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Article Info Abstract

Basil is a plant that can be cultivated in Psamment (coastal sandy soil). Basil requires
nitrogen (N) and sulfur (S), so the N-S balance is needed to obtain optimal results.
Psamment contains low colloid, causing nutrients to be barely bound and easily lost.
Zeolite and biochar can be a solution. This study aimed to determine the composition
and frequency of fertilization, as well as the use of soil amendment for basil growth.
This research consisted of two interrelated studies arranged in a Randomized Complete
Block Design. The research was conducted in Bugel, Panjatan, Kulon Progo, and the
analysis was performed at the Soil Department Laboratory, Faculty of Agriculture,
Universitas Gadjah Mada. The first study consisted of two factors, namely Urea-ZA
composition (0:0, 60:40, 70:30, 80:20, 90:10, and 100:0) and frequency of fertilization
(every 1 and 2 weeks). The application of Urea-ZA (80:20) gave the best fresh-dry
weight, N-S content, and N-S uptake of basil, and this result was used as the reference
for the second study. The second study consisted of two factors, namely Urea-ZA
fertilizer doses (50%, 75%, and 100%), and types and doses of soil amendment (without
amendment, zeolite 7.5 t/ha, zeolite 15 t/ha; biochar 7.5 t/ha, and biochar 15 t/ha). It
can be concluded that soil amendments application improved the chemical properties
of psamment, fresh-dry weight, N-S content, and N-S uptake of basil. Furthermore,
biochar and zeolite could increase the effectiveness of fertilization, so the dose of
Urea-ZA fertilizer could be reduced until 50%.
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INTRODUCTION

Basil is widely used in medicine, culinary, and
perfumery purposes all over the world (Juskevicien'e
et al., 2022). Basil belongs to the Lamiaceae family
with leaves containing essential oils (Vilanova et al.,
2018). Nitrogen (N) fertilization is needed to increase
growth and yield of basil. Nitrogen fertilization has
been reported to increase essential oil content in basil
(Cirileo et al., 2022). Alhasan et al. (2020) reported
that N uptake and biomass production of basil could
be improved by the addition of N fertilizer. Besides,
nitrogen deficiency causes stunted plant growth related

to N assimilation (Larimi et al., 2014). Urea, as the
source of nitrogen, becomes the most used fertilizer
in the world (Otto et al., 2023) because it contains high
N (46% N) of all solid nitrogenous fertilizers (Wang
et al., 2020). Urea can be applied alone, or it can be
easily mixed with the other fertilizers (Chen et al.,
2023). Ammonium sulfate is a nitrogen fertilizer that
contains sulfur (21%) (Berhe et al., 2019).

Elwan and Elhamahmy (2015) reported that
combination of Urea-ZA fertilizers had a positive
interaction effect on plant growth. Urea-ZA fertilizers
contain N nutrient needed for plant growth and
photosynthesis. Besides, sulfur is an essential
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macronutrient. Not only being a part of protein in the
methionine and cysteine amino acids component, sulfur
can also enhance the production of basil because it has
major function in the synthesis of proteins (Ngezimana
and Agenbag, 2015). Similar to canola, which produces
essential oils, basil yields were maximized with N dan
S fertilization (Ngezimana and Agenbag, 2014a). The
best N:S ratio that increased nutrient uptake and
plant yield was 7:1 (Ngezimana and Agenbag, 2014b).
Basil essential oil contains geranial, linalool, methyl
eugenol, Z-citrial, 3-methylcyclopent-2-enona, ethyl
hexadecanoic acid, ethyl ethyl acid 9-octadechenoic,
ethyl octadecanoic acid, and methyl hexadecanoic
acid (Jimayu, 2021). The concentration of essential
oil showed improvement with the application of S
fertilizer (Renata, 2013).

Basil is one of the leading commodities in Psamment
(coastal sandy soil) Kulon Progo (Anonim, 2021). The
soil type of coastal sandy soil in Yogyakarta is classified
into Typic Udipsamment according to soil taxonomy
system (Soil Survey Staff, 2014). However, for agricultural
production, sandy soils have several of limiting factors.
This land is dominated by sand fraction (do not form
aggregates) together with low organic matter and CEC,
leading to some nutrient easily leached (Minhal et al.,
2020). The soil profile can be decreased subsequently
because the dissolved nutrients are carried by the
percolating water. Some various problems existing
in coastal sandy soil need to be solved to increase
plant growth. In order to solve these problems, soil
amendment is needed. Soil amendment is any material
added to the soil to improve its properties, thereby
supporting plant growth. Acommonly used amendment
is zeolite.

A crystalline substance called zeolite has a structure
characterized by a framework of connected tetrahedral
SiO4 and AlO4 that are surrounded by oxygen anions
(O27). The porous structure of zeolite, which has many
channels and cages as open cavities, enables ions pass
through the channel pores (Moshoeshoe et al., 2017).
This internal surface area makes zeolite a very effective
ion exchanger (Sangeetha and Baskar, 2016). Zeolite
can be used as a material that supports fertilizer to be
released slowly (slow release) by utilizing its surface
area and adsorption capacity (Anwar et al., 2022).
Zeolite deposits are a non-renewable resource (Krol,
2020), so that it can run out over time. Therefore,
materials that have the same capabilities as zeolite
but renewable and more abundant are needed, one
of which is biochar.
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Biochar is a material with a high content of carbon
and produced from forestry and agricultural biomass
residues (Shareef and Zhao, 2016). Biochar can bind
cations such as NH4*, K*, Ca?*, and Mg?* due to its
abundance of negative functional groups on the surface
(Hue, 2020). Biochar addition to the soil can enhance
the plant growth and yield because it can increase
nutrient retention, improve habitat for microorganisms,
improve soil structure, and increase nutrient absorption
by plants (Rawat et al., 2019). The combination of
biochar and inorganic fertilizers can increase the
availability of nutrients in various types of soil. Biochar
reduces nutrient leaching in soil and also increases
nutrient availability for plants (Nurjanah et al., 2022).
Biochar is a recalcitrant carbon and hard to be degraded
(Pariyar et al., 2020).

The effectiveness of fertilization is still considered
necessary because fertilizers have an important role
in increasing basil yield. Understanding fertilizer
composition, fertilization frequency, and soil amendment
is very important to produce high basil yields, especially
in coastal sandy soil. The results of this study help
develop strategies for basil farming in coastal sandy
soil.

MATERIALS AND METHODS

This study was conducted from May to August 2022,
in the coastal sandy soil experimental fields of Bugel,
Panjatan District, Kulon Progo Regency, Yogyakarta.
Plant and soil analyses were carried out in the laboratories
of Department of Soil Science, Faculty of Agriculture,
Universitas Gadjah Mada. This study consisted of
two parts. The first one was arranged in a completely
randomized block design consisting of two factors.
The first factor was Urea-ZA fertilizer composition,
including NO (Urea 0%+ ZA 0%), N1 (Urea 60%+ ZA
40%), N2 (Urea 70%+ ZA 30%), N3 (Urea 80%+ ZA
20%), N4 (Urea 90%+ ZA 10%), and N5 (Urea 100%+
ZA 0%) from the recommendation of 112.5 kg N/ha.
The second factor was frequency of fertilization,
which were every 1 week and every 2 weeks. Each
treatment consisted of 3 replications, resulting in the
total of 36 plots.

The plots dimension was 1.54 m? with plant
spacing of 30 x 30 cm in each plot. Basil seedlings
were transplanted at the age of 3 weeks after sowing.
Two tons of quail manure was used as a basic fertilizer
applied before planting by scattering appropriate
amounts evenly over the soil surface. SP-36 (100
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kg/ha) and KCl fertilizer (100 kg/ha) was given 7 days
after planting (1 week after planting). Soil samples
and plant tissues were collected from each plot at
harvest (42 days after planting).

From the first study, the best treatment result was
selected to be used as a reference for treatment in
the second study. The second study was arranged in a
Randomized Complete Block Design (RCBD) consisting
of two factors, and each treatment consisted of three
replications, resulting in total of 45 plots. The first
factor was the dose of Urea-ZA fertilizer (50%, 75%,
and 100% from the recommendation of 112.5 kg
N/ha), and the second factor was the dose and type
of soil amendment with 5 kinds of treatment (without
soil amendment, zeolite (7.5 t/ha), zeolite (15 t/ha),
biochar (7.5 t/ha) and biochar (15 t/ha)). Before
application, 1/3 of Urea-ZA fertilizer was mixed with
1/3 of the soil amendment according to the treatment
dose. The ratio of Urea-ZA fertilizer used was 80%:20%
(referring to the first study). The application of Urea-ZA
fertilizer mixed soil amendment was carried out in 2
ways, namely ring placement (1 weeks after planting
(WAP)) and placed between 4 plants (3 and 5 WAP).
The mixture of Urea-ZA fertilizer and soil amendment
was applied once every 2 weeks. Application was
divided into 3 stages (1/3 of the full dose for each
fertilization stage).

Field measurements of permeability were
performed using the minidisk infiltrometer. Plant
growth parameters resulted from measurements of
the three best plant samples in each plot. The observed
variables were fresh and dry matter weight of root-
shoot, content and uptake of N root-shoot, and content

and uptake of S root-shoot. The fresh weight of plant
root-shoot was measured by weighing all fresh matter.
The dry weight of plant tissue was measured by
weighing the plant of each treatment after being
dried at 80°Cto oven dry. The N content of plant tissue
was measured using the Kjeldahl method, while S was
measured using the wet destruction method (HCIO,4
70% and HNOs 65%).

The soil samples were air-dried before measurement.
The soil was initially examined for pH, electrical
conductivity (EC), organic C using the Walkey and Black
method, CEC using an ammonium acetate solution
at pH 7, total N using the Kjeldahl method, and total
S using wet destruction method using HCIO4 70% and
HNO; 65%. The results were analyzed using ANOVA
at a confidence level of 95%, and differences between
treatments were tested using the Duncan Multiple
Range Test (DMRT) at a confidence level of 95%.

RESULTS AND DISCUSSION

Initial soil properties before treatment

Based on Table 1, the initial soil texture (before
treatment) consisted of 92.84% sand, 4.03% silt, and
2.36% clay. According to the USDA texture triangle,
this soil is categorized as sand. It appears that the
coastal sandy soil in the field is classified as rapidly
permeable, indicating domination of macropores that
facilitate nutrients rapidly leach to the groundwater.

The studied coastal sandy soil is sodic (Balittanah,
2009) with the pH value of 6.92. This value is in the
optimal pH range for plant growth (5.5-7.5) (Oshunsanya,

Table 1. Characteristics of coastal sandy soil in Bugel, Kulon Progo

No  Parameter Value Unit Level
1. Texture

Sand 92.84 % Sand

Silt 4.03 % Sand

Clay 2.36 % Sand
2. pHH0 6.92 - Neutral*
3. pHKCI 6.28 - -
4. EC 0.12 dS/m Very low
5. CEC 5.01 cmol/kg Very low
6. OrganicC 0.01 % Very low
7. Organic matter 0.02 % Very low
8. TotalN 0.04 % Very low
9. Total S 0.008 % Very low
10. Permeability 15.00 cm/h Rapid

Remarks: Categories based on Balai Penelitian Tanah (2009).
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2019). Meanwhile, the electrical conductivity in this
study was 0.12 dS/m. Tan (1982) reported that low
EC (<0.75 mmho/cm) was optimal for plant growth.
Psamment Bugel used for research does not have
salinity problems even though it is located near the
beach. This is because the area used for research does
not suffer seawater intrusion, so the surrounding
water and soil tend to be fresh and contain little salt.

The studied soil has low ability to exchange
cations with the CEC value of 5.2 cmol/kg due to the
predominance of sand fractions and low colloidal
content of the soil. The type, amount of clay minerals,
and the content of organic matter influence the CEC
value (Havlin et al., 2019). The studied soil has very
low organic C content (0.01%) with the organic matter
value of 0.02%. Decomposition of organic matter
increases in the temperature range of 20 to 40°C
(Havlin et al., 2019). Therefore, the improvement of
sandy land with the use of organic matter should be
given in large quantities.

The studied coastal sandy soil has low organic
matter with the total nitrogen content of 0.04%.
Dhillon et al. (2018) mention that the quantity and
quality of organic matter affects the nitrogen content
in the soil. The domination of sand fraction in the
texture of the coastal sandy soil causes nutrients not
to be bound to soil particles and is easily carried
away by gravitational water outside the root zone.
This nitrogen loss ultimately decreases the total N soil
content (Budiyanto, 2016). The initial total S content
of coastal sandy soil was 0.008%, which is classified
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as very low. Coastal sandy soil with a predominance
of sand fractions causes inorganic S not to be bound
to soil particles, so that they are easily lost to the
movement of water (Zenda et al., 2021).

Rice husk biochar

The data of rice husk biochar characteristics are
presented in Table 2. The biochar used in this study
was made using a simple pyrolysis method. Rice husk
biochar has an alkaline pH value. Based on the analysis
results, the organic C content in biochar was 33.14%.
Biochar cannot provide nutrients directly to plants
because the nutrient content is low (Nurjanah et al.,
2022). Rice husks biochar contained total N and total
S of 0.28% and 0.27%. The low total N content in
biochar was influenced by the pyrolysis process,
causing N nutrients to be lost due to volatilization
(Aslam et al., 2021).

The studied biochar had good cation exchange
ability with a CEC value of 17.51 cmol/kg. The CEC
of biochar is influenced by pyrolysis temperature.
The application of biochar can increase the CEC of
soil and affect the nutrient retention (Aslam et al.,
2021). The rice husk biochar has a lot of amorphous
silica (Prangkongkep et al. 2020) with the ash content
of 42.77%. Ash in biochar also contains nutrients
such as Ca, Mg, Zn, Mn, and P (Aslam et al., 2021).

Zeolite

The studied natural zeolite was clinoptilolite from
West Java. Zeolites were activated by heating at 250°C

Table 2. Biochar characteristics

No Chemical Properties Unit Value
1. pHH,O - 8.2
2. CEC cmol.kg™ 17.51
3. OrganicC % 33.14
4. Organic matter % 57.14
5. Total N % 0.28
6. TotalS % 0.27
7. Ash % 42.77
Table 3. Zeolite characteristics
No Parameters Unit Value
1. pHH,O - 7.94
2. CEC cmol.kg™ 100.20
3. Water content % 3.47
4. Size % 80.1 (particles escaped 60 mesh)
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Table 4. Quail manure characteristics

No Parameters Unit Value
1. pHH,O - 7.12
2. CEC cmol.kg™ 20.34
3. OrganicC % 7.8

4. Total N % 1.95

Table 5. Effects of the composition and frequency of Urea-ZA fertilizer application on the growth of basil
at Bugel coastal sandy soil, Kulon Progo (42 DAP)

Treatment

(g)

Shoot Fresh Weight Shoot Dry Weight Root Fresh Weight Root Dry Weight

(8) (g) (8)

Fertilization Frequency

1 Week 226.42 a 35.37 a 21.48 a 5.92 a
2 Week 187.28 b 3327 b 19.45 a 5.60 a
Fertilizer Composition

Urea 0%+ ZA 0% 196.50 b 32.07 bc 18.16 a 522 a
Urea 60%+ ZA 40% 180.13 b 2315 ¢ 19.18 a 5.13 a
Urea 70%+ ZA 30% 215.15 ab 33.39 bc 22.13 a 6.27 a
Urea 80%+ ZA 20% 242.29 a 47.385 a 23.69 a 6.51 a
Urea 90%+ ZA 10% 190.48 b 31.08 bc 18.73 a 5.45 a
Urea 100%+ ZA 0% 216.56 ab 38.84 ab 2091 a 6.00 a

Interaction

(+)

(+) ) (=)

Remarks: Means followed by the same letters in the same column indicate no significant difference between treatments

at a significance level of a=5%.

to affect the loss of the hydration water. Activation
through heating will improve its adsorption ability
(Widhiyanuriyawan and Hamidi, 2013). Based on the
results of zeolite analysis in Table 3, zeolite has an
alkaline pH and high CEC (100.20 cmol/kg). High CEC
of zeolite can increase fertilization efficiency and
increase crop yields. Zeolite used in this study has a
particle size of 60 mesh with a moisture content of
3.47%.

Quail manure

The manure used in this study was quail manure.
Quail manure has an alkaline pH value. The maturity
level of manure is classified as mature with C/N ratio
of 4. The results of the decomposition of manure will
release nutrients. The total N content of manure was
1.95% (Table 4). Quail manure is a source of organic
colloids. The ability of the studied manure to exchange
cations (CEC) was 20.34 cmol/kg.

Plant growth (first study)

The result (Table 5) showed that the combination
between Urea-ZA fertilizer significantly affected the
fresh and dry weight of roots and shoots of basil. On
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the other hand, fertilization without a combination
of urea-ZA gave lower yields. This can be caused by
the interaction between Urea-ZA. Composition of
Urea fertilizer 80% + ZA 20% and the frequency of
fertilization every one week gave the highest effect on
the fresh and dry weight of roots-shoots (Table 5). The
growth of basil plants can be increased by providing
fertilizers that have the perfect balance of Nitrogen
and Sulphur (N:S) (Oliveira et al., 2014). Zenda et al.
(2021) mentioned that the optimum ratio of nitrogen
and sulfur in the soil was 7:1. On the other hand, the
most optimal N:S ratio for essential oil-producing
plants was 4:1 to 8:1 (Teuber et al., 2020). Nitrogen
fertilizer plays an important role in plant growth,
development, and yield (Acharya et al., 2020). Sulfur
has an important role, especially in plants that produce
essential oils, including the formation of the amino
acid methionine and cysteine, with 21% and 27% S
content (Kumar et al., 2021). Nitrogen and Sulfur
nutrients have interactions that will affect plant
growth. Sulfur deficiency has an impact on the
efficiency of nitrogen. N deficiency has an impact
on the efficiency of sulfur, especially in essential
oil-producing plants (Kolega et al., 2020).
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Table 6. Effects of the composition and frequency of Urea-ZA fertilizer application on the nutrient uptake of basil

at Bugel coastal sandy soil, Kulon Progo (42 DAP)

Treatment Total N Total N Total S Shoot N Uptake Root N Uptake Shoot S Uptake
Shoot (%) Root (%) Shoot (%) (g/plant) (g/plant) (g/plant)
Fertilization Frequency
1 Week 8.49 a 5.18 a 0.15 a 2.88 a 0.30 a 5.08 a
2 Week 7.62 a 5.96 a 0.11 a 2.68 a 0.34 a 3.77 b
Fertilizer Composition
Urea 0%+ ZA 0% 5.60 b 5.00 a 0.09 bc 1.75 b 0.24 b 292 b
Urea 60%+ ZA 40% 8.02 ab 5.00 a 0.12 abc 1.75 b 0.24 b 3.09 b
Urea 70%+ ZA 30% 8.68 a 5.47 a 0.14 ab 3.05 ab 034 b 483 b
Urea 80%+ ZA 20% 9.20 a 7.84 a 0.17 a 433 a 0.50 a 7.60 a
Urea 90%+ ZA 10% 8.52 a 4.89 a 0.16 a 2.74 ab 0.28 b 511 b
Urea 100%+ ZA 0% 8.18 a 5.20 a 0.07 ¢ 3.06 ab 031 b 299 b

() (=) (

Interaction

-)

(=) () (+)

Remarks: Means followed by the same letters in the same column indicate no significant difference between treatments at a

significance level of a=5%.

Concentration and nutrient uptake (first study)

The result (Table 6) showed that the combination
between Urea-ZA fertilizer significantly affected the
N root and shoot uptake. Fertilizer composition of
Urea 80% + ZA 20% and the frequency of fertilization
every one week gave the highest effect on the N root
and shoot uptake. Composition of Urea fertilizer 80%
+ZA 20% and the frequency of fertilization every one
week gave the highest effect on the S root and shoot
uptake. Colleagues et al. (2020) stated that the best
N:S ratio for essential oil-producing plants such as
canola and basil was between 4:1 to 7:1. Plants are
able to absorb more nutrients from the soil in the
generative phase than during the vegetative phase,
so fertilization with short intervals is more effective
(FAO, 1984).

The results obtained showed an increase in plant
biomass, N uptake, and S uptake in fertilizer treatments
that had a combination of N-S. Fertilizer treatments
without S content showed lower results. Nitrogen
and sulfur nutrients are known to have interactive
effects on plant growth and development. Nitrogen
fertilization can increase plant biomass (Acharya et al.,
2020). In basil, S nutrient can increase the fertilization
and result in higher biomass accumulation and
eucalyptol concentrations in the leaves (Kolega et
al., 2020). The ratio of N and S available in the soil has
an impact on the efficiency of their utilization in plants
(Kumar et al., 2021). Nitrogen and sulfur requirements
in plants are closely related because these two nutrients
are needed for amino acids containing cysteine and
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methionine, protein synthesis, and various other
cellular components (Teuber et al., 2020). The addition
of Sis necessary for the efficiency of N utilization by
plants. But on the other hand, too much addition of
N to the soil will cause S deficiency (Kumar et al.,
2021). Sulfur deficiency in soil will reduce the ability
of plants to absorb N, which will affect the reduction
of plant biomass and quality (Walia and Kumar, 2021).

Soil chemical properties (second study)

The results showed that the addition of Urea-ZA
fertilizer significantly affected pH and EC. The
results of soil analysis after the field experiments
showed that the addition of Urea-ZA fertilizer
decreased pH. However, neither type and dose of soil
amendment, nor the interaction between Urea-ZA
and soil amendment type had no significant effect
on soil pH. Nitrogen transformation from application
of Urea-ZA (such as nitrification) that produces H*
ions into the soil contribute to soil acidification. ZA
releases more H* ions than Urea, thereby having a
greater effect on lowering the pH in the soil (Havin
etal., 2019). Decreasing the pH does not have a major
impact on plant growth because the average pH is
still at a neutral level (5.99-6.12). The increase in
EC occurred when the dose of Urea-ZA fertilizer
was increased due to the input of nutrients and salt
into the soil (Carmo et al., 2016).

The addition of soil amendment both zeolite and
biochar did have significant effect on CEC. There was
no significant difference between zeolite and biochar
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Table 7. Effects of doses of Urea-ZA fertilizer combined with doses and types of soil amendment
on soil properties in Bugel coastal sandy soil, Kulon Progo (42 DAP)

EC CEC Organik C N- total
Treatment pH H,0 (dS/m) (cmol/kg) g(%) (%)

Dosage Urea-ZA
50% 6.54 a 0.21 b 6.86 a 0.016 a 0.27 a
75% 6.45 a 0.26 ab 7.06 a 0.016 a 0.23 a
100% 6.32 b 0.31 a 7.05 a 0.016 a 0.25 a
Soil amendment
Without amendment 6.47 a 0.12 a 5.65 ¢ 0.015 ¢ 0.10 ¢
Zeolite 7.5 t/ha 6.52 a 0.15 a 6.89 b 0.016 bc 0.19 b
Zeolite 15 t/ha 6.48 a 0.15 a 7.27 ab 0.014 c 0.30 ab
Biochar 7.5 t/ha 6.40 a 0.16 a 7.48 ab 0.017 ab 0.26 ab
Biochar 15 t/ha 6.45 a 0.19 a 7.66 a 0.180 a 0.39 a

Interaction

Remarks: Means followed by the same letters in the same column indicate no significant difference
between treatments at a significance level of a=5%. Dosage Urea-ZA 100% = 112.5 kg N/ha.

doses of 7.5 and 15 t/ha. Biochar and zeolite treatments
did not have a significantly different effect on soil CEC.
Biochar has a high surface area and porosity with
various functional groups that are able to adsorb ions
(Kavitha et al., 2018). Zeolite is a crystalline, hydrated
aluminosilicate (Doni et al., 2020) having an open
structure and pore channels that result in a high specific
surface area for nutrient storage and exchange (Aslani
etal.,, 2021). Thus, both types of soil amendment could
contribute to the increase in the soil CEC.

According to Table 7, the addition of biochar
significantly affected the percentage of soil organic
carbon. There was no significant difference in the
application of 7.5 to/ha and 15 ton/ha biochar. The
addition of 15/ha of biochar produced the highest
organic carbon (0.18%), while the treatment without
soil amendment and zeolite did not show a significant
effect on organic C. This is because biochar is recalcitrant
(stable) carbon in the soil (Abrishamkesh et al., 2015).
Making biochar at high temperatures causes biochar
to lose functional groups and aromatic ring complexes
that are resistant to biotic and abiotic degradation
(Zimmerman and Gao, 2013).

Zeolite and biochar significantly affected the
remaining total N content of soil. Binding of NH4* on
the negative surface of zeolite and biochar, which is
released slowly according to plant needs can suppress
the nitrification and nitrogen leaching processes.
Thus, the loss of N in the soil can be reduced (Budiyanto,
2020; Liet al., 2021). This result is possible due to the
influence of mixing zeolite or biochar with Urea-ZA
fertilizer.
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Plant growth (second study)

The results (Table 8) showed that the addition of
biochar and zeolite significantly affected the fresh
and dry weight of roots and shoots of basil. The
highest increase in the fresh and dry weight of roots
and shoots was found in the treatment of biochar 15
ton/ha, which increased the yield by 100% compared
to without soil amendment. The dose of Urea-ZA
fertilizer did not affect the fresh and dry weight of
roots-shoots. The addition of 50% Urea-ZA fertilizer
showed an effect on plant growth that was not
significantly different from the addition of 75% and
100%. Urea-ZA fertilizer at a dose of 75% showed
the highest yield on all plant growth parameters.

Fresh and dry weight was increased by the
application of Urea-ZA combined with soil amendment.
The increase in fresh and dry weight of basil with the
addition of biochar and zeolite was due to the ability
of biochar and zeolite to affect the release rate of N
from Urea-ZA fertilizer into the soil. Nitrogen nutrient
from Urea-ZA fertilizer would be released slowly
(Souri et al., 2019). This relates to the function of
nitrogen in plants. Increasing the availability of N in
the soil causes an increase in the rate of photosynthesis,
transpiration, and stomatal conductance (Sampaio
et al., 2021), thereby increasing the yield of basil.

Biochar and zeolite had a significant effect on the
volume of basil roots. Root volume in the treatment
with soil amendment produced significantly different
values with an increase of 100% when compared to
the treatment without soil amendment. Zeolite and
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Table 8. Effects of doses of Urea-ZA fertilizer combined with doses and types of soil amendment
on the agronomic parameters of basil in Bugel coastal sandy soil, Kulon Progo (42 DAP)

Treatment Root fresh Root dry Shoot fresh Shootdry  Root volume
weight (g) weight (g) weight (g) weight (g) (cm?3)
Dosage Urea-ZA
50% 19.59 a 4.79 a 165.10 a 24.64 a 6.16 a
75% 21.12 a 5.55 a 190.17 a 28.59 a 7.07 a
100% 20.01 a 5.00 a 182.03 a 27.19 a 6.55 a
Soil amendment
Without amendment  13.86 b 311 b 117.68 b 1571 b 4.06 b
Zeolite 7.5 t/ha 20.30 a 531 a 180.21 a 26.95 a 6.93 a
Zeolite 15 t/ha 21.26 a 5.54 a 200.06 a 30.12 a 6.96 a
Biochar 7.5 t/ha 21.57 a 5.59 a 200.89 a 30.26 a 7.07 a
Biochar 15 t/ha 24.20 a 6.03 a 204.60 a 31.00 a 8.20 a
Interaction - - - - -

Remarks: Means followed by the same letters in the same column indicate no significant difference between
treatments at a significance level of a=5%. Dosage Urea-ZA 100% = 112.5 kg N/ha.

Table 9. Effects of doses of Urea-ZA fertilizer combined with doses and types of soil amendment on the
nutrient content and uptake of basil in Bugel coastal sandy soil, Kulon Progo (42 DAP)

Total N root Total N shoot Total S root

Treatment

Root N uptake  Shoot N uptake

(%) (%) (%) (g/plant) (g/plant)
Dosage Urea-ZA
50% 293 a 6.25 a 0.18 a 0.14 b 142 b
75% 2.88 a 6.11 a 0.17 a 0.16 a 1.77 a
100% 2.89 a 6.08 a 0.18 a 0.15 b 1.71 ab
Soil amendment
Without amendment 2.73 a 532 b 0.15 b 0.09 b 0.84 b
Zeolite 7.5 t/ha 2.80 a 6.01 b 0.18 a 0.16 a 1.69 a
Zeolite 15 t/ha 2.95 a 6.79 a 0.18 a 0.17 a 1.95 a
Biochar 7.5 t/ha 3.08 a 6.29 ab 0.20 a 0.17 a 1.82 a
Biochar 15 t/ha 293 a 6.33 ab 0.18 a 0.18 a 1.89 a

Interaction

Remarks: Means followed by the same letters in the same column indicate no significant difference between treatments
at a significance level of a=5%. Dosage Urea-ZA 100% = 112.5 kg N/ha.

biochar increase plant root volume by increasing
nutrient retention and preventing nutrient loss through
leaching. Besides being able to suppress nutrient loss,
it can also increase water retention. This condition
support the development of roots and plant growth.
It was supported by the availability of the percentage
of water and nutrients in the soil pores as well as by
increasing soil aggregation. Zeolite and biochar improve
soil structure so that it can increase the water available
to plants (Ghorbani et al., 2022).
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Concentration and nutrient uptake (second study)

According to Table 9, zeolite and biochar significantly
affected root and shoot uptake of basil. The application
of soil amendments increased the total N uptake of
roots with the highest yield observed in the treatment
of 15 t/ha biochar. The addition of soil amendments
increased the total N uptake of shoots by 100% when
compared to without amendments. The addition of
15 t/ha zeolite gave the highest yield in shoot uptake
(1.95 gram/plant), while the lowest value was in the
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treatment without fertilizer (0.84 gram/plant). There
was no significant difference effect between the
applications of 7.5 t/ha and 15 t/ha of zeolite or
biochar on total N uptake of roots and shoots.

Small pores in biochar are a good habitat for
microorganisms. The activity of soil microorganisms
encourages more nutrients to be available so that
nutrients can be absorbed by plants properly (Lusmaniar
et al., 2022). The addition of other soil amendment
generally increases soil microbial biomass. Increasing
microbial biomass increases N immobilization and
reduces N leaching (Karhu et al., 2021). Zeolite mixed
with Urea fertilizer binds ammonium ions released by
Urea fertilizer during hydrolysis. Thus, the availability
of N nutrients increases so that it can be absorbed by
plants (Suwardi, 2009).

The addition of zeolite and biochar had a significant
effect on the content and total S absorption of basil
shoots when compared to no soil amendment (Table
9). The addition of biochar and zeolite showed results
that were not significantly different. Increasing the
dose of fertilizer had no significant effect on the level
and total S uptake of shoots. The S element in the soil
can be absorbed by plants because SO, can dissolve
in the soil solution so that plant roots are able to
absorb the S element (Narayan et al., 2022). SO4*" in
soil solution is mobile so that it is easily lost (Edwards,
1998). Zeolite and biochar are able to reduce nutrient
losses (Gholamhoseini and Bagheri, 2018; Nyambo
et al., 2018) so that it can increase nutrient uptake.

CONCLUSIONS

The results of the first study showed that the
application of Urea:ZA (80%:20%) gave the best
results in shoot fresh weight, shoot dry weight, root
fresh weight, root dry weight, shoot and root N
content, shoot and root N uptake, and S uptake of
basil. The results of the second study proved that
Urea-ZA fertilizers rate could be reduced to 50% of
recommendation rate in basil with application of
soil amendment, resulting similar productivity to the
application of 75% and 100% Urea-ZA fertilizer rate.
Biochar showed similar results as a soil amendment
compared to zeolite. This research will be useful for
farmers and other researchers to increase the
productivity of basil, especially for further research
on essential oils.
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