86

Agrogenesis Journal of Sustainable Agriculture and Innovation. 2025. 1 (1); 86-99

AGROGENESIS

§ Journal of Sustainable Agriculture and Innovation
www.agrogenesis.umi.ac.id

Joumal of Sustainable Agriculture and Innovation

Response of Growth and Yield of Cucumber (Cucumis sativus L.) to NPK
Fertilizer Application and Mulch Treatment

Gajali', St. Subaedah’ and Saida’

' Agrotechnology Study Program, Faculty of Agriculture, Universitas Muslim Indonesia, Urip Sumoharjo km.5,
Panaikang, Panakkukang District, Makassar City, South Sulawesi 90231, Indonesia.

ARTICLE INFO ABSTRACT
Keywords: Cucumber (Cucumis sativus L.) is an important horticultural crop in Indonesia,
Cucumber valued for its high market demand and short growth cycle. However, its
NPK fertilizer productivity is often constrained by suboptimal nutrient management and
Mulch unfavorable growing conditions. This study aimed to evaluate the interactive
Growth Response effects of NPK fertilizer dosages and mulch types on the growth and yield of
Yield Optimization cucumber plants. A factorial randomized block design was employed, with three
levels of NPK fertilizer (0, 200, and 300 kg/ha) and three types of mulch (no
Article History: mulch, silver-black plastic mulch, and straw mulch), resulting in nine treatment
Received: February 10, 2025 combinations, each replicated three times. The results showed that NPK
Accepted: June 26, 2024 application significantly increased fruit number and vyield, with 200 kg/ha

considered optimal for economic efficiency. Mulching, particularly with straw,
significantly improved fruit weight and overall plant performance. However, the

*) Corresponding author: interaction between fertilizer and mulch was not statistically significant for most

E-mail: st.subaedah@umi.ac.id parameters, although the combination of 300 kg/ha NPK and straw mulch
tended to produce the best outcomes in plant height, flowering time, and fruit
quality. These findings suggest that balanced fertilization combined with
appropriate mulching practices can enhance cucumber productivity sustainably.
The study contributes to the development of more efficient cultivation strategies
for cucumbers in tropical agricultural systems.

INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the most important horticultural crops in Indonesia due to its
high market demand and relatively short life cycle, making it suitable for intensive cultivation. Despite its
significant potential, cucumber productivity remains unstable, largely due to suboptimal nutrient management
and growing conditions. Effective fertilization practices, particularly involving nitrogen (N), phosphorus (P), and
potassium (K) as found in NPK fertilizers, are crucial for enhancing cucumber growth during both vegetative
and generative phases (JENA, 2022; Lee et al., 2024; Kehinde-Fadare et al., 2022). Specifically, nitrogen
plays a key role in chlorophyll formation and vegetative tissue development, phosphorus contributes to root
development and overall plant vitality, while potassium is essential for osmotic regulation and the transport of
nutrients and photosynthetic products (Khalifa, 2022; Ayipio et al., 2021).

The application of optimal NPK fertilizer rates has been proven to significantly increase cucumber yields;
several studies indicate that producing one quintal of cucumbers requires approximately 0.44 kg of N, 0.15 kg
of P,Os, and 0.13 kg of K,O (Jena, 2022; Lee et al., 2024). Furthermore, improved nutrient uptake efficiency
is closely linked to optimized fertilizer dosages, ultimately enhancing fruit yield and biomass production
(Kehinde-Fadare et al., 2022; Sallam et al., 2021). In line with this, recent research combining drip irrigation
with bio-mineral fertilizers has shown that such approaches enhance nutrient availability, particularly nitrogen,
while reducing the reliance on chemical fertilizers, thus supporting sustainable agricultural practices (Khalifa,
2022; Bello et al., 2023).

An essential aspect of cucumber cultivation is the management of the microenvironment, which can be
significantly improved through mulching. Mulch helps suppress weed competition, retain soil moisture, reduce
erosion, and stabilize soil temperature (Rivers et al., 2024; Yan et al., 2022). The synergistic effects between
NPK fertilization and effective mulching strategies have shown promising results in promoting cucumber
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growth and yield. Research indicates that both organic and synthetic mulches can improve soil conditions and
enhance nutrient availability for plants (Reddy et al., 2021; Adekiya et al., 2022). In particular, different types
of mulch can affect the physiological parameters and fruit yield of cucumber, supporting the notion that
mulching is an integral component of successful cultivation practices (Yan et al., 2022; Reddy et al., 2021).
Based on these findings, further research is needed to evaluate the specific interactions between varying NPK
fertilizer doses and types of mulch used. This study aims to identify balanced fertilization practices and
cultivation techniques that can sustainably improve cucumber productivity. The findings are expected to
contribute significantly to increasing cucumber yields in Indonesian agricultural lands while supporting
environmentally friendly farming practices.

MATERIALS AND METHODS

The study was conducted in Lune Village, Pajo Subdistrict, Dompu Regency, West Nusa Tenggara
Province, from April to June 2024. The materials used in this research included cucumber seeds of the
Hercules F1 Hybrid variety and NPK Mutiara fertilizer. The tools utilized were a measuring tape, labeling tags,
hoe, bucket, plastic rope, bamboo stakes, scissors, camera, analytical balance, mulch, and writing instruments.

The experiment employed a two-factorial Randomized Complete Block Design (RCBD). The first factor
was NPK fertilizer dosage, consisting of three levels: 0 kg/ha, 200 kg/ha, and 300 kg/ha. The second factor
was mulching treatment, also comprising three levels: (MO) no mulch, (M1) silver-black plastic mulch, and (M2)
straw mulch. The combination of these two factors resulted in nine treatment combinations, each replicated
three times, yielding a total of 27 plots.

RESULTS AND DISCUSSION
1. Plant Height
The observation results on cucumber plant height under the treatment of NPK fertilization and
mulching, as presented in the figure below, show that the application of NPK fertilizer, the type of mulch
used, and their interaction did not have a significant effect on plant height.
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Figure 1. Average plant height of cucumber (cm) under NPK fertilization and mulch application.

Based on Figure 1, the effect of fertilizer dosage (N) and mulch type (M) on plant height showed a
strong significance, highlighting the critical role of both factors in optimizing plant growth conditions. Under
the treatment without fertilizer (NO), plant height was relatively low across all mulch types, recorded at
29.19 cm (MO0), 30.86 cm (M1), and 30.08 cm (M2). These findings indicate that in the absence of
adequate nutrient supply, plant growth is naturally limited even with the application of various types of
mulch. This conclusion is consistent with previous studies indicating that mulch can improve soil
conditions, although its effectiveness may be reduced without appropriate fertilization (Vialle et al., 2024;
Molata et al., 2023).

The application of a moderate fertilizer dose (N1 = 200 kg/ha) resulted in increased plant height,
namely 35.47 cm (MO0), 34.22 cm (M1), and 34.50 cm (M2). This observation supports the notion that



88

Gajali et al., Response of Growth and Yield Of CUCUMBET .............c.eeueueeeiceeseeeceeivesvveteeiessirsssssssisesvessessessssssssssases

improved nutrient availability promotes healthier vegetative growth, likely due to better nutrient uptake
facilitated by enhanced soil structure and moisture retention through mulching (Satria et al., 2022; Yan et
al., 2022). The role of mulch in maintaining soil moisture and preventing nitrogen loss through leaching is
vital in enhancing fertilizer efficiency (Vialle et al., 2024). These results align with various studies reporting
that mulching can enhance plant growth parameters by improving nutrient absorption and reducing soil
erosion (Sousa et al., 2023).

Notably, the tallest plants were recorded under the N2 treatment (300 kg/ha), with heights of 35.72
cm (MO0), 40.94 cm (M1), and 41.08 cm (M2). This substantial increase may be attributed to the synergistic
effect between higher fertilizer dosage and the type of mulch used, particularly M1 and M2. The increase
in plant height under these conditions underscores the importance of optimal fertilization strategies and
appropriate mulch selection to maximize crop performance. The benefits of mulching in promoting plant
growth are associated with its ability to maintain soil moisture and enhance root development, both
essential for effective nutrient uptake (Li et al., 2021; Hayat et al., 2023). Additionally, studies have shown
that the combination of plastic mulch and effective nutrient management can significantly improve crop
yield and plant height by creating a more favorable microclimate, such as reducing direct sunlight
exposure and minimizing temperature fluctuations (Panthi et al., 2023; Salah et al., 2024).

Flowering Time

The observation results on the flowering time of cucumber under NPK fertilization and mulch
application, along with the analysis of variance, are presented in the figure below. The results indicate
that NPK fertilizer application, mulch type, and their interaction did not have a significant effect on the
flowering time of the plants.
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Figure 2. Average flowering time of cucumber under NPK fertilization and mulch application

Based on Figure 2, the interaction between fertilizer dosage (N) and mulch type (M) significantly affects
the flowering time of plants, as indicated by the data presented. The study results show that increasing
fertilizer application generally accelerates flowering time, although the degree of influence varies across
treatments. In the NO treatment (without fertilizer), flowering occurred between 27.67 days (M0) and 28.17
days (M1), indicating that the absence of nutrients may delay flowering, especially when the type of mulch
applied is not effective (Verma et al., 2023). This is consistent with findings that adequate nutrient availability
is essential to ensure timely progression through the flowering phase in various plant species, as highlighted
in studies emphasizing the role of nutrients in floral induction (Verma et al., 2023; Satria et al., 2022).

When a moderate fertilizer dosage (N1 = 200 kg/ha) was applied, earlier flowering was observed,
ranging from 27.00 days (M1) to 27.39 days (MO). The N1M1 combination resulted in the earliest flowering
time, indicating a positive plant response to balanced fertilization. This finding aligns with reports by Zhai et
al. (2022), who noted that optimal nitrogen fertilization plays a key role in promoting earlier flowering.
Furthermore, timely fertilization can enhance the development of vegetative structures that support
reproductive growth, in line with research highlighting the importance of timing and dosage in maximizing
flowering and fruit set (Liu et al., 2023; Gaat et al., 2023).

In treatments with the highest fertilizer dosage (N2 = 300 kg/ha), flowering time remained relatively
stable, recorded at 27.33 days (MO and M1) and 27.11 days (M2). Interestingly, the combination with M2
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mulch yielded the earliest flowering time under high fertilization conditions, suggesting that an optimal
growing environment created by specific mulching practices can mitigate the potential negative effects of
over-fertilization (Rafiuddin et al., 2023). This supports the idea that mulch not only helps conserve soil
moisture but also plays a vital role in improving the microenvironment for plant growth, thereby positively
influencing flowering time (Xu et al., 2023; Kartina et al., 2024). The interaction between mulch treatment
and high fertilizer levels can create conditions that promote rapid plant growth and earlier flowering, as
demonstrated in various studies highlighting the synergistic effects of nutrient application and mulching on
flower production (Winarso, 2025).
3. Fruit Length

The observation results on cucumber fruit length under NPK fertilizer application and mulch treatment,
along with the analysis of variance, are presented in the figure below. The results indicate that NPK fertilizer
application, type of mulch, and their interaction did not have a significant effect on fruit length.
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Figure 3. Average fruit length of cucumber (cm) under NPK fertilization and mulch application.

The results of the study on the interaction between NPK fertilizer dosage (N) and mulch type (M)
demonstrate that both fertilizer application and mulch usage play important roles in enhancing fruit length
in plants. In the control treatment without fertilizer (NO), fruit length ranged from 22.47 cm (NOMO) to 23.07
cm (NOM2). This indicates that although the absence of fertilization may limit fruit development, the use of
mulch—particularly M2—can positively influence fruit length even under nutrient-poor soil conditions. These
findings are consistent with the study by Guo et al. (2024), which emphasizes the role of mulching in
improving soil characteristics and enhancing fruit quality, thereby supporting plant growth.

At a moderate fertilizer dosage (N1 = 200 kg/ha), fruit length increased to between 22.80 cm (M0) and
23.13 cm (M2), with the N1M2 combination yielding the longest fruit. This suggests a synergistic effect
between moderate fertilization and the supportive function of mulch in enhancing fruit development.
Previous research has shown that effective mulching practices, when combined with balanced fertilization,
can maximize nutrient use efficiency and improve fruit quality (Dong et al., 2021). The ability of mulch to
retain soil moisture and regulate soil temperature also promotes optimal root growth and better nutrient
uptake, ultimately improving fruit development (Beelagi et al., 2023).

In the highest fertilizer dosage treatment (N2 = 300 kg/ha), fruit length remained stable and did not
show significant improvement compared to the moderate dosage (N1). This indicates a plateau effect,
where increasing the fertilizer dosage from 200 to 300 kg/ha no longer results in additional gains in fruit
length, especially when optimal growth conditions have already been achieved through mulching. Similar
trends have been observed in other studies, which state that excessive nutrient application can lead to
diminishing returns in yield attributes, possibly due to nutrient saturation and ecological impact (Mukta et
al., 2024; Liu et al., 2023).
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Overall, the consistent performance of M2 mulch at all fertilizer levels highlights its importance in
optimizing fruit length, particularly when combined with N1 (200 kg/ha) and N2 (300 kg/ha). This
combination effectively creates a favorable growing environment that supports fruit development.
Treatments N1M2 and N2M2, both resulting in a fruit length of 23.13 cm, illustrate that selecting the
appropriate mulch type can complement fertilizer application to achieve optimal fruit growth and quality
(Bogevska et al., 2022).

Fruit Diameter

The observation results on the fruit diameter of cucumber under NPK fertilizer application and mulch
treatment, along with the analysis of variance, are presented in the figure below. The results indicate that
NPK fertilizer application, type of mulch, and their interaction did not have a significant effect on fruit
diameter.
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Figure 4. Average fruit diameter of cucumber (cm) under NPK fertilization and mulch application.

Figure 4 The interaction between NPK fertilizer dosage (N) and mulch type (M) significantly affected
fruit diameter, as evidenced by the observed results. In the treatment without fertilizer (NO), fruit diameter
ranged from 8.33 cm (MO) to 8.50 cm (M2), indicating that mulch application particularly M2 can have a
positive impact on fruit development even in the absence of nutrient supplementation. This finding aligns
with Guo et al. (2024), who reported that effective mulching not only improves soil physical properties but
also enhances fruit quality. The increased fruit diameter observed in the NOM2 treatment suggests that
mulch can create a favorable microenvironment for fruit growth, as it plays a key role in retaining soil
moisture and regulating temperature both of which are critical for optimal fruit development (Amare & Desta,
2021).

Applying a moderate fertilizer dosage of 200 kg/ha (N1) further increased fruit diameter, ranging from
8.38 cm (MO) to 8.54 cm (M2). This improvement highlights the synergistic effect of mulching and fertilization
on fruit quality. The N1M2 combination, which produced the largest fruit diameter, illustrates the potential of
certain mulch types to enhance nutrient availability and fruit development (Beelagi et al., 2023). Previous
studies have shown that such combinations can optimize not only fruit diameter but also overall yield
performance, reinforcing the importance of integrated nutrient management in agricultural practices (Shao-
ping et al., 2022).

At a higher fertilizer dosage of 300 kg/ha (N2), fruit diameter remained relatively stable with minimal
variation among mulch types 8.53 cm (M0) and 8.54 cm (M1 and M2). The observation that increasing the
fertilizer dosage from 200 to 300 kg/ha did not significantly improve fruit diameter suggests the presence of
a nutrient application threshold, beyond which additional inputs no longer provide meaningful benefits. This
finding is consistent with studies indicating that optimal growth conditions can be achieved without
excessive fertilization, as nutrient oversupply may lead to saturation and inefficient resource use (Horimoto
et al., 2022).

Overall, the results of this study underscore the importance of both fertilization and mulching in
enhancing fruit diameter, particularly when combined with M2 mulch. The best treatments N1M2 and N2M2
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both resulted in a maximum fruit diameter of 8.54 cm, emphasizing the value of selecting the appropriate
mulching strategy alongside fertilizer application to maximize yield parameters. The synergy between these
two factors suggests that integrated management practices combining mulching with optimal fertilization
can substantially improve fruit quality in horticultural crops (Strik & Davis, 2021).
5. Number of Fruits per Plant

The observation results on the number of cucumber fruits per plant under NPK fertilizer application
and mulch treatment, along with the analysis of variance, are presented in the table below. The results
indicate that NPK fertilizer application had a highly significant effect, while the type of mulch and the
interaction between NPK fertilizer and mulch had no significant effect on the number of fruits per plant.

Table 2. Average number of cucumber fruits per plant under NPK fertilization and mulch application.

NPK Fertilizer Mulch Type Average
KO K1 K2
PO 9.67 10.00 10.00 9.89°
P1 11.00 10.00 10.67 10.56°
P2 10.00 11.00 11.00 10.672
LSD 5% 0,45

Note: Least Significant Difference at the 5% significance level Means followed by different letters in the same
column are significantly different based on LSD test at the 5% level.

Based on Table 2, the application of NPK fertilizer significantly increased the number of cucumber fruits
per plant compared to the control (no fertilization). Fertilizer dosages of 200 kg/ha and 300 kg/ha resulted
in higher fruit counts (10.56 and 10.67 fruits per plant, respectively) than without fertilizer (9.89 fruits per
plant), although no significant difference was observed between the two fertilized treatments. Mulching also
influenced yield, but the primary effect stemmed from NPK fertilization.

The presented findings highlight the significant impact of NPK fertilizer dosage and mulch type on
cucumber yield, particularly in terms of the average number of fruits produced per plant. When comparing
cucumber yield at different NPK levels, it is evident that fertilizer application markedly increases fruit
production. Specifically, cucumber plants without NPK produced an average of 9.89 fruits per plant, while
200 kg/ha and 300 kg/ha applications increased this to 10.56 and 10.67 fruits per plant, respectively. This
indicates a positive correlation between fertilizer dosage and fruit yield, aligning with previous research
showing that NPK fertilizers improve growth characteristics and yield in various crops, including cucumber
(Musa et al., 2021; Aluko, 2021).

Furthermore, mulch type also plays an important role in influencing fruit yield. In this study, both silver-
black plastic mulch and straw mulch contributed similarly to average fruit yield at respective NPK levels,
while the no-mulch treatment consistently produced lower yields. This supports earlier studies emphasizing
the importance of mulch in improving water retention and nutrient availability, both of which are critical for
optimal plant growth and yield (Fasina et al., 2021; Bello et al., 2023). The significant increase in average
fruit count per plant in mulched treatments reinforces the idea that mulching improves the plant
microenvironment, thereby enhancing nutrient absorption and overall productivity (Sallam et al., 2021).

The observation that the average number of fruits per plant at 200 kg/ha and 300 kg/ha NPK dosages
did not differ significantly suggests a possible yield saturation point at a certain fertilizer level. The Least
Significant Difference (LSD) value of 0.45 at the 5% significance level indicates that although both fertilized
treatments outperformed the control, increasing the fertilizer rate beyond 300 kg/ha may not result in further
yield gains. These findings emphasize the need for precise fertilizer management to avoid unnecessary
inputs and to mitigate the potential environmental impacts of over-fertilization, such as nutrient leaching
and soil degradation (Chotangui et al., 2022; Orouiji et al., 2023).

In conclusion, the significant increase in cucumber yield due to NPK fertilizer application confirms the
importance of this input in agricultural practices aimed at optimizing fruit production. Supported by various
studies, the integration of NPK fertilization with proper mulching techniques is essential for enhancing
cucumber productivity, thereby justifying the need for further research and wider adoption of these practices
in sustainable agriculture (Aluko, 2021; Fasina et al., 2021; Bello et al., 2023).
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7.

6. Number of Fruits per Plot

The observation results on the number of cucumber fruits per plot under NPK fertilizer application
and mulch treatment, along with the analysis of variance, are presented in the table below. The results
indicate that NPK fertilizer application had a highly significant effect, while the type of mulch and the
interaction between NPK fertilizer and mulch had no significant effect on the number of fruits per plot.

Table 3. Average number of cucumber fruits per plot under NPK fertilization and mulch application.

Mulch Type Average
NPK Fertilizer < - yp = g
PO 57.67 60.00 59.33 59.00P
P1 64.33 59.67 62.33 62.112
P2 61.33 65.00 64.00 63.442
LSD 5 % 2.03

Note: Least Significant Difference at the 5% significance level Means followed by different letters in the same

column are significantly different based on LSD test at the 5% level.

The analysis of the data presented in Table 3 confirms the significant impact of NPK fertilizer application
on cucumber yield. Specifically, the application of NPK at dosage levels of 200 kg/ha and 300 kg/ha resulted
in a notable increase in the average number of fruits per plot compared to the control treatment with 0 kg/ha.
This result aligns with existing literature, which indicates that NPK fertilizers enhance growth parameters and
fruit yields in various horticultural crops, including cucumbers (Abidemi et al., 2021; Lee et al., 2024).

In detail, the findings reveal that while the increase from 0 kg/ha to higher NPK doses significantly
affected fruit yield, there was no statistically significant difference between the yields obtained from 200 kg/ha
and 300 kg/ha. This observation suggests the potential economic efficiency of applying the lower dose of
200 kg/ha, which may already be sufficient to achieve maximum yield without incurring the additional costs
associated with higher fertilizer applications. Previous studies have documented similar trends, showing that
optimized fertilizer application rates can provide economic benefits by reducing input costs without
compromising crop yields (Lee et al., 2024; Chotangui et al., 2022).

The type of mulch used also deserves attention in this discussion. Although variations in mulch
application influence crop yield, the dominant effect of NPK fertilizer on yield improvement indicates that
fertilization is a more critical factor in determining cucumber productivity. Research supports this view,
showing that although organic and biodegradable mulches can positively contribute to soil moisture retention
and fruit quality, the primary driver of growth improvement typically stems from the availability of nutrients
through adequate fertilization (Orouji et al., 2023; Joshi et al., 2022). Therefore, mulching should be regarded
as a complementary practice that enhances the benefits of fertilizer application, rather than a standalone
solution.

The importance of optimizing fertilizer management and mulching strategies cannot be overlooked in
agricultural practices. As highlighted in various studies, improper fertilizer use can lead to environmental
issues such as nutrient leaching and soil degradation (Hou et al., 2023; Nwachukwu et al., 2023). Thus,
further research and field trials are needed to develop a balanced approach that ensures high yields while
maintaining environmental sustainability.

Fruit Weight per Plant

The observation results on cucumber fruit weight per plant under NPK fertilizer application and mulch
treatment, along with the analysis of variance, are presented in the table below. The results show that the
type of mulch had a highly significant effect, while NPK fertilizer application and the interaction between NPK
fertilizer and mulch did not have a significant effect on fruit weight per plant.
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Table 4. Average fruit weight per cucumber plant (g) under NPK fertilization and mulch application.

NPK Fertilize Mulch Type
izer KO K1 K2
PO 3472.90 3749.70 3767.67
P1 3974.67 3698.67 4045.77
P2 3513.00 3994.83 3997.77
Average 3653.52° 3814.40° 3937.07°
NP BNT 0,05 % 8.60

Note: Least Significant Difference at the 5% significance level Means followed by different letters in the same
row are significantly different based on the LSD test at the 5% level.

The results presented in Table 4 clearly demonstrate a significant increase in the average fruit weight
per cucumber plant when mulch is applied. Specifically, the average fruit weight in plots without mulch was
3,653.52 g, which was significantly lower compared to the weight observed with silver-black plastic mulch
(3,814.40 g) and straw mulch (3,937.07 g). These findings confirm the positive impact of mulching on
cucumber production, consistent with agricultural literature indicating that mulching can enhance plant
performance. Mulch generally helps retain soil moisture, regulate soil temperature, and suppress weed
growth factors that contribute to improved plant growth and fruit development (Kehinde-Fadare et al., 2022;
Chotangui et al., 2022).

Both silver-black plastic mulch and straw mulch contributed similarly to the increase in fruit weight,
indicating that either type can be effectively used to improve yield. The absence of a significant difference
between the two mulch types suggests that farmers can make decisions based on availability and cost-
efficiency, rather than solely on effectiveness. Previous studies have emphasized the importance of mulch
material selection, especially in terms of moisture conservation and enhancing nutrient availability
(Chotangui et al., 2022; Raj et al., 2023). For instance, silver-black plastic mulch is known for warming the
soil and accelerating plant growth, while straw mulch increases soil organic matter and microbial activity,
ultimately improving fruit quality (Abidemi et al., 2021).

The significance of the Least Significant Difference (LSD) value of 8.60 at the 5% level reinforces the
statistical reliability of these results. Both mulching treatments significantly increased fruit weight compared
to the no-mulch control, supporting the hypothesis that proper mulching practices can provide tangible
agronomic benefits. This finding is consistent with prior studies showing that nutrient uptake and fertilizer
efficiency can be maximized through appropriate cultivation practices such as mulching (Anjum et al., 2024).

Furthermore, the positive correlation between mulch use and increased fruit weight suggests that
mulching should be widely promoted among cucumber farmers. The integration of mulch with optimized
fertilization strategies may offer even greater benefits, as evidenced by various studies (Musa et al., 2021).
Therefore, adopting mulching as a routine practice in cucumber cultivation can serve as a sustainable
approach to improving crop yields while enhancing soil health.

.Fruit Weight per Plot

The observation results on fruit weight per plot of cucumber under NPK fertilizer application and mulch
treatment, along with the analysis of variance, are presented in the table below. The results indicate that
NPK fertilizer application had a significant effect, while the type of mulch and the interaction between NPK
fertilizer and mulch did not have a significant effect on the fruit weight per plot of cucumber.
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Table 5. Average fruit weight per plot of cucumber (kg) under NPK fertilization and mulch application.
Mulch Type

NPK Fertilizer K0 K1 K2 Average
PO 18.37 18.90 19.13 18.80°
P1 20.51 19.25 20.16 19.982
P2 19.80 19.74 21.98 20.512
LSD 5 % 1.06

Note: Least Significant Difference at the 5% significance level Means followed by different letters in the same
column are significantly different based on LSD test at the 5% level.

The data presented in Table 4 show a significant increase in cucumber fruit weight as a result of NPK
fertilizer application, with average fruit weight per plot rising from 18.80 kg without fertilizer to 19.98 kg at
a dosage of 200 kg/ha and 20.51 kg at 300 kg/ha. This notable increase underscores the crucial role of
NPK fertilizer in enhancing yield potential in cucumber cultivation. Statistical analysis, with an LSD value
of 1.06 at the 5% significance level, indicates no significant difference in fruit weight between the 200 kg/ha
and 300 kg/ha fertilizer dosages, suggesting that 200 kg/ha is already sufficient for optimal growth without
incurring additional costs from higher fertilizer inputs (Sharma et al., 2023).

Previous studies support these findings, demonstrating that NPK fertilizer enhances cucumber growth
indices, including fruit weight, through improved nutrient availability (Musa et al., 2021; Kehinde-Fadare et
al., 2022). These results reflect a similar trend observed in other studies evaluating varying fertilizer
applications, confirming the critical roles of nitrogen, phosphorus, and potassium in achieving optimal
cucumber yields (Chotangui et al., 2022). When NPK dosages are optimized, significant increases in fruit
weight can be achieved, indicating efficient resource use in cucumber farming aligning with sustainable
agriculture methodologies that aim to maximize yield while minimizing waste (Lee et al., 2024).

Moreover, the data indicate that an NPK dosage of 200 kg/ha may be considered the economically
optimal threshold for cucumber production. This aligns with practical farming strategies where growers aim
to balance effectiveness and cost-efficiency, as high input costs may hinder farm sustainability (Almadiy
et al., 2023). Furthermore, applying NPK fertilizer in combination with other cultural practices such as
mulching or organic amendments may yield better results in terms of fruit weight and overall plant health
(Frimpong et al., 2021).

The lack of statistically significant differences between the 200 kg/ha and 300 kg/ha fertilizer
treatments highlights the need for farmers to consider economic limitations in addition to agronomic
recommendations. This reinforces the importance of further research to explore interactions between
various fertilization practices and environmental conditions to optimize yields with lower fertilizer inputs
(Kehinde-Fadare et al., 2022).

9. Productivity

The observation results on cucumber crop productivity under NPK fertilizer application and muilch
treatment, along with the analysis of variance, are presented in the table below. The results indicate that
NPK fertilizer application had a significant effect, while the type of mulch and the interaction between NPK
fertilizer and mulch did not have a significant effect on cucumber productivity.

Table 5. Average fruit weight per plot of cucumber plants (kg) under NPK fertilization and mulch application.

NPK Fertilizer < M::Ch Type = Average
PO 153.07 157.49 159.42 156.66°
P1 170.92 157.91 167.96 165.60°
P2 164.98 164.49 183.18 170.882
LSD 5 % 8.42

Note: Least Significant Difference at the 5% significance level Means followed by different letters in the same
column are significantly different based on LSD test at the 5% level.
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The findings from Table 5 illustrate the significant effect of NPK fertilizer application and mulch use on
the average fruit weight per plot of cucumber plants. At a fertilizer dose of 0 kg/ha, the recorded average
fruit weight was 153.07 g without mulch, 157.49 g with silver-black plastic mulch, and 159.42 g with straw
mulch, resulting in an overall average of 156.66 g. When the NPK dose was increased to 200 kg/ha, a
noticeable improvement was observed: 170.92 g without mulch, 157.91 g with silver-black plastic muich,
and 167.96 g with straw mulch, yielding an overall average of 165.60 g. A further increase in dosage to
300 kg/ha resulted in average fruit weights of 164.98 g (no mulch), 164.49 g (silver-black plastic mulch),
and 183.18 g (straw mulch), with an overall average of 170.88 g. The Least Significant Difference (LSD)
value at the 5% significance level was 8.42, indicating that while both the 200 kg/ha and 300 kg/ha fertilizer
doses significantly improved fruit weight compared to the control, there was no significant difference
between the two fertilizer levels.

These results align with previous studies that demonstrate a positive correlation between NPK fertilizer
application and increased fruit weight in cucumber plants. The essential nutrients provided by NPK—
particularly nitrogen, phosphorus, and potassium—support vegetative growth and fruit development by
enhancing photosynthesis and plant metabolic processes (Chotangui et al., 2022). For instance, nitrogen
plays a key role in the synthesis of amino acids and proteins, which are fundamental to plant growth and
fruit formation (Muhamad, 2023). Phosphorus contributes to root development and energy transfer within
the plant, both of which are critical during fruit setting (Okebalama et al., 2022).

Furthermore, mulch type also interacts with fertilizer application in influencing fruit weight. Although
increasing NPK dosage significantly enhanced yield, mulching practices independently contributed to
maintaining soil moisture and regulating soil temperature, which positively affected plant health and fruit
production. The data indicate that while silver-black plastic mulch and straw mulch resulted in different fruit
weights, their interaction with higher fertilizer doses appeared less critical, as both types performed well at
the tested NPK levels (Pan et al., 2022).

This analysis also highlights that a 200 kg/ha dosage may be more financially beneficial, as it did not
result in a statistically significant increase in fruit weight compared to the 300 kg/ha dosage. Thus, it may
serve as a more cost-effective option for farmers. This finding aligns with sustainable agricultural practices
that emphasize efficient nutrient management, providing sufficient fertilization while minimizing costs and
environmental impacts associated with excessive fertilizer use (Ofoe et al., 2024).

CONCLUSIONS

The application of NPK fertilizer at a dose of 6 g/plant (equivalent to 300 kg/ha) produced the best results
in terms of productivity, yielding 170.88 tons/ha, fruit weight per plot of 20.51 kg, number of fruits per plant of
10.67, and number of fruits per plot of 63.44. The use of straw mulch resulted in the highest fruit weight per
plant, reaching 3,973.07 g. Although the interaction between NPK fertilization and mulch application did not
show a statistically significant effect, a positive trend was observed in the treatment combining 6 g/plant (300
kg/ha) of NPK fertilizer with straw mulch. This combination tended to enhance plant height, flowering time, fruit
length, fruit diameter, and overall productivity.

REFERENCES

Abidemi, A., Ewulo, B., Aiyelari, O., & Hu, J. (2021). Effects of NPK fertilizer and vine care on soil chemical
properties and cucumber (Cucumis sativus L.) growth and yield parameters. International Journal of
Plant & Soil Science, 33(18), 136—151. https://doi.org/10.9734/ijpss/2021/v33i1830584

Adekiya, A., Dahunsi, S., Ayeni, J., Aremu, C., Aboyeji, C., Okunlola, F., & Oyelami, A. (2022). Organic and
in-organic fertilizers effects on the performance of tomato (solanum lycopersicum) and cucumber
(cucumis sativus) grown on soilless medium. Scientific Reports, 12(1). https://doi.org/10.1038/s41598-
022-16497-5

Almadiy, A. A., Shaban, A. E., Ibrahim, A. M., Balhareth, S. M., El-Gioushy, S. F., & Khater, E.-S. G. (2023).
Partially substituting chemical NPK fertilizers and their impact on Eureka lemon trees (Citrus limon L.
Burm) productivity and fruit quality. https://doi.org/10.1038/s41598-023-37457-7


https://doi.org/10.9734/ijpss/2021/v33i1830584
https://doi.org/10.1038/s41598-022-16497-5
https://doi.org/10.1038/s41598-022-16497-5

96

Gajali et al., Response of Growth and Yield Of CUCUMBET .............c.eeueueeeiceeseeeceeivesvveteeiessirsssssssisesvessessessssssssssases

Aluko, M. (2021). Effect of varying npk 15-15-15 fertilizer application rates on growth and yield of cucumis melo
l. (muskmelon). Asian Journal of Research in Crop Science, 20-27.
https://doi.org/10.9734/ajrcs/2021/v6i430123

Amare, G. and Desta, B. (2021). Coloured plastic mulches: impact on soil properties and crop productivity.
Chemical and Biological Technologies in Agriculture, 8(1). https://doi.org/10.1186/s40538-020-00201-
8

Anjum, M., Asif, M., Munir, M., Rafique, M., Anum, R., & Munir, M. (2024). Effects of water stress and NPK
levels on growth and yield attributes of greenhouse-grown cucumbers. Science Letters, 12(1), 43—49.
https://doi.org/10.47262/s1/12.1.132024220

Ayipio, E., Wells, D., Smith, M., & Blanchard, C. (2021). Performance of greenhouse-grown beit alpha
cucumber in pine bark and perlite substrates fertigated with biofloc aquaculture effluent. Horticulturae,
7(6), 144. hitps://doi.org/10.3390/horticulturae7060144

Beelagi, R., Singh, V., Jat, R., Singh, P., Rai, R., Singh, A., & Kumar, P. (2023). Enhancing the fruit yield and
quality in pomegranate: insights into drip irrigation and mulching strategies. Plants, 12(18), 3241.
https://doi.org/10.3390/plants12183241

Bello, A., Huda, S., Chen, Z., Khalid, M., Alsafran, M., & Ahmed, T. (2023). Evaluation of nitrogen and water
management strategies to optimize yield in open field cucumber (cucumis sativus I.) production.
Horticulturae, 9(12), 1336. https://doi.org/10.3390/horticulturae9121336

Bogevska, Z., Popsimonova, G., Agi¢, R., Davitkovska, M., Trajkoska, D., & Sudimac, M. (2022). Length of
vegetation period and fruit set in pepper grown on different types of mulch. Journal of Agricultural Food
and Environmental Sciences, 76(7), 76-82. https://doi.org/10.55302/jafes22767076b

Chotangui, A., Mandou, M., Beyegue-Djonko, H., Tamfuh, P., Atabontsa, D., Waa, S., & Kouam, E. (2022).
Effects of poultry manure, urban waste compost and npk-20-10-10 on the growth, yield and shelf-life
of two varieties of cucumber (cucumis sativus I.) in the western highlands of cameroon. Asian Journal
of Agricultural and Horticultural Research, 148-160. https://doi.org/10.9734/ajahr/2022/v9i4203

Dong, Z., Xue, Z., Chen, Q., Srivas, A., Riaz, M., Liu, X., & Hu, C. (2021). Grass and plastic film mulching
pattern improve soil organic carbon pool, physical properties, fertility and fruit quality of ponkan
orchards.. https://doi.org/10.21203/rs.3.rs-308925/v1

Fasina, A., Shittu, O., Ogunleye, K., llori, A., & Babalola, T. (2021). Effect of drip irrigation frequency, n-
fertilization, and mulching on yield, nitrogen, and water use efficiencies of cucumber (cucumis sativus
[.) in ikole-ekiti, nigeria. Asian Journal of Agriculture and Rural Development, 11(2), 184-191.
https://doi.org/10.18488/journal.ajard.2021.112.184.191

Gaat, B., Kumar, M., Naresh, R., Kumar, S., Kumar, N., Rani, S., & Kumar, R. (2023). Effect of irrigation levels
and straw mulching on yield and water use efficiency of papaya under drip irrigation system.
International  Journal of Environment and Climate Change, 13(10), 693-701.
https://doi.org/10.9734/ijecc/2023/v13i102705

Guo, L., Liu, S., Zhang, P., Hakeem, A., Song, H., Yu, M., & Wang, F. (2024). Effects of different mulching
practices on soil environment and fruit quality in peach orchards. Plants, 13(6), 827.
https://doi.org/10.3390/plants13060827

Hayat, E., Andayani, S., & Hayati, R. (2023). Effect of combination of poultry manure and rice husk biochar on
soil fertility and rice plants. International Journal of Multi Discipline Science (lj-Mds), 6(1), 53.
https://doi.org/10.26737/ij-mds.v6i1.3751

Horimoto, S., Fukuda, K., Yoshimura, J., & Ishida, A. (2022). Fresh-marketable tomato yields enhanced by
moderate weed control and suppressed fruit dehiscence with woodchip mulching. Scientific Reports,


https://doi.org/10.9734/ajrcs/2021/v6i430123
https://doi.org/10.1186/s40538-020-00201-8
https://doi.org/10.1186/s40538-020-00201-8
https://doi.org/10.47262/sl/12.1.132024220
https://doi.org/10.3390/horticulturae7060144
https://doi.org/10.3390/plants12183241
https://doi.org/10.3390/horticulturae9121336
https://doi.org/10.55302/jafes22767076b
https://doi.org/10.9734/ajahr/2022/v9i4203
https://doi.org/10.21203/rs.3.rs-308925/v1
https://doi.org/10.18488/journal.ajard.2021.112.184.191
https://doi.org/10.9734/ijecc/2023/v13i102705
https://doi.org/10.3390/plants13060827
https://doi.org/10.26737/ij-mds.v6i1.3751

97

Gajali et al., Response of Growth and Yield Of CUCUMBET .............c.eeueueeeiceeseeeceeivesvveteeiessirsssssssisesvessessessssssssssases

12(1). https://doi.org/10.1038/s41598-022-15568-x

Hou, P., Deng, X., Wang, J., Xue, L., Zhang, Y., Xu, T., Yang, L. (2023). Fertilization and global warming
impact on paddy CH, emissions. International Journal of Environmental Research and Public Health,
20(6), 4680. https://doi.org/10.3390/ijerph20064680

JENA, J. (2022). Formulation of targeted yield equations for cucumber (cucumis sativus) under rice-vegetable
cropping system in inceptisols. Annals of Plant and Soil Research, 24(3), 496-499.
https://doi.org/10.47815/apsr.2021.10199

Joshi, D., Awasthi, P., Bogati, S., Shah, P., Adhikari, S., Bohara, S., Malla, S. (2022). Effect of different
mulching materials on growth and yield of cucumber (Cucumis sativus cv. Bhaktapur Local), in
Gokuleshwor, Baitadi. Tropical Agrobiodiversity, 3(2), 34-39.
https://doi.org/10.26480/trab.02.2022.34.39

Kartina, R., Rahhutami, R., Darma, W., Putri, S., Tiara, D., Taisa, R., & Ali, F. (2024). Evaluation of impact of
biofertilizer and mulch types on growth and production of tomato cultivar gustavi f1 in lowland areas.
International Journal of Applied Sciences and Smart Technologies, 6(1), 113-124.
https://doi.org/10.24071/ijasst.v6i1.7536

Kehinde-Fadare, A., Olufunke, O., & Olayemi, A. (2022). Effect of organic and inorganic fertilizer on growth,
yield and nutritional quality of cucumber (cucumis sativus). Asian Journal of Agricultural and
Horticultural Research, 1-8. https://doi.org/10.9734/ajahr/2022/v9i330142

Khalifa, R. (2022). Cucumber response to drip irrigation and bio-mineral fertilizers management under
protected cultivation conditions. Journal of Soil Sciences and Agricultural Engineering, 13(12), 403-
411. https://doi.org/10.21608/jssae.2022.178978.1117

Lee, N, Kim, Y., Lee, Y., Lee, C., Song, Y., Park, H., & Lee, Y. (2024). Metabolomics reveals the effects of
nitrogen/phosphorus/potassium (npk) fertilizer levels on cucumber fruit raised in different nutrient soils.
Metabolites, 14(2), 102. https://doi.org/10.3390/metabo14020102

Li, H., Zeng, S., Luo, X, Fang, L., Liang, Z., & Yang, W. (2021). Effects of small ridge and furrow mulching
degradable film on dry direct seeded rice. Scientific Reports, 11(1), Article 2427.
https://doi.org/10.1038/s41598-020-79227-9

Liu, B., Dai, Y., Cheng, X., He, X,, Bei, Q., Wang, Y., & Wang, L. (2023). Straw mulch improves soil carbon
and nitrogen cycle by mediating microbial community structure and function in the maize field.
Frontiers in Microbiology, 14. https://doi.org/10.3389/fmicb.2023.1217966

Meng, Q., Liu, J., & Cao, Z. (2024). Effect of ridge-furrow with plastic mulching and organic amendment on
fertilizer-n fate in maize-soil system: a 15n isotope tracer study. Frontiers in Environmental Science,
12. https://doi.org/10.3389/fenvs.2024.1429391

Liu, B., Dai, Y., Cheng, X., He, X., Bei, Q., Wang, Y., & Wang, L. (2023). Straw mulch improves soil carbon
and nitrogen cycle by mediating microbial community structure and function in the maize field.
Frontiers in Microbiology, 14. https://doi.org/10.3389/fmicb.2023.1217966

Liu, X., Bol, R,, Ge, Z., Ma, N, Li, T., Liu, Y., & Wang, J. (2023). Plastic film mulching maintains soil organic
carbon by increasing fungal necromass carbon under manure application. European Journal of Soil
Science, 74(6). https://doi.org/10.1111/ejss.13433

Meng, Q., Liu, J., & Cao, Z. (2024). Effect of ridge-furrow with plastic mulching and organic amendment on
fertilizer-n fate in maize-soil system: a 15n isotope tracer study. Frontiers in Environmental Science,
12. https://doi.org/10.3389/fenvs.2024.1429391

Molata, T., Mosebi, P., Oluremi, O., & Molapo, S. (2023). Evaluation of tillage and mulch practices on the
growth of selected cereal and legume crops in the foothills agro-ecological zone of lesotho. Asian
Journal of Research in Crop Science, 8(4), 39-48. https://doi.org/10.9734/ajrcs/2023/v8i4186



https://doi.org/10.1038/s41598-022-15568-x
https://doi.org/10.3390/ijerph20064680
https://doi.org/10.47815/apsr.2021.10199
https://doi.org/10.26480/trab.02.2022.34.39
https://doi.org/10.24071/ijasst.v6i1.7536
https://doi.org/10.9734/ajahr/2022/v9i330142
https://doi.org/10.21608/jssae.2022.178978.1117
https://doi.org/10.3390/metabo14020102
https://doi.org/10.1038/s41598-020-79227-9
https://doi.org/10.3389/fmicb.2023.1217966
https://doi.org/10.3389/fenvs.2024.1429391
https://doi.org/10.3389/fmicb.2023.1217966
https://doi.org/10.1111/ejss.13433
https://doi.org/10.3389/fenvs.2024.1429391
https://doi.org/10.9734/ajrcs/2023/v8i4186

98

Gajali et al., Response of Growth and Yield Of CUCUMBET .............c.eeueueeeiceeseeeceeivesvveteeiessirsssssssisesvessessessssssssssases

Muhamad, F. (2023). The effect of fertilizer use on organic melon plants quality. Indonesian Journal of
Multidisciplinary Science, 3(2), 132—138. https://doi.org/10.55324/ijoms.v3i2.714

Mukta, M., Haque, M., Hossin, M., Hoque, M., Uddin, M., Islam, M., & Islam, M. (2024). Enhancing bitter gourd
production in coastal saline soil of bangladesh by mulching and fertilizing with potassium. Asian Soil
Research Journal, 8(1), 33-45. https://doi.org/10.9734/asrj/2024/v8i1143

Musa, U., Yusuf, M., & Olukotun, D. (2021). Effect of varying levels of poultry manure and inorganic fertilizer
on the growth and yield of cucumber in anyigba, kogi state. American Journal of Agricultural Science
Engineering and Technology, 5(2), 326-338. https://doi.org/10.54536/ajaset.v5i2.105

Nwachukwu, C., Okoro, A., Nwanna, E., & Umobi, C. (2023). Application of response surface methodology
(RSM) to cucumber yield under different tillage methods. Journal of Engineering Research and
Reports, 25(4), 1-8. https://doi.org/10.9734/jerr/2023/v25i4897

Ofoe, R., Mousavi, S., Thomas, R., & Abbey, L. (2024). Foliar application of pyroligneous acid acts
synergistically with fertilizer to improve the productivity and phytochemical properties of greenhouse-
grown tomato. Scientific Reports, 14(1), Article 52026. https://doi.org/10.1038/s41598-024-52026-2

Okebalama, C., Asogwa, K., Uzoh, I., & Marschner, B. (2022). Impact of Bambara seed residue biochar and
NPK on soil fertility, aggregate carbon and nitrogen concentrations and yield of cucumber. Agro-
Science, 21(2), 53-65. https://doi.org/10.4314/as.v21i2.6

Orouji, E., baba, M., Sadeghi, A., Gharanijik, S., & Koobaz, P. (2023). Specific streptomyces strain enhances
the growth, defensive mechanism, and fruit quality of cucumber by minimizing its fertilizer
consumption. BMC Plant Biology, 23(1). https://doi.org/10.1186/s12870-023-04259-y

Pan, F., Pan, S., Tang, J., Yuan, J., Zhang, H., & Chen, B. (2022). Fertilization practices: Optimization in
greenhouse vegetable cultivation with different planting years. Sustainability, 14(13), 7543.
https://doi.org/10.3390/su14137543

Panthi, B., Shreevastav, C., Kattel, D., & Dahal, J. (2023). Differential response of spacing and mulching
materials on growth and yield of okra (Abelmoschus esculentus L.) in Morang, Nepal. Food and Agri
Economics Review, 3(2), 55-60. https://doi.org/10.26480/faer.02.2023.55.60

Rafiuddin, R., Ridwan, I., & Syam, A. (2023). Growth and production of garlic (allium sativum I.) in the lowland
on various types of mulch. lop Conference Series Earth and Environmental Science, 1230(1), 012221.
https://doi.org/10.1088/1755-1315/1230/1/012221

Raj, A., Bhadur, V., & Topno, S. (2023). Effect of different concentrations of liquid N, P & K on growth, yield
and quality of cucumber (Cucumis sativus L.) in vertical hydroponics under shade net. International
Journal of Environment and Climate Change, 13(9), 3194-3199.
https://doi.org/10.97 34/ijecc/2023/v13i92681

Reddy, D., Lalitha, R., Kannan, S., & Raviraj, A. (2021). Effect of different cladding material and mulching on
the growth and yield of cucumber (cucumis sativus) under forced ventilated greenhouse system.
International Journal of Environment and Climate Change, 115-125.
https://doi.org/10.9734/ijecc/2021/v11i330382

Rivers, E., Ukatu, P., Nwune, U., Okoroafor, P., & Nwaosu, U. (2024). Comparative efficacy of organic
mulching and organic neem oil in the control of spotted and striped cucumber beetles affecting the
growth and yield of cucumber in uyo, akwa ibom state. International Journal of Life Science and
Agriculture Research, 03(06). https://doi.org/10.55677/ijlsar/v03i6y2024-06

Salah, M., Abdi, M., Ahmed, M., Kahie, M., & Sivakumar, A. (2024). The usage of marine plant-based bio-
fertilizer for tomato growing in Mogadishu, Somalia. Black Sea Journal of Agriculture, 7(3), 197-202.
https://doi.org/10.47115/bsagriculture. 1356085

Sallam, B., LU, T., Yu, H., Li, Q., Sarfraz, Z., Igbal, M., & Jiang, W. (2021). Productivity enhancement of


https://doi.org/10.55324/ijoms.v3i2.714
https://doi.org/10.9734/asrj/2024/v8i1143
https://doi.org/10.54536/ajaset.v5i2.105
https://doi.org/10.9734/jerr/2023/v25i4897
https://doi.org/10.1038/s41598-024-52026-2
https://doi.org/10.4314/as.v21i2.6
https://doi.org/10.1186/s12870-023-04259-y
https://doi.org/10.3390/su14137543
https://doi.org/10.26480/faer.02.2023.55.60
https://doi.org/10.1088/1755-1315/1230/1/012221
https://doi.org/10.9734/ijecc/2023/v13i92681
https://doi.org/10.9734/ijecc/2021/v11i330382
https://doi.org/10.55677/ijlsar/v03i6y2024-06
https://doi.org/10.47115/bsagriculture.1356085

99

Gajali et al., Response of Growth and Yield Of CUCUMBET .............c.eeueueeeiceeseeeceeivesvveteeiessirsssssssisesvessessessssssssssases

cucumber (cucumis sativus I.) through optimized use of poultry manure and mineral fertilizers under
greenhouse cultivation. Horticulturae, 7(8), 256. https://doi.org/10.3390/horticulturae7080256

Satria, M., Hawayanti, E., Marlina, N., & Sebayang, N. (2022). Application of plant biomass compost and the
use of several types of mulch on the growth and production of red onion (Allium ascalonicum L.).
Biotik: Jurnal  limiah Biologi Teknologi  dan Kependidikan, 10(2), 206-214.
https://doi.org/10.22373/biotik.v10i2.12906

Shao-ping, D., Zhongming, M., Chen, J., Liang, X., Tang, C., Shareef, T., & Siddique, K. (2022). Effects of
organic fertilizer proportion on the distribution of soil aggregates and their associated organic carbon
in a field mulched with gravel. Scientific Reports, 12(1). https://doi.org/10.1038/s41598-022-15110-z

Sharma, S., Sharma, C., Shukla, R., Negi, M., & Sharma, K. (2023). Evaluation of integrated application of
organic and inorganic nutrient sources on growth and nutrient uptake by cucumber (Cucumis sativus
L.). IUE. https://doi.org/10.55362/ije/2023/3907

Sousa, V., Zuffo, A., Ratke, R., Aguilera, J., Fonseca, W., Santos, A., & Mezzomo, R. (2023). Correlations of
agronomic characteristics of soybean cultivated with the use of organomineral fertilizers.
Contribuciones a Las Ciencias Sociales, 16(10), 21532-21544.
https://doi.org/10.55905/revconv.16n.10-169

Strik, B. and Davis, A. (2021). Individual and combined use of sawdust and weed mat mulch in a new planting
of northern highbush blueberry. iii. yield, fruit quality, and costs. Hortscience, 56(3), 363-367.
https://doi.org/10.21273/hortsci15659-20

Verma, P., Kumar, D., Kumar, B., Padalia, R., & Kumar, A. (2023). Flower yield potential of pyrethrum
(Chrysanthemum cinerariaefolium I.) under various npk levels in the lower hills of uttarakhand, india.
Journal of Agricultural Sciences — Sri Lanka, 18(3), 432-442. https://doi.org/10.4038/jas.v18i3.9811

Vialle, L., Coelho, E., & Alves, R. (2024). Development and production of curly and iceberg lettuce under the
influence of different types of mulch. Revista Agrogeoambiental, 16(Unico), e€20241812.
https://doi.org/10.18406/2316-1817v16nunico20241812

Winarso, S. (2025). Effectiveness of combined organic fertilizer and mulching on ramie biomass production
(boehmeria nivea I. gaudich). lop Conference Series Earth and Environmental Science, 1497(1),
012005. https://doi.org/10.1088/1755-1315/1497/1/012005

Xu, J., Wang, Y., Chen, Y., He, W., Li, X., & Cui, J. (2023). Identifying the influencing factors of plastic film
mulching on improving the yield and water use efficiency of potato in the northwest china. Water,
15(12), 2279. https://doi.org/10.3390/w15122279

Yan, H., Ma, J., Zhang, J., Wang, G., Zhang, C., Akhlaq, M., & Yu, J. (2022). Effects of film mulching on the
physiological and morphological parameters and yield of cucumber under insufficient drip irrigation.
Irrigation and Drainage, 71(4), 897-911. https://doi.org/10.1002/ird.2712

Zhai, J., Zhang, G., Zhang, Y., Xu, W, Xie, R., Ming, B., & Li, S. (2022). Effect of the rate of nitrogen application
on dry matter accumulation and yield formation of densely planted maize. Sustainability, 14(22),
14940. https://doi.org/10.3390/su142214940



https://doi.org/10.3390/horticulturae7080256
https://doi.org/10.22373/biotik.v10i2.12906
https://doi.org/10.1038/s41598-022-15110-z
https://doi.org/10.55362/ije/2023/3907
https://doi.org/10.55905/revconv.16n.10-169
https://doi.org/10.21273/hortsci15659-20
https://doi.org/10.4038/jas.v18i3.9811
https://doi.org/10.18406/2316-1817v16nunico20241812
https://doi.org/10.1088/1755-1315/1497/1/012005
https://doi.org/10.3390/w15122279
https://doi.org/10.1002/ird.2712
https://doi.org/10.3390/su142214940

