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ABSTRACT

Inappropriate land management system has emerged as a serious issue in agricultural development. Instead of
boosting land productivity, suboptimal land use has become a viable option for regional agricultural development.
However, this has not resulted in considerable increases in agricultural productivity. The purpose of this study was
to improve soil parameters and increase watermelon (Citrullus vulgaris Schard) production by applying soil
amendments to suboptimal land. This study was conducted utilizing a factorial randomized group design with two
factors. The first factor was the application of mulch (M) with three treatment levels: MO = no muich, M1 = reed mulch,
and M2 = coconut leaf mulch; the second factor was the application of bird manure fertilizer (P) with three treatment
levels: PO = no fertilizer, P1 = 10 t/ha fertilizer, and P2 = 20 t/ha. The data was analyzed using ANOVA and Duncan's
multiple range test (significant at P < 0.05). The study was conducted at Khairun University's Campus IV in Madihutu
Village, Kao Teluk District, North Halmahera Regency. Soil parameters and plant agronomic traits were among the
observed variables. The findings revealed that the mulch and bird manure treatments had no significant impact on
soil characteristics. In terms of plant agronomic features, the mulch-free treatment had the greatest impact on

watermelon plant growth and yield, whereas the 10 t/ha fertilizer treatment outperformed the other treatments.
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INTRODUCTION

Suboptimal land is defined as areas with inherently
low production due to reasons such as poor soil
qualities, a harsh environment, or scattered
urbanization. In agricultural settings, such land
frequently exhibits low fertility, poor water retention,
and restricted biological activity, limiting crop
production unless managed with focused treatments
such as enhanced fertilization, organic amendments,
or direct nutrient feeding techniques. Inappropriate
land management is a serious issue nowadays since it
causes land degradation. According to Aji et al. (2020),
land degradation was characterized by the inability of
the land to give nutrients to plants. As a result, soil
fertility decreases, posing a significant barrier to
sustainable land management (Tobi et al. 2013, Hartati
et al. 2023). On the other hand, land degradation has
the effect of transforming land into suboptimal land.
Suboptimal land is currently being exploited for
agricultural purposes in both dry and swampy areas.
Sustainable land management solutions are required
to decrease land degradation and boost agricultural
output (Abdollahi & Munkholm 2014, Ospanbayev et al.
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2023). Applying mulch and fertilizer could help
minimize land degradation and increase soil quality
(Rossi et al. 2024). Mulch and manure are extremely
effective at improving soil quality and productivity in
suboptimal or degraded areas. Long-term use of
organic manure and straw mulching reduces soil
erosion, runoff, and nutrient loss while increasing soil
nutrient content, water-stable aggregates, and
microbial diversity, all of which improve soil
multifunctionality and ecosystem resilience, particularly
when combined (Shi et al. 2025).

Mulching in agricultural techniques is thought to
reduce evaporation, improve the qualities of the top
layer of soil, and improve the condition of young soil
(Helda 2010). Mulching has been proposed as an
efficient approach for managing temperature and soil
moisture conditions, lowering soil evaporation (Li et al.
2013), limiting weed growth (Nwosisi et al. 2019), and
enhancing crop yields (Qin et al. 2015). One type of
mulch is organic mulch made from straw. Straw muich
is generally acknowledged for its ability to improve soil
health, conserve water, and increase crop Yyields
(Visconti et al. 2024). Straw mulch improves soil
organic carbon, raises soil microbial activity (Liu et al.
2023), regulates soil temperature, and promotes root
growth, all of which lead to improved soil structure and
fertility (Du et al. 2022).

Furthermore, fertilization can increase nutrient
availability by delivering nutrients to plants both directly
and indirectly. Fertilization, on the other hand, has the
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potential to stimulate plant growth and development.
Organic fertilizer as a soil amendment can increase soil
fertility (Rofita et al. 2021). Manure is a sort of organic
fertilizer used in agricultural techniques that is both
ecologically beneficial and reasonably priced for
farmers. Organic fertilizer plays a vital role in a
sustainable agricultural system and can be used
instead of chemical fertilizers to successfully boost soil
fertility (Soobhany 2019, Xiang et al. 2022, Zhang et al.
2023). According to He et al. (2023) and Scotti et al.
(2015), organic fertilizer plays an important function in
enhancing crop yields and soil quality. Furthermore,
manure provides slow-release nutrients to plants,
making it environmentally benign. Furthermore,
organic fertilizers have been shown to boost soil biota
activity and diversity (Minardi et al. 2020). Several
earlier research found that spreading manure had a
greater effect on plant productivity than using chemical
fertilizers (McAndrews et al. 2006).

Watermelon (Citrullus vulgaris Schard.) is an annual
horticultural crop  with  significant commercial
significance (Annisa 2017). Watermelon growing in
Indonesia boosts rural incomes, provides chances for
technological improvement, and has a big impact on
the country's horticultural landscape. Apart from that,
watermelons have a pleasant taste and a high-water
content. According to Manengkey et al. (2022), a
watermelon contains 91% water, 6% sugar, and
numerous vitamins including A, B1, B6, and C.
According to Daniel (2016), watermelon includes
citrulline and carotenoids, which contain lycopene, an
antioxidant that protects against free radicals.
Watermelon also contains flavonoid antioxidants such
lycopene, beta carotene, lutein, zeaxanthin, and
cryptoxanthin, which help to prevent cancers of the
colon, prostate, breast, endometrial, lung, cervix, and
pancreas (Sibuea et al. 2022). Watermelon cultivation
in Indonesia is a profitable and developing agricultural
business, with major production hubs in Riau,
Lampung, Central Kalimantan, East Java, and
Southeast Sulawesi. According to studies, watermelon
cultivation is economically viable, with high yields (for
example, 15,509 kg/ha/season in Riau) and favorable
return-cost ratios that frequently surpass 2.5, indicating
good profitability and efficiency for farmers (Napitupulu
& Paman 2025). Wahyudi et al. (2023) revealed that
breeding initiatives in Lampung have resulted in hybrid
types with better yield, sweetness, and nutritional
content, which has boosted productivity and market
appeal.

Mulch and swallow bird manure fertilizer can be
used to grow watermelon on suboptimal ground,
resulting in high and sustained plant growth and
productivity. Aside from that, this treatment was
believed to help improve soil fertility and promote
optimal plant development and output. Fertilizer made
from bird feces, notably that of poultry, contains organic
carbon, nitrogen, phosphate, potassium, and critical
micronutrients, which improves soil fertility and
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biological activity, including increased microbial
diversity and enzymatic activity (Kobierski et al. 2017).
Poultry manure improves pH, organic matter, and
nutrient availability in tropical and degraded soils,
promoting soil recovery and plant development, with
the best outcomes frequently achieved at moderate to
high application rates (e.g., 6-10 t/ha) (Cairo et al.
2023).

The purpose of this study was to boost the production
of watermelon by applying mulch and bird manure
fertilizer to suboptimal land.

METHODS

Study Site and Experimental Design

The study was conducted from April to November
2023 and was separated into two parts: field research
and laboratory analysis. Field study was done at
0°52'17.83"N and 127°39'3.60"E, administratively
located at Campus IV Khairun University, Bangko
Hamlet, Bobaneigo Madihutu Village, Kao Teluk
District, North Halmahera Regency, North Maluku
Province, Indonesia (Figure 1). Laboratory analysis
was performed at the Khairun University Faculty of
Agriculture's Soil Science Laboratory.

The materials employed in this study included INKAI
F1 Non-seed Yellow watermelon seeds, swallow bird
feces, reed mulch, and coconut leaves. Meanwhile, this
research used hoes, buckets, rope, measuring tape,
hand sprayer, calculator, scales, research plot boards,
research title boards, sample stakes, bags, bamboo,
machetes, and other study-related materials and
equipment.

Research Design

The study followed a factorial randomized block
design (RBD) with two components, mulch (M) and
fertilizer (P), each with three treatment levels (Table 1).
The total number of treatment combinations was nine,
each with two replications, yielding 18 experimental
units.
Soil Sampling, Growth Measurement, and
Statistical Analysis

The first step in conducting research was to collect
soil samples. The samples were collected at the
rhizosphere zone (0—-30 cm). Then, a preliminary study
was performed to determine the initial soil content
before treatment. The observed variables in soil
analysis included physicochemical properties: soil
texture, moisture, bulk density (BD), particle density
(PD), soil porosity, permeability, soil total nitrogen, soil
organic carbon (SOC), C/N ratio, P availability,
exchangeable bases (Ca, Mg, K, Na), and cation
exchange capacity (CEC). Soil characteristics were
analyzed using normal laboratory procedures (Van
Reeuwijk 2002). Plant agronomic (growth and yield)
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Figure 1 a: Administration map of experimental study area and b: field experimental area. in Bobaneigo Madihutu Village, Kao
Teluk District, North Halmahera Regency, North Maluku Province, Indonesia

Table 1 Treatment combinations

Code

Treatment composition

MOPO
MOP1
MOP2
M1PO
M1P1
M1P2
M2P0O
M2P1
M2P2

No mulch + No bird manure

No mulch + 10 t/ha bird manure

No mulch + 20 t/ha bird manure

Reed mulch + No bird manure

Reed mulch + 10 t/ha bird manure

Reed mulch + 20 t/ha bird manure
Coconut leaf mulch + No bird manure
Coconut leaf mulch + 10 t/ha bird manure
Coconut leaf mulch + 20 t/ha bird manure

characteristics included plant length, number of leaves,
fruit weight, and fruit diameter. During the growing
season, parameter measurements such as plant length
and number of leaves were taken once a month, while
fruit weight and diameter are measured after harvest.
The development and production of plants were
analyzed using ANOVA and Duncan's multiple range
test (significant at p < 0.05). The correlation between
variables was examined at a = 5% using Minitab
software Version 18.

Based on the pre-treatment investigation, the soil's
physical and chemical qualites remained
unsatisfactory (Table 2). The soil was classed as silty
loam with modest concentrations of various chemical
characteristics.

RESULTS AND DISCUSSION

Soil Classification

Soil orders in the research region were classified as
Ultisols, with subgroups classified as Typic Hapludults
under the USDA classification system (Soil Survey
Staff 2022). This type of soil has acidic pH (5-5.5), poor
base saturation, and chlorine deposition in the subsoil.
The epipedon was ochric or umbric, but the endopedon
was typically argillic or kandic (Fiantis 2016). Ultisols
are distinguished by high clay content in the

subsurface, which can impede root development (Curi
et al. 2022).

The Effects of Mulch and Bird Manure Application
on Soil Properties

The application of mulch and bird manure, as well
as their interaction, had no significant effect on the
soil's physicochemical properties; however, as shown
by the means value, the treatments offered different
means values for the soil's physicochemical properties
(Figure 2). The combination of mulch and bird manure
reduced soil bulk density, as demonstrated in
treatments MOP1, MOP2, M1P1, and M1P2. Bird
excrement is 50.46% organic (Talino 2013). The high
concentration of organic carbon in manure can
enhance the soil's structure, loosening it and lowering
its unit weight value. According to Barzegar et al.
(2002), organic matter from manure contributed
significantly to the bulk density of the soil in the till layer.
The combination of mulch and bird manure had no
significant influence on soil parameters, with the M1P0
treatment yielding the greatest value. The mixture of
mulch and bird manure significantly increased soll
porosity (Figure 3). The addition of organic matter to
the soil via fertilizer creates positive space, increasing
total pore space and improving the aggregation system
in the soil body (Surya et al. 2017). Bird excrement has
been proven in studies to promote soil biological
activity and water penetration (Adeyemo et al. 2019). It
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Table 2 Soil analysis before treatment in Bobaneigo Madihutu Village, Kao Teluk District, North Halmahera Regency, North

Maluku Province, Indonesia

Soil property Value Category
Soil texture (%):
Sand (%) 10 .
Silt (%) 65 Silty loam
Clay (%) 25
Soil moisture content (%) 30.3 -
Bulk density (g/cm?3) 1.17 -
Particle density (g/cm?) 1.57 -
Soil porosity (%) 25.48 -
Soil permeability (cm/h) 0.70 -
Total nitrogen (%) 0.18 Low
Available-P (ppm) 10.54 Moderate
Soil organic carbon (%) 1.53 Low
C/N ratio 9 -
Ca (cmol®)/kg) 5.18 Low
Mg (cmol®/kg) 0.27 Very low
K (cmol®/kg) 0.16 Low
Na (cmol®/kg) 0.22 Low
CEC (cmol®/kg) 18.75 Moderate
Base saturation (%) 31 Low

Source: Soil Science Laboratory, Faculty of Agriculture, Universitas Khairun (2023). The assessment criteria were based on

the Soil Research Institute (2009).
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Figure 2 Effects of mulch and bird manure on bulk density and
particle density.

also improves crop vyield and quality, including
vegetative growth and seed productivity (Gavrilets et al.
2022, Hoover et al. 2019, Rasool et al. 2023).

Mulch and bird manure were able to raise pH in
MOP1 and M1PO treatments (Figure 4). This is because
organic fertilizer has entirely decomposed, making the
nutrients provided to the soil available and capable of
increasing humus colloids (Brar et al. 2015. Neina
2019). In contrast, the pH of bird feces was 7.97 (Talino
2013). Bird manure fertilizer contributes to an increase
in soil pH. In the M1P1 experiment, using mulch and
bird excrement resulted in a considerable increase in
soil moisture (Figure 5). Mulch is beneficial because it
can help to store soil moisture. The same thing
happens when applying straw mulch. Gebeyhu and
Markos (2023) discovered that straw mulch might
retain 5-10% water after being put to the soil. In
addition to providing nutrients to the soil, organic
fertilizer can effectively bind water, enhance the soil's
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Figure 3 Effects of mulch and bird manure on soil porosity.

aeration system, and stimulating the activity of
organisms involved in the humification and
decomposition processes.

The Effects of Mulch Application

Mulching had a substantial effect on plant length
and leaf number, but not on yield. The first and fourth
observations showed a significant effect of muilch
application, whereas the second and third did not. The
first and second observations revealed no significant
effect, but the third and fourth observations did. Mulch
application in the M1 and M2 treatments did not differ
substantially from one another but did differ
considerably from the MO treatment (Table 3). In the
first observation, the MO treatment produced the lowest
value for plant length when compared to the other
treatments. However, in the subsequent observations,
the MO treatment produced the highest value for the
length of the watermelon plant. This condition
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Figure 4 Effects of mulch and bird manure on soil pH.

Table 3 Effects of mulch application on plant length
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Figure 5 Effects of mulch and bird manure on soil moisture
content.

Plant length in the i observation

Treatment

1 2 3 4
MO 6.17° 18.50 47.33 129.67°
M1 10.502 17.83 23.00 62.17°
M2 9.08° 16.67 33.17 63.17°
LSDo.05 2.09 - - 58.54

Remark: Means followed by the same letters are not significantly different based on the LSD test at 0.05.

demonstrates that mulch application can hinder the
growth of plant length, as evidenced by the treatment
without mulch, which resulted in longer plant length
than reed mulch (M1) or coconut leaf mulch (M2).
Because the mulch was formed from annual plants, its
sluggish rate of decomposition impedes the process of
nutrient delivery to the treated layer. According to the
USDA (2019), grass contains more organic matter than
forest plants since its life cycle is often shorter.

The effects of mulching became obvious in the third
and fourth observations (Table 4). Like the plant length
variable, the MO treatment produced the maximum
number of leaves compared to the other two treatments
(M1 and M2). Mulching had no significant effect on
yield parameters; however, each treatment had
different results for each yield parameter. Figures 6 and
7 illustrate the impacts of mulching. The MO treatment
had the greatest value for yield characteristics. This
circumstance demonstrates that mulching is ineffective
in promoting the growth and productivity of watermelon
plants, as watermelon is a crop commodity that
requires an open growing medium with no soil cover.

The Effects of Bird Manure Application

The treatment of bird manure had a considerable
influence on plant length (Table 5). In the first and
second observations, each treatment produced
significantly different pant length values, and the
second and third observations revealed that the
treatment without mulching was the best. Meanwhile,
in the third and fourth observations, the PO treatment
had a significantly different effect than the other two
treatments, but the P1 and P2 treatments did not differ

significantly. Plant length was highest in P1 treatment,
and lowest in PO treatment. This circumstance
indicates that the watermelon plant's length decreases
with  both insufficient and excessive fertilizer
application.

The use of bird manure had no significant influence
on the quantity of leaves in the first observation.
However, substantial effects were found in the second,
third, and fourth observations (Table 4). PO treatment
produced considerably different effects than P1 and P2
treatments, although P1 and P2 treatments were not
statistically different. The PO treatment had the fewest
leaves, while the P1 treatment had the most. The
treatment of bird manure had no significant effect on
the yield metrics of watermelon plants. However, each
treatment produced different results for each yield
parameter (Figures 8 and 9).

The effect of bird manure application was clearly
visible in the P1 treatment (10 t/ha of manure), while
the PO treatment (no manure) yielded the lowest value
(Figures 8 and 9). However, the addition of subsequent
doses reduced plant yields. The P1 treatment
enhances plant growth and yields. This situation
indicates that watermelon plants' nutrient requirements
have been met, implying that the available nutrients are
sufficient to maintain plant development and yield.
Thus, administering a higher dose tends to diminish
plant growth and yield. Bird manure is vital for plant
photosynthesis because it boosts the soil's ability to
hold water, allowing soil moisture in the cultivated layer
to become available while also maintaining the rate of
soil decomposition by microorganisms. Putra and
Cahyono (2022) also indicated that bird excrement
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Table 4. Effect of mulch application on number of watermelon leaves

Number of leaves in the it observation

Treatment 1 > 3 2
MO 2 6 102 302
M1 1 4 5b 14zb
M2 2 5 72b 13P
LSDo.0s — — 4.11 16.71

Remark: Means followed by the same letters are not significantly different based on the LSD test at 0.05.
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Figure 6 Effects of mulch application on watermelon weight.

Table 5 Effects of bird manure application on plant length

38,0 r
37,2
375 +

5 s7or ...

36,5
36,0 |

Fruit diameter

35,5
35,0

34,5

MO M1 M2
Mulch treatment

Figure 7 Effects of mulch application on watermelon
diameter.

Plant length in the i" observation

Treatment y 2 3 2
PO 7.17b 10.50b 15.67b 23.17b
P1 9.00ab 19.83ab 46.17a 119.67a
P2 9.58a 22.67a 41.67a 112.17a
LSD 0.05 2.09 12.03 24.42 58.54

Remark: Means followed by the same letters are not significantly different based on the LSD test at 0.05.
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Figure 8 Effects of bird manure application on watermelon
weight.

contains 0.13% potassium (K). This means that
applying bird manure helps to produce ATP while also
promoting plant physiological processes such as
photosynthesis, carbohydrate accumulation,
translocation, transportation, stomatal opening and
closing, and regulating the distribution of water, oxygen
(02), and carbon dioxide (CO2) absorbed in tissues
and cells (Rawat et al. 2022). Plant growth is commonly
characterized as arise in the size, weight, and quantity
of plant cells. Darmawan and Justika (2010) described
plant growth as a rise in plant size followed by an

40 38,32
39 T
38 |
8T r 35
36 | n
35 |
34
33
32
31

36,33

Fruit diameter (c

PO P1 P2
Fertilizer treatment

Figure 9 Effects of bird manure application on watermelon
diameter.

increase in dry weight. Cell division is the first stage of
plant growth, followed by cell expansion and
differentiation. Growth happens only in specific areas,
notably in meristem tissues. Plants generate a variety
of organs as they grow and mature. Plant organs are
often divided into vegetative and generative organs.
Vegetative organs are roots, stems, and leaves,
whereas generative organs comprise flowers, fruit, and
seeds.
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CONCLUSION

In the final observation, mulching had a substantial
impact on plant development. However, no substantial
influence was observed on the yield metrics. Similarly,
the application of bird manure had a substantial effect
on plant development but did not yield characteristics.
P1 treatment (10 t/ha of bird manure) produced the
best results. Integrated management is required to
boost plant productivity on suboptimal land. For optimal
and long-term outcomes, soil amendment kinds and
doses should be selected based on soil characteristics,
prices, and environmental safety.
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