Available at : https://ejournal.unib.ac.id/index.php/terrajournal ISSN 2621-0207

DOI : https://doi.org/10.31186/terra.8.2.105-113

TERRA

Effect of Different Concentration of Liquid Organic Fertilizer and Varieties on
The Growth and Yield of Red Chili (Capsicum annuum L.) in Sandy Soil

Andre Setiyawan', Sri Devi Octavia®

'Department of Agrotechnology, Faculty of Agriculture, Universitas Tamansiswa Palembang, Indonesia
*Department of Agronomy, Faculty of Agriculture, Universitas Sam Ratulangi, Indonesia

Corresponding Author :  sdevioctavia@unsrat.ac.id

ABSTRACT

Sandy soils, characterized by high sand content (often exceeding 70-90%), exhibit low nutrient retention, poor water-
holding capacity, and reduced cation exchange due to their coarse texture and low organic matter. These properties
pose significant challenges for red chili (Capsicum annuum L.) cultivation, often resulting in suboptimal growth and
yield without amendments. This study aimed to evaluate the effects of varying concentrations of liquid organic
fertilizer derived from vinasse and different red chili varieties on the growth and yield of red chili plants in such
challenging soil conditions. The experiment was conducted in a greenhouse at the Faculty of Agriculture, Sarjanawiya
Tamansiswa University, Yogyakarta. A 3 *x 2 factorial design arranged in a Completely Randomized Design (CRD)
with four replications was employed. The first factor consisted of liquid organic fertilizer concentrations at 5%, 6%,
and 7%, while the second factor included two red chili varieties: F1 Gada and Prabu. Growth parameters measured
were plant height, number of leaves, stem diameter, and number of branches. Yield components included fresh and dry
plant weight, number of fruits, and fresh fruit weight. The results indicated no significant interaction between fertilizer
concentration and chili variety on growth and yield parameters. However, the F1 Gada variety exhibited significantly
greater fresh plant weight and number of fruits compared to Prabu. These findings suggest that selecting appropriate
chili varieties, such as F1 Gada, combined with optimal liquid organic fertilizer concentration, can improve red chili
production in sandy soils. This information is valuable for farmers and agricultural practitioners aiming to enhance

cultivation efficiency and yield within sustainable farming systems.
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INTRODUCTION

Red chili (Capsicum annuum L.) is one of
the most widely consumed vegetable commodities
in Indonesia. Its popularity is attributed not only to
its characteristic pungency, derived from the alkaloid
capsaicin, but also to its nutritional value, including
vitamins C, B1, B2, and essential minerals such as
calcium and phosphorus (Agustina et al., 2014;
Alsebaeai et al., 2020). In 2023, the average per
capita consumption of red chili in Indonesia
reached approximately 3,000 g per year. With the
national population projected to reach 284 million
in 2025, the annual demand for red chili is estimated
at 850,000 tons (BPS, 2024). This increasing demand
is expected to continue as population growth and
agro-industrial development progress.

To meet the rising demand, various technolo-
gical innovations have been introduced to improve
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chili production, particularly the use of organic fer-
tilizers and the cultivation of high-yielding varieties.
As cultivated areas expand, fertilizer use becomes
increasingly intensive. Although chemical fertilizers
can rapidly enhance plant growth and yield, their pro-
longed use may degrade soil quality. In contrast, or-
ganic fertilizers support long-term soil health. They
improve soil structure, increase humus content, enhance
microbial activity, promote water retention, reduce
erosion and nitrogen leaching, and improve cation
exchange capacity (Verma et al., 2019; Yan et al.,
2021; Zhang et al., 2024; Luo et al., 2022; Samputri
et al., 2023). Thus, integrating organic fertilization
practices is a promising approach for sustaining soil
fertility and ensuring long-term agricultural pro-
ductivity.

Organic fertilizers are generally available in solid
and liquid forms. Liquid organic fertilizers, derived
from the decomposition of plant residues and animal
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or human wastes, are known for their relatively high
nutrient availability (Suhastyo, 2019; Rohcahyani et
al., 2025). In this study, the liquid organic fertilizer
used was vinasse, which had undergone a composting
process prior to application. Vinasse is a residual by-
product generated during ethanol production from
sugarcane and sugar beet. It is characterized by a
dark coloration, acidic pH, high electrical conductivity,
and elevated organic matter content. In addition, vi-
nasse contains substantial amounts of suspended and
volatile solids and may also contain trace concen-
trations of heavy metals (Wulandari er al., 2023;
Carrilho & Soares, 2024). Potassium (K) is the domi-
nant mineral in vinasse, ranging from 6.36% to 7.2%
per 100 g, exceeding other minerals such as sodium
(1.58-1.84%) and phosphorus (0.24-0.28%). Vinasse
also provides a range of macroelements (K, Ca, Mg,
P, and N) and microelements such as Fe, Zn, Mn,
Cu, Pb, and Al (Scull et al., 2012; Lourencgo et al.,
2022).

Beyond nutrient management, the selection of
suitable varieties is equally crucial for improving
chili production. Varietal selection is a central com-
ponent of cultivation technology, influencing growth
performance, yield potential, and economic returns.
Each variety carries distinct genetic characteristics
that determine its adaptability to environmental con-
ditions, growth capacity, and productivity. Superior
varieties can significantly enhance crop yield and
overall quality (Aryawati et al., 2021).

Given the importance of both nutrient inputs
and genetic factors, this study aimed to evaluate the
effects of vinasse-based liquid organic fertilizer and
different chili varieties under greenhouse conditions.
Specifically, the research assessed how varying con-
centrations of vinasse and the choice of variety in-
fluence the growth and yield of red chili plants
(Capsicum annuum L.).

MATERIALS AND METHODS

This research was carried out from November
2021 to February 2022 in the greenhouse of the
Faculty of Agriculture, Sarjanawiyata Tamansiswa
University, Yogyakarta. The materials used included
seeds of two red chili varieties (Gada F1 and Prabu),
liquid organic fertilizer derived primarily from vinasse
and enriched with gamal leaves, and a planting
medium composed of charcoal husks, sand, and com-
post. The tools employed consisted of polybags, a
hoe, ruler, shovel, measuring cup, bucket, writing ins-
truments, camera, scale, caliper, and an oven.

The study was arranged using a 3 x 2 factorial
experiment within a Completely Randomized Design
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(CRD), with four replications. The first factor was the
concentration of liquid organic fertilizer, consisting of
three levels: 5% (B;), 6% (B,), and 7% (Bs3). The
second factor was the red chili variety, comprising
Gada F1 (V) and Prabu (V,). The six treatment
combinations were as follows: B,V (5% fertilizer +
Gada F1), B{V, (5% fertilizer + Prabu), B,V (6%
fertilizer + Gada F1), B,V, (6% fertilizer + Prabu),
B3Vy (7% fertilizer + Gada F1), and B3V, (7%
fertilizer + Prabu).

The planting medium was prepared by mixing
sand, charcoal husks, and compost in a 1:1:1 ratio,
which was then placed into polybags measuring 40
cm X 40 cm. Liquid organic fertilizer was diluted
according to the treatment levels: 5% (50 mL per
1000 mL of water), 6% (60 mL per 1000 mL of
water), and 7% (70 mL per 1000 mL of water). Each
plant received 55 ml of the diluted solution every
four days.

Observations included plant height, number of
leaves, stem diameter, number of branches, fresh and
dry plant weight, number of fruits, and fruit fresh
weight. Data were analyzed using Analysis of Variance
(ANOVA) at a significance level of o = 0.05. When
significant differences were found, Duncan’s Multiple
Range Test (DMRT) was applied to compare treatment
means.

RESULTS AND DISCUSSION

The results showed that there was no interac-
tion between the treatment of liquid organic fertilizer
concentration made from vinasse and varieties on the
variables of plant height, number of leaves, stem di-
ameter, number of branches, number of fruits per
plant, fresh weight of fruits per plant, fresh weight of
plants, and dry weight of plants on red chili plants.
The doses of liquid fertilizer are 5%, 6%, and 7% per
liter of water, and the varieties of chili are Gada F1
and Prabu.,

Table 1 indicates that there is no significant in-
teraction between the concentrations of liquid organic
fertilizer derived from vinasse and the varieties of red
chili plants concerning plant height. The application
of liquid organic fertilizer at concentrations of 5%,
6%, and 7% did not result in significant differences
in plant height. This outcome is likely attributable to
the limited availability of nutrients in vinasse-based
liquid organic fertilizer. Essential macronutrients such
as nitrogen (approximately 4.5%), phosphorus (around
0.3% as P.0s), and potassium (about 6% as K-O) are
present but may be in insufficient quantities to
promote optimal plant growth.
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Table 1. Mean plant height (cm) at 45 days for different
concentrations and varieties

Variety

Concentration Mean
Vi (Gada F1) V, (Prabu)

Ky (5%) 34.09 23.04 28.56 a

K, (6%) 29.13 28.19 28.66 a

K; (7%) 21.97 25.33 23.65a

Mean 28.40 p 2552p  26.86(-)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with o 5% (n = 3)

Deficiencies in these macronutrients can impede
plant growth and development by disrupting cell for-
mation, reducing photosynthesis, and slowing both ve-
getative and reproductive phases. Nitrogen plays a
critical role in the synthesis of nucleic acids, enzymes,
proteins, and chlorophyll, all of which are crucial during
vegeta-tive growth and development (Shrivastaav et al.,
2020; Shah ef al., 2024; Chrysargyris & Tzortzakis,
2025). Potassium is involved in starch synthesis, enzyme
activation, regulation of physiological processes, and
enhancement of resistance to drought stress and diseases
(Hasanuzzaman et al., 2018; Sardans & Peiiuelas,
2021). According to Sinha & Tandon (2020) and
Tariq et al. (2023), low availability of nitrogen and
phosphorus in the soil results in reduced growth rates
and stunted plants.

Furthermore, no significant differences in plant
height were observed between the Gada F1 and Prabu
varieties, which likely reflects genetic factors affecting
their adaptability to environmental conditions and inhe-
rent growth

Table 2 reveals no significant interaction bet-
ween concentrations of liquid organic fertilizer derived
from vinasse and red chili varieties with respect to
the number of leaves. Application of this fertilizer
at 5%, 6%, and 7% concentrations yielded no
statistically significant differences in leaf number.
This result likely stems from the limited availability
of essential macronutrients—nitrogen (approximately
2.87%), phosphorus (0.33%), and potassium (0.35%)
particularly during early vegetative stages, as vinasse-
based formulations often provide these in sub-
optimal quantities.

TERRA,8(2), 105-113 (2025)

Table 2. Mean of number of leaves 45 days after plant-
ing

Concentration Variety Mean
Vi (Gada F1) V, (Prabu)

K (5%) 18.08 14.08 16.08 a

K, (6%) 14.50 17.91 16.20 a

K3 (7%) 10.83 16.91 13.87a

Mean 1447 p 16.30 p 15.38 (-)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significance with a 5% (n = 3)

Nitrogen is essential for leaf development, fa-
cilitating chlorophyll, protein, and lipid synthesis
critical for photosynthesis and overall growth (Wibowo,
2021). Inadequate nutrient supply constrains chloro-
phyll formation, thereby diminishing photosynthetic
capacity and restricting vegetative expansion. No sig-
nificant differences in leaf number occurred between
Gada F1 and Prabu varieties, attributable to genetic
variability influencing phenotypic traits like leaf pro-
duction, consistent with findings that varietal charac-
teristics markedly affect leaf number and yield potential
(Yulina et al., 2021).

Table 3 demonstrates no significant inter-action
between the concentrations of liquid organic fertilizer
derived from vinasse and the red chili varieties tested
in terms of stem diameter measured 45 days after
planting. The application of liquid organic fertilizer at
5%, 6%, and 7% concentrations did not result in a
statistically significant increase in stem diameter. This
suggests that the nutrient levels available, particularly
phosphorus, in the fertilizer were insufficient to
trigger a physiological response necessary for stem
thickening.

Phosphorus is essential for plant tissue deve-
lopment, especially for stem growth, by supporting
protein synthesis required for cell division and
formation critical processes in increasing stem
diameter. Phosphorus also plays a vital role in energy
transfer through ATP synthesis, strengthening stalks
and stems, and promoting root development, which
enhances overall plant vigor (Raghothama, 1999; Vance
et al., 2003; Lynch, 2011). Studies have reported that
phosphorus facilitates stem growth by promoting cell
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division, and higher fertilizer concentrations could
be necessary to stimulate significant stem dia-meter
increases in red chili plants (Yulina et al., 2021).

Furthermore, no significant difference in stem
diameter was observed between the Gada F1 and
Prabu varieties, indicating a similar genetic poten-
tial for stem thickness under the tested conditions.
This finding suggests that varietal differences in
stem diameter may be minimal in this experimental
context. This synthesis integrates the nutrient limita-
tion hypothesis with phosphorus's recognized phy-
siological roles to explain the observed lack of sig-
nificant stem diameter response.

Table 3. Mean of stem diameter (mm) at 45 days after
planting for different concentrations and varieties

Concentration Variety Mean
V, (Gada F1) V, (Prabu)

K (5%) 0.48 0.35 042 a

K, (6%) 0.40 0.40 0.40 a

K; (7%) 0.32 0.40 0.36 a

Mean 0.40p 0.38p 0.39 ()

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with a 5% (n = 3)

Table 4 shows that there was no significant
interaction between the concentrations of liquid
organic fertilizer derived from vinasse and the red
chili varieties tested. The absence of a significant
effect is primarily attributed to the relatively low
macronutrient content particularly nitrogen (N),
phosphorus (P), and potassium (K)—in the liquid
organic fertilizer formulation. This finding aligns with
the results of Arrodli et al. (2011), who reported that
vinasse did not significantly affect the vegetative
phase of sugarcane but mainly improved soil phy-
sical properties. Vinasse enhances soil health by in-
creasing water retention, adding organic carbon, and
facilitating nutrient uptake by plants (Zikeli et al.,
2017; da Silva et al., 2021; Friedrichsen et al., 2021,
Jia et al., 2021). Furthermore, vinasse improves soil
structure by increasing porosity and promoting the
growth and activity of beneficial soil microorga-
nisms (Hossain et al., 2016; Nathaniel et al., 2020;
Garbowski et al., 2023).

The Gada F1 variety exhibited a significantly
higher fresh plant weight (5.33 g) compared to the
Prabu variety (2.52 g). This difference is attributed
to genetic factors influencing branching, with the
Gada F1 variety possessing superior genetic traits for
vegetative growth that result in increased branching.
In conclusion, although vinasse-based liquid organic
fertilizer may not supply sufficient macronutrients to
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directly enhance biomass accumulation, it plays a
vital role in improving soil health and indirectly sup-
porting plant growth. Genetic variation among varie-
ties substantially affects morphological traits such as
branch number and fresh weight. Therefore, opti-
mizing red chili production requires both balancing
fertilizer nutrient content and selecting superior
genotypes.

Table 4. Mean of number of branches for different con-
centrations and varieties

. Variety
Concentration Mean
Vi (GadaFl) V, (Prabu)
K (5%) 4.83 291 3.87a
K, (6%) 5.75 2.50 4.12 a
K5 (7%) 5.41 2.16 3.79 a
Mean 533p 2.52q 393 (-)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with a 5% (n = 3)

Table 5 indicates no significant interaction bet-
ween the concentration of vinasse-based liquid organic
fertilizer and the red chili varieties tested. The
application of liquid organic fertilizer at 5%, 6%,
and 7% concentrations did not produce statistically
significant differences in fresh plant weight. This
outcome likely results from the limited nutrient availa-
bility in vinasse-based fertilizer, where essential ma-
cronutrients such as nitrogen (approximately 4.5%),
phosphorus (around 0.3% as P.Os), and potassium
(about 6% as K:0) are present but insufficient to
support optimal biomass accumulation.

The lack of effect is probably due to an imba-
lance of nutrients within the vinasse formulation. Ade-
quate nutrient uptake by roots is crucial for increasing
fresh plant weight, as fresh weight primarily reflects
the accumulation of photosynthates produced via
photosynthesis in the leaves (Marta et al., 2023).
Nitrogen availability and leaf quantity are particu-
larly important, given nitrogen’s role as a key com-
ponent of cells and water storage organs such as leaves;
insufficient nitrogen commonly reduces fresh weight.
Additionally, potassium and phosphorus are vital for
plant growth and development; deficiencies impair
overall growth, disrupt translocation of photosynthetic
products, reduce water use efficiency, and thereby
inhibit cell expansion and water accumulation in
tissues, resulting in smaller biomass and plant size
(Singh et al., 2021; Thornburg et al., 2020; Yusuf et
al., 2023). Both macro- and micronutrients are
essential for optimal growth, emphasizing the need
for balanced fertilizer formulations tailored to plant
nutrient requirements (Atika et al., 2018; Alhasan &
Al-Ameri, 2021; Xing et al., 2023).
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Among the varieties, the Gada F1 showed a
significantly higher fresh plant weight (62.75 g) than
the Prabu variety (48.64 g). This difference is
attributed to genetic factors that contribute to a more
developed root system in Gada F1, facilitating more
efficient water and nutrient absorption from the soil.
Matatula et al. (2022) support this observation, noting
that genetic variation among varieties leads to distinct
phenotypic traits and growth characteristics, each with
inherent advantages.

Table 5. Mean of fresh plant weight (g) for different con-
centrations and varieties

derived from vinasse and the variety. The application
of liquid organic fertilizer at concentrations of 5%,
6%, and 7% did not produce a significant difference.

Table 6. Mean of dry weight (g) for different concentra-
tions and varieties

. Variety
Concentration Mean
V; (Gada F1) V, (Prabu)
K, (5%) 75.37 50.17 28.56a
K, (6%) 56.90 48.77 28.66 a
K;5 (7%) 56.00 46.97 23.65a
Mean 62.75p 48.64q  26.96 (-)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with a 5% (n = 3)

Table 6 shows that there was no significant
interaction between the concentration of liquid or-
ganic fertilizer derived from vinasse and the red
chili plant varieties tested. Furthermore, the applica-
tion of liquid organic fertilizer at concentrations of
5%, 6%, and 7% did not produce statistically signifi-
cant differences in the measured parameters. The
absence of a significant effect on chili fruit weight
may be attributed to the relatively low dosage of the
vinasse-based liquid organic fertilizer used in this
study. This aligns with the findings of
(Pangaribuan et al., 2022), who explained that in-
sufficient nutrient supply often limits plant growth
and development, preventing optimal performance.
Regarding varietal differences, the dry weight of
plants did not differ significantly between the Gada
F1 and Prabu varieties. This suggests that the genet-
ic potential of both varieties for biomass accumula-
tion is relatively similar. Despite observed morpho-
logical or vegetative differences, these variations did
not translate into significant differences in dry mat-
ter accumulation. (Hosseini et al., 2021) noted that
such genetic differences are reflected in distinct phe-
notypic traits and growth characteristics, with each
variety exhibiting its own strengths.

In Table 7, no interaction was observed between
the treatment of liquid organic fertilizer concentration
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) Variety
Concentration V, (Gada F1) V, (Prabu) Mean
K (5%) 21,6 18,02 19,83 a
K, (6%) 17,05 16,02 16,53 a
K5 (7%) 19,32 18,3 18,81 a
Mean 19.34p 17,45 p 18,39 (-)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with o 5% (n = 3)

This suggests that the liquid organic fertilizer
does not yet satisfy the nutrient requirements of chili
plants during the fruit formation phase. This is likely
attributable to the limited nutrient availability in
vinasse-based liquid organic fertilizer, where essential
macronutrients such as nitrogen (approximately 4.5%),
phosphorus (approximately 0.3% as P.Os), and po-
tassium (approximately 6% as K2O) are present but
may not be sufficient to support optimal plant growth.
Fruit production is expected to increase when plants
receive adequate nutrients, as these nutrients facili-
tate growth and development during the generative
phase, thereby enhancing fruit yield. Consistent with
Tangahu et al. (2022), sufficient nutrient supply is a
critical factor influencing the quality of plant growth
and development, whereas nutrient deficiencies lead
to stunted or suboptimal growth and yield. Addi-
tionally, the results revealed no significant difference
in fruit number between varieties, likely due to

Table 7. Mean of number of fruit and fresh weight of
fruit (g) for different concentrations and varieties

Number of  Fresh weight of

Consentration fruit fruit
K, (5%) 3.08a 1741 a
Ka (6%) 283 a 1630 a
Ks (7%) 2.66 a 15.14 a
Varieties

V. (Gada F1) 3.05p 17.64 p
V, (Prabu) 2.66 p 14.92 q

() ©)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with a0 5% (n = 3)

109



Setyawan, Octavia

Table 8 demonstrates that there is no inter-
action between the concentration of liquid organic
fertilizer derived from vinasse and the different chili
varieties. Application of liquid organic fertilizer at
concentrations of 5%, 6%, and 7% did not produce a
significant effect. The absence of a significant effect of
vinasse-based liquid organic fertilizer on chili fruit
weight may be attributed to the low nutrient content
of the fertilizer. The fresh weight of red chili fruit is
predominantly determined by the nutrient balance
received by the plant. When the nutrient compo-
sition supplied through vinasse is imbalanced, plants
do not obtain adequate nutrition and thus cannot
significantly increase fruit weight.

According to Topan et al. (2017), sufficient
nutrient availability during growth facilitates plant
metabolism, enhancing processes such as elongation,
division, and cell differentiation, which in turn increase
fruit size. Furthermore, Setiyawan et al. (2024) re-
ported that major nutrients nitrogen, phosphorus,
and potassium play critical roles during the gene-
rative phase of plants. Nitrogen is essential for syn-
thesizing carbohydrates, proteins, fats, and various
organic compounds. Phosphorus significantly contri-
butes to the formation of reproductive organs, in-
cluding flowers and fruits. Potassium supports mul-
tiple physiological processes, such as enzyme activa-
tion, photosynthesis, and water regulation in plants.
The synergistic action of these macronutrients ma-
ximizes plant growth and yield.

The Gaada F1 variety exhibited a higher fresh
fruit weight, measuring 17.64 g, which was signifi-
cantly greater than that of the Prabu variety, at 14.92 g.
In this study, variation in fruit weight among plants
was influenced by genetic factors, as each variety
possesses distinct characteristics. Pesireron et al. (2020)
noted that differences in plant growth can result
from genetic variability and the differing capacities
of plants to adapt to their environmental conditions.

Table 8. Mean of fresh weight of fruit (g) for different
concentrations and varieties

. Variety
Concentration Mean
V,(Gada F1) V, (Prabu)
K (5%) 19.01 15.80 1741 a
K, (6%) 17.22 15.39 16.30 a
K; (7%) 16.70 13.57 15.14 a
Mean 17.64 p 1492 q 16.28 (-)

Note : (-) = not interaction; the number followed by the same
letter on the same row or column has no significant difference
based on DMRT test with significant with o 5% (n = 3)

CONCLUSION

The results of the study indicate that there is
no interaction between the treatments combining
liquid organic fertilizer derived from vinasse and red
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chili varieties. Application of liquid organic fertilizer
at concentrations of 5%, 6%, and 7% did not sig-
nificantly affect growth and yield variables. Regarding
varietal differences, the Gada F1 variety exhibited
significantly higher values than the Prabu variety for
the number of branches, fresh plant weight, and fresh
fruit weight. The limited efficacy of vinasse-based
liquid organic fertilizer at the tested concentrations
may be attributed to nutrient imbalances or low bio-
availability of essential elements such as nitrogen, po-
tassium, and phosphorus. Consequently, to optimize
growth and yield, it is recommended that future re-
search investigate higher concentrations of vinasse-
based liquid organic fertilizer. Increased concentrations
may provide a more sufficient nutrient supply to
satisfy the physiological requirements of chili plants.
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