect on the
number of pods per plant. The average number of pods per plant based on KCl and humic acid dose combinations is
presented in Table 2. The application of KCI fertilizer at doses ranging from 0 kg/ha to 100 kg/ha and humic acid at
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doses ranging from 0 kg/ha to 30 kg/ha did not yield significant differences in the number of pods per peanut plant.
The highest number of pods was observed at a KCI dose of 100 kg/ha, but it was not significantly different from other
doses. Similarly, the highest number of pods for humic acid was found at 20 kg/ha, but this was not significantly
different from other doses.

Table 2. Effect of KCI and humic acid treatments on the average number of pods in peanut

KCIl treatment Number of pods Humic acid treatment Number of pods
KO 44.47 A0 44.55
K1 38.61 Al 42.05
K2 47.08 A2 46.63
K3 48.00 A3 4491
HSD 5% ns HSD 5% ns

The study by Sugianto et al. (2022) on black soybeans using KCI doses of 65 kg/ha, 85 kg/ha, and 105 kg/ha also
showed no significant response, with the highest pod number found at 65 kg/ha (78.80 pods). Bekti Indra ef al. (2019)
found that 15 1/ha of humic acid was the most effective dose for increasing the number of peanut pods, compared to 0
1/ha, 30 1/ha, and 40 I/ha. The differences in humic acid effectiveness between studies may be due to variations in soil
quality, the type of humic acid used, the tested doses, and plant responses. Humic acid functions as a supplement to
fertilization and a soil conditioner. If the soil in the research location is already optimal, humic acid may not have a
significant independent effect.

3.3. Yield

No interaction was found between the KCl and humic acid treatments on yield parameters. However, the individual
application of KCl had a significant effect on dry pod weight per plant, dry seed weight per plant, and dry seed weight
per plot, but not on dry pod weight per plot. Humic acid, as a single treatment, had no significant effect on yield
parameters. The yield parameters are presented in Table 3. The treatment of KCl doses affected the plant yield
parameters, namely pod weight per plant, seed weight per plant, and seed weight per plot. The parameter of pod
weight per plot was the only yield parameter that did not show a significant difference with KCl fertilization and was
inversely proportional to the seed weight per plot parameter. This may be due to differences in the number of pods and
pod sizes formed between plots, the comparison of seed weights between plots, and the comparison of seed quality
formed between plots.

Table 3. Peanut yield (gam dry pod per plant) under KCI and humic acid treatments

Treatment g dry pod per plant g dry pod per plot g dry seed per plant g dry seed per plot
KO0 32.72 ab 204.31 22.28 ab 120.17 a
K1 3149 a 200.47 2la 123.46 ab
K2 39.46 b 225.72 27.72b 144.30 ab
K3 38.44 ab 236.31 26.21 ab 14743 b
HSD 5% 7.54 ns 5.88 25.74
A0 36.89 223.56 25.86 136.81
Al 33.13 202.67 22.60 123.86
A2 35.93 216.26 24.28 133.11
A3 36.16 22432 25.16 141.58
HSD 5% ns ns ns ns

Note: Numbers with the same letters indicate no significant difference based on the 5% HSD test; ns = not significant.

The application of potassium fertilizer is related to the increased supply of K* ions, which affects the balance and
availability of nutrients in the soil. Potassium is an essential nutrient required for the seed formation process, and
potassium, in collaboration with phosphorus, functions as a regulator of the plant's metabolic mechanisms (Siregar et
al., 2021). Based on the research, a KCl fertilizer dose of 75 kg/ha provided the best results for pod weight per plant
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(39.46 grams) and seed weight per plant (27.72 grams). These results are consistent with Ali ef al. (2019), where the
application of 75 kg/ha potassium on corn plants resulted in the best outcomes for plant height and grain yield (kernel
weight per cob, thousand kernel weight, total kernel weight, and harvest index). Potassium doses exceeding 75 kg/ha
showed a slight decrease in corn yields. Another study conducted by Karimuna & Amin (2014) showed that the
application of 75 kg/ha KCl fertilizer combined with 2.5 tons/ha of straw in rice plants resulted in the best yield for
harvested dry grain.

The seed weight per plot parameter showed that a KCl fertilizer dose of 100 kg/ha provided the best result with a
seed weight of 147.43 g. This research is consistent with Arini ef al. (2022), who reported that applying potassium
fertilizer at a dose of 100 kg/ha produced the best seed weight per plot in mung beans. Another study by Maryani
(2021) showed that applying 100 kg/ha potassium fertilizer resulted in significantly higher fresh and dry biomass per
plant in sweet corn compared to the 50 kg/ha KCl dose.

Higher KCI fertilization does not guarantee better responses or higher yields in plants. According to Nuryani ef al.
(2019), increasing fertilizer doses will not always result in increased crop yields, especially after the fertilization dose
reaches an optimal point. It is suspected that high-dose fertilizer use increases the concentration of nutrient solutions
in the soil, making nutrient absorption by roots more difficult. Optimal plant growth and production occur when
existing supporting factors match the plant's needs, such as nutrients being available in balanced amounts, the
fertilization dose being appropriate, and the necessary nutrients being available for the plants. This results in a
potassium fertilizer dose of 75 kg/ha being more effective than 100 kg/ha for certain parameters.

Another fact shows that potassium often becomes a limiting factor in cultivation because K is highly sensitive to
leaching, especially in tropical regions with high rainfall (Uke ef al., 2015). Moreover, this study was conducted
during the rainy season (January-May), which may have led to higher potassium leaching compared to the dry season.
This could be a limiting factor in potassium fertilization in this study, as the dry weight parameters of pod per plant
and seed per plant at a KCI dose of 50 kg/ha were lower but not significantly different, with a weight difference of less
than 2 g compared to the 0 kg/ha KCI dose.

The results of the study show that the single factor application of humic acid did not significantly affect all yield
parameters (pod weight per plant, pod weight per plot, seed weight per plant, seed weight per plot). Similar results
were also reported by Setyawan & Setyawan (2020), who stated that humic acid alone did not significantly affect the
overall growth and yield parameters of soybean plants. Research by Maibodi ez al. (2015) stated that the fresh and dry
weight of plants, leaf chlorophyll content, and fresh root weight of weeds were not affected by the application of
humic acid.

This is likely because humic acid acts as a supplementary fertilization material, and in this study, other elements
were needed to influence the observed parameters of peanut plants. This statement is supported by Ulfa er al. (2020),
who stated that humic acid can bind available nutrients, making it easier for plant roots to absorb nutrients. Humic
acid can also improve soil properties, leading to increased nutrient uptake by plants, which impacts plant growth and
production. Their research showed that humic acid treatment can optimize NPK uptake in corn plants.

3.4. Weight of 100 Seeds

The analysis of variance (ANOVA) on the observation parameter of the weight of 100 seeds in grams showed a
significant interaction between the doses of KCl fertilizer and humic acid on peanut plants. The weight of 100 peanut
seeds after being tested with HSD 5% is presented in Table 4. The interaction between KCl fertilizer and humic acid
doses responded to the research variable of 100-seed weight. Based on the research, the highest 100-seed weight with
notation "e" was found in the K2A3 interaction (KCl 75 kg/ha and humic acid 30 kg/ha) at 39.47 grams, and K3A2
(KC1 100 kg/ha and humic acid 20 kg/ha) at 38.43 grams, while the lowest average 100-seed weight was found in the
KO0AO interaction (KCI 0 kg/ha and humic acid 0 kg/ha) at 25.2 grams.

The weight of 100 seeds is an indication of the quality of the harvest produced by the plant; the larger the 100-seed
weight value, the higher the harvest quality. Potassium is absorbed in the form of K" ions and moves freely within the
plant (Hendrival et al., 2014). Potassium positively influences crop yields and quality because it plays a role in
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carbohydrate and protein formation. This aligns with Wibowo ef al., (2020), who stated that potassium functions for
plants in carbohydrate formation and mobilization, protein synthesis catalysis, increasing carbohydrate and sugar
levels, and enhancing fruit quality in terms of shape, content, and color. Therefore, a deficiency in potassium during
seed formation can reduce the quality of peanut seeds in terms of shape, weight, and size.

Table 4. Weight of 100 peanut seeds for the combination of KCl fertilizer and humic acid treatments

Treatment Humic Acid
KCl1 A0 Al A A3
KO 252 a 29.27b 26.87 a 29.97 be
K1 29.33 be 29.33b 29.8 bc 32.87d
K2 29.9 bc 29.8 bc 29.67 be 3947 ¢
K3 31.37 bed 31.73 cd 3843 ¢ 31.4 bed
HSD 5% 7.26

Note: Numbers with the same letter indicate results that are not significantly different in the HSD 5% test; ns = not significant.

According to Mukhlisin & Rohmaiyah (2023), humic acid optimizes the plant's absorption of nutrients like K, P,
Cu, Mg, Zn, and Na, making it useful for optimizing fertilization. The use of 30 kg/ha of humic acid increases the 100-
seed weight of peanuts when interacting with KCl at 75 kg/ha, and 20 kg/ha of humic acid optimizes the 100-seed
weight of peanuts when interacting with KCl at 100 kg/ha. The KOAO combination (KCl 0 kg/ha and humic acid 0
kg/ha) produced the lowest 100-seed weight, likely due to the limited potassium supply as a protein catalyst.

4. CONCLUSION

The conclusion of this research is that the single treatment of KCl fertilization dose affects the dry weight of peanut
pods per plant, with the 75 kg/ha dose yielding the best weight of 39.46 grams. The dry seed weight per plant was best
at 27.72 grams with the 75 kg/ha dose, and the dry seed weight per plot was best at 147.43 grams with the 100 kg/ha
dose, showing significantly different results. The single treatment of humic acid application did not significantly affect
all peanut crop production parameters. The interaction of KCl fertilizer and humic acid doses significantly affected the
number of non-productive gynophores, with the KCI 0 kg/ha and humic acid 20 kg/ha combination producing 137
sterile gynophores. The best 100-seed weight was found in the KCI 75 kg/ha and humic acid 30 kg/ha combination, at
39.47 grams. Future research should consider changing the humic acid selection to a liquid type and combining it with
other types of potassium fertilizers for comparative research results.
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