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ABSTRACT

This study aimed to determine the optimal combination of soil amendments and basal fertilizer application to maximize
cucumber yield. A factorial experiment was conducted in 2021, assessing the effects of two factors: soil amendments (cow
manure and raw rice husk) and basal fertilizer application (with and without). The experiment employed a Randomized
Complete Block Design (RCBD) with two replications. Soil analysis prior to the experiment revealed low nitrogen, high
phosphorus, and high potassium levels. Data on cucumber yield, plant biomass, and nutrient use efficiency were collected
and analyzed using ANOVA and Duncan's Multiple Range Test (DMRT). Results showed that cow manure significantly
increased cucumber yield compared to rice husk. The combination of basal fertilizer and cow manure resulted in the highest
yield and most efficient nutrient use. These findings highlight the importance of integrated soil fertility management strategies
for maximizing cucumber production. The interaction between organic amendments and basal fertilizer application significantly
impacted cucumber growth and yield.
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INTRODUCTION

Optimal plant growth and yield are
fundamentally dependent on the balanced
availability and efficient uptake of essential
macronutrients (nitrogen, phosphorus,
potassium) and micronutrients. Deficiencies in
any of these nutrients can lead to stunted
growth, reduced vyield, and increased
susceptibility to diseases, highlighting the
importance of precise nutrient management
(Wang et al., 2024). Soil nutrient availability is
inherently variable, influenced by a complex
interplay of factors including parent material,
weathering processes, previous fertilization
practices, microbial activity, and the specific
nutrient demands of the cultivated crop. A
thorough understanding of soil formation
(CLORPT: climate, organisms, relief, parent
material, time) is therefore crucial, as each
factor significantly influences the nutrient
content and availability within the soil profile.

The practice of repeated cropping
significantly alters soil nutrient status over
time. Successive harvests deplete available
nutrients, necessitating replenishment
through fertilization to maintain soil fertility and
productivity. The specific nutrient demands of
the cultivated crop greatly influence depletion
patterns, with some crops exhibiting a
stronger preference for certain nutrients than
others (Noulas et al., 2023). Continuous
cropping without adequate nutrient
replenishment can lead to soil degradation,
reduced fertility, and decreased crop yields,
underscoring the importance of sustainable
nutrient management practices (Kartini et al.,
2024). Effective agricultural management
requires a comprehensive understanding of
soil physical (texture, structure, porosity,
water holding capacity), chemical (pH, nutrient
levels, organic matter, cation exchange
capacity), and biological (microbial biomass,
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enzyme activity) properties. Regular soil
testing is therefore paramount for identifying
nutrient deficiencies or excesses, guiding the
selection of appropriate fertilizers and
application rates, and optimizing nutrient use
efficiency while minimizing environmental
pollution from excess fertilizer (Sarma,
Talukdar, et al., 2024).

The strategic use of basal fertilizers
provides an initial, concentrated supply of
essential nutrients, crucial for establishing
robust root systems and promoting early
vegetative growth. However, the timing and
amount of basal fertilizer application must be
carefully calibrated to avoid nutrient
imbalances or losses, emphasizing the need
for site-specific recommendations based on
soil testing (Sarma, Talukdar, et al., 2024).
Soil amendments, such as farmyard manure
and rice husk, play a complementary role in
enhancing nutrient availability and improving
soil health. Farmyard manure, rich in organic
matter and nutrients, improves soil structure,
water retention, and nutrient availability
through slow-release mechanisms and
enhanced microbial activity. Rice husk, while
not a direct source of readily available
nutrients, primarily enhances soil physical
properties such as porosity and drainage,
indirectly benefiting nutrient uptake by
improving root penetration and aeration
(Sarma, Talukdar, et al., 2024). The combined
application of basal fertilizers and sail
amendments aims to create a synergistic
effect, maximizing nutrient availability and
utilization while promoting overall soil health.

Integrated Nutrient Management (INM),
the integration of organic and inorganic
nutrient sources, is increasingly recognized as
a sustainable approach to crop production.
INM leverages the benefits of organic
amendments, such as improved soil structure
and water retention, while simultaneously
providing readily available nutrients through
inorganic fertilizers (Meena & Reddy, 2021).
This approach aims to optimize crop yields
while minimizing environmental impacts by
reducing reliance on synthetic fertilizers and
promoting soil biodiversity. The selection of
appropriate  organic amendments and
inorganic fertilizers should be guided by site-
specific soil conditions and crop nutrient
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requirements. While extensive research
supports the benefits of both organic
amendments and balanced fertilization,
further investigation is needed to optimize
strategies for specific soil types and cropping
systems. Long-term studies are crucial to
assess the sustainability of different
management practices, and research on the
interaction between organic amendments and
inorganic fertilizers is essential for developing
effective integrated nutrient management
strategies. Economic and environmental
analyses of different approaches are also
necessary for ensuring the long-term viability
and sustainability of these practices.

The inherent variability in soil properties
necessitates site-specific nutrient
management strategies. Factors such as soil
texture (sandy, clay, loam), organic matter
content, cation exchange capacity (CEC), and
pH significantly influence nutrient availability
and plant uptake. Clay soils, for example,
often exhibit high water retention but can
suffer from poor aeration and restricted root
penetration, impacting nutrient uptake.
Conversely, sandy soils, while well-drained,
may have low water retention and nutrient-
holding capacity (Shaheb et al., 2021).
Understanding these variations is crucial for
tailoring fertilizer application rates and
selecting appropriate soil amendments to
optimize nutrient use efficiency and minimize
losses due to leaching or volatilization. The
integration of soil testing into nutrient
management strategies is essential for
identifying specific nutrient deficiencies or
excesses, guiding the selection of appropriate
fertilizers and amendments, and optimizing
application rates (de Sousa & Moreira, 2024).
This site-specific approach is crucial for
maximizing crop vyields while minimizing
environmental impacts associated with
excessive fertilizer use.

The choice of fertilizer type and
application method also significantly impacts
nutrient availability and uptake. While
inorganic fertilizers provide readily available
nutrients, their use can lead to nutrient
imbalances and environmental concerns if not
carefully managed. Organic amendments,
such as farmyard manure and compost, offer
a more sustainable approach by improving
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soil structure, enhancing water retention, and
providing a slow-release source of nutrients
(Singh et al., 2024). However, the nutrient
content of organic amendments can vary
considerably, requiring careful consideration
when  formulating integrated  nutrient
management strategies. The timing of
fertilizer application is also critical, with early-
season applications providing a foundation for
early growth while later applications address
nutrient demands during specific growth
stages. Furthermore, the interaction between
different nutrient elements and their impact on
overall plant growth and vyield must be
considered when developing effective
fertilization strategies (Sarma, Borah, et al.,
2024). A balanced approach that considers
the specific needs of the crop, the
characteristics of the soil, and the
environmental conditions is essential for
maximizing nutrient use efficiency and
achieving sustainable crop production.

The nutrient use efficiency (NUE) of
different crops and management practices is
a crucial consideration in sustainable
agriculture. NUE refers to the plant's ability to
absorb and utilize nutrients for growth and
yield. Improving NUE is crucial for reducing
fertilizer inputs, minimizing environmental
impacts, and enhancing the economic viability
of agricultural practices. Factors influencing
NUE include nutrient availability, plant
genotype, and environmental conditions.
Strategies to improve NUE include balanced
fertilization, efficient irrigation, and the use of
nutrient-efficient crop varieties (Suman et al.,
2023). Furthermore, understanding the
interactions  between different  nutrient
elements and their impact on overall plant
growth and vyield is critical for developing
effective fertilization strategies.

This research aims to optimize
cucumber yield and nutrient use efficiency by
determining the optimal combination of basal
fertilizers and soil amendments (farmyard
manure and rice husk) under specific soil
conditions  characterized by  nutrient
imbalances (e.g., low nitrogen, high
phosphorus, high potassium). The study
employs a novel integrated approach,
combining organic and inorganic fertilization
strategies within a factorial experimental
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design to analyze their interactive effects on
cucumber growth and yield parameters. This
detailed analysis, including nutrient use
efficiency calculations, provides site-specific
recommendations for improving cucumber
production in similar agricultural environments
while promoting sustainable practices.

MATERIALS AND METHODS

This research employed a quantitative
research paradigm using a factorial
experimental design. The experiment
investigated the interactive effects of two
factors: (1) soil amendments (cow manure
and raw rice husk) and (2) basal fertilizer
application (with and without). A Randomized
Complete Block Design (RCBD) with two
replications was utilized to minimize the
impact of environmental variability on the
results. In an RCBD, treatments are randomly
assigned within each block, which is a
relatively homogenous subset of the
experimental area. This design controls for
spatial variation in soil fertility or other
environmental factors that might confound the
results. Each replication consisted of a single
bed, approximately 20 meters in length,
containing  80-100  cucumber  plants.
Therefore, each treatment consisted of 3
beds, resulting in a total of 240-300 plants per
treatment.

The field experiment was conducted at
Campaka Village, Benteng District,
Purwakarta Regency, West Java Province,
Indonesia, in 2021. The experimental plots
were prepared according to standard
agricultural practices, including land clearing,
plowing, and mulching. Soil amendments
(cow manure and raw rice husk) were applied
according to the experimental design,
followed by planting cucumber seedlings.
Standard agricultural practices, including
irrigation, pest and weed control, were
consistently applied across all plots to ensure
uniformity. All soil analyses and plant tissue
analyses (N, P, K content) were conducted by
PT Pupuk Kujang Cikampek. The N, P, and K
content of the farmyard manure was assumed
to be 0.4%, 0.2%, and 0.1%, respectively
(Hariatik, 2014). Calculations of total N, P, and
K levels after amendment application were
made by summing the N, P, and K values from
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the soil analysis (conducted by PT Pupuk
Kujang Cikampek) and the N, P, and K values
of the farmyard manure obtained from the
literature.

Data were collected on plant growth
parameters (stem diameter, number of
branches, shoot dry weight, and plant dry
weight) and yield components (total number of
fruits, fruit weight, fruit weight per plant, and
fruit dry weight per plant). Data on nutrient
content in plant tissues (N, P, K) were
collected at harvest. The efficiency of nutrient
uptake (N, P, and K) was calculated using the
following formula:

Efficiency (%) = [(Nutrient in plant
(mg/plant) / Nutrient applied (mg/plant)] x 100

Data were analyzed using Analysis of
Variance (ANOVA) to determine the statistical
significance of the treatment effects. Duncan's
Multiple Range Test (DMRT) was used for
post-hoc comparisons to identify significant
differences between treatment means.
Correlation analysis was performed to
examine the relationships between different
variables. The results were presented using
tables and figures to facilitate interpretation
and understanding.

RESULTS AND DISCUSSION
Description of Soil Nutrients Status

Based on soil analyses (Table 1), the
N, P, and K content in research plot was 180
kg/ha, 260 kg/ha, and 96 kg/ha, respectively
(assuming a soil weight of 2,000,000 kg per
hectare). The amount of basal N, P, and K
applied followed Balitsa’s recommendation
was 100 kg/ha, 72 kg/ha, and 120 kg/ha,
respectively. The topdressing fertilizer
commonly used by local farmers consisted of
1 kg of NPK Mutiara 16-16-16 per 200 L of
water, applied at 200 mL per planting hole.
The topdressing fertilizer applied three times
and the supplemented with 10 g of fertilizer
per plant applied via topdressing. Assuming a
cucumber population of 40,000 plants per
hectare with a planting distance of 30 x 60 cm,
the amount of NPK fertilizer applied via
topdressing was 115.2 kg/ha for each nutrient.
This trial did not analyze the nutrient content
of the farmyard manure and raw rice husk;
therefore, the data obtained are based on
references.
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Table 1. Result of soil analysis in research plot

Parameters Unit Value
pH -
- H20 7.3
- KCI (neutral)
5.8
Exchangeable Cmol(+)/kg
cation
- Al 0.76
- H
P20s (Olsen) ppm 151 (very
P20s (HCI 25%) mg/100 g high)
127 (very
high)
K20 (HCI 25%) mg/100 g 48 (high)
N Total % 0.09
(very
high)
C organic % 4.1 (high)
C/N Ratio % 45.56
(very
high)

Figure 1. show that the application of
basal fertilizer, regardless of soil amendment,
resulted in significantly higher levels of N, P,
and K in the plants compared to treatments
without basal fertilizer. For example, the basal
fertilizer treatments show N levels ranging
from 395.2 to 475.2 units, while the treatments
without basal fertilizer show N levels between
295.2 and 462.2 units. A similar trend is
observed for P and K. This significant increase
reflects the combined effect of the readily
available nutrients from the basal fertilizer and
the substantial nutrient contribution of the
farmyard manure. The high levels of
phosphorus, in particular, are noteworthy and
may reflect the inherent phosphorus content
of the farmyard manure, a common
characteristic of this type of organic
amendment (S. Xie et al., 2023). The
substantial increase in potassium also
suggests a significant contribution from the
farmyard manure. In contrast, the treatments
without basal fertilizer and either with rice husk
or without any soil amendment showed the
lowest NPK levels, highlighting the importance
of both inorganic and organic nutrient sources
for optimal soil fertility. The rice husk, at the
time of measurement, did not contribute to
nutrient levels, indicating that its
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decomposition and nutrient release were not
yet significant during the experimental period.
This is consistent with the known slow
decomposition rate of rice husk, which
primarily contributes to improved soil structure
rather than immediate nutrient availability
(Zhao et al., 2024).

Figure 1. The amount of N, P, and K after
amendment materials and basal fertilizer

applied

However, both rice husk and farmyard
manure decreased soil bulk density,
improving soil porosity (1.01 g/cm® in the
control, 0.7889 g/cm? with rice husk, and 0.94
g/lcm® with farmyard manure). This
improvement in soil structure is a crucial factor
influencing nutrient availability and root
penetration. The reduced bulk density
indicates improved aeration and water
infiltration, creating a more favorable
environment for root growth and nutrient
uptake. The lower bulk density in the rice husk
treatment, despite its lack of immediate
nutrient contribution, highlights its beneficial
effect on soil physical properties. The
amounts of NPK applied through basal
fertilizer (100 kg/ha N, 72 kg/ha P, 120 kg/ha
K), top-dressing fertilizer (115.2 kg/ha of each
nutrient), and the estimated nutrient content of
the farmyard manure contributed to the final
NPK levels observed in each treatment. The
observed differences in NPK levels across
treatments underscore the complex interplay
between fertilizer type, application method,
and soil amendment effects. Further research
could investigate the optimal balance between
these factors to maximize nutrient use
efficiency and minimize environmental
impacts. Specifically, determining the precise
nutrient content of the farmyard manure would
allow for a more accurate assessment of its
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contribution to the overall nutrient balance in
each treatment.

The contrasting effects of farmyard
manure and rice husk on nutrient availability
are evident in their differing mechanisms.
Farmyard manure acts as a slow-release
fertilizer, providing a sustained supply of
nutrients through the gradual decomposition
of organic matter. This process improves soll
structure, increasing water retention and
aeration, which in turn stimulates microbial
activity and nutrient mineralization (Zhao et
al.,, 2024). The enhanced organic matter
content significantly raises the cation
exchange capacity (CEC), resulting in greater
nutrient retention within the soil and reduced
leaching losses (Bashir et al.,, 2021). In
contrast, rice husk, while not a direct source of
readily available nutrients at the time of
application, significantly improves soil
physical  properties. Ilts  incorporation
enhances porosity and water infiltration,
leading to better root penetration and aeration,
thereby indirectly promoting nutrient uptake.
While the rice husk will eventually decompose
and release nutrients, this is a slower process
compared to the immediate nutrient release
from the farmyard manure (Omar et al., 2021).
Therefore, the observed differences in plant
growth likely reflect the immediate nutrient
availability from the manure versus the longer-
term, indirect benefits of improved soil
structure provided by the rice husk.

The application of basal fertilizer at
the beginning of the growing season provides
a crucial foundation for plant development.
This initial surge of nutrients is vital for
establishing a strong root system and
promoting early vegetative growth (Kang et
al., 2022). The carefully chosen NPK ratio in
the basal fertilizer ensures that the plant has
the necessary building blocks for healthy leaf
development, stem elongation, and overall
structural integrity. Without this initial nutrient
boost, plants may experience stunted growth
and reduced overall vigor, making them more
susceptible to stress and disease (Kang et al.,
2022). The timing and composition of the
basal fertiizer are critical factors in
determining the success of the subsequent
growth stages.
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Topdressing fertilizer plays a vital role
in sustaining nutrient supply throughout the
plant's life cycle. Unlike the initial,
concentrated application of basal fertilizer,
topdressing provides a more gradual and
continuous release of nutrients. This is
particularly important during periods of rapid
growth, such as flowering and fruiting, when
nutrient demands are significantly higher. The
frequency and amount of topdressing are
adjusted based on the crop's specific needs
and the observed nutrient levels in the soil. By
providing a continuous supply of essential
nutrients, topdressing helps to maximize yield
potential and ensure the production of high-
quality produce (Ma et al.,, 2023). Without
topdressing, nutrient deficiencies might arise,
leading to reduced yield and compromised
fruit quality.

The incorporation of farmyard manure
offers a unique approach to nutrient
management, going beyond the simple
provision of NPK. Its role extends to improving
the overall soil health and creating a more
favorable environment for nutrient uptake. The
slow-release nature of the nutrients in
farmyard manure provides a sustained supply
over time, minimizing the risk of nutrient
leaching and maximizing nutrient availability
to the plant. Furthermore, the organic matter
in farmyard manure enhances soil structure,
increasing water retention and aeration. This
improved  soil environment promotes
beneficial microbial activity, leading to
enhanced nutrient cycling and mineralization,
making existing soil nutrients more readily
available to the plants. The synergistic effect
of improved soil health and sustained nutrient
release from farmyard manure contributes
significantly to increased plant growth and
yield.

The Impact of Amendment Materials and
Basal Fertilizers in Growth and Yield of
Cucumber Plants

Analysis of variance (ANOVA) in Table
2 revealed a significant interaction effect
between basal fertilizer application and soil
amendment type on several key cucumber
growth parameters. Specifically, the combined
application of basal fertiizer and sail
amendments significantly influenced stem
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diameter (p=0.001), number of branches
(p=0.001), fruit weight per plant (p=0.037),
overall efficiency (p=0.01), nitrogen content in
the plant (p=0.04), phosphorus content in the
plant (p=0.001), and potassium content in the
plant (p=0.046). This indicates that the effect
of basal fertilizer on these parameters was
dependent on the type of soil amendment
used, and vice versa, highlighting a complex
interplay between these factors. The
synergistic or antagonistic effects observed
underscore the importance of considering
both factors simultaneously when optimizing
cucumber cultivation practices.

In addition to the interaction effects, the
ANOVA also indicated significant main effects
for both basal fertilizer and soil amendments
on specific parameters. Basal fertilizer
application alone significantly affected fruit
weight per plant (p=0.115). This suggests that
the readily available nutrients from the basal
fertilizer played a crucial role in enhancing fruit
production, even in the absence of soil
amendments. However, the magnitude of this
effect was likely modulated by the type and
amount of soil amendment present, as
evidenced by the significant interaction effect.
The main effect of soil amendments was also
significant for fruit weight per plant (p=0.069),
indicating that the improved soil structure and
nutrient release associated with these
amendments contributed independently to
fruit yield. This suggests that soil
amendments, while not directly providing
readily available nutrients to the same extent
as basal fertilizer, still play a crucial role in
plant growth and yield.

The significant interaction effects
observed for stem diameter, number of
branches, efficiency, and nutrient content (N,
P, K) further emphasize the complex
relationship between basal fertilizer and soil
amendments. The observed effects are likely
due to a combination of factors, including the
provision of readily available nutrients by the
basal fertilizer, improved soil structure and
water retention by the amendments, and
enhanced nutrient mineralization by soil
microbes. The specific nature of these
interactions would require further
investigation, potentially involving detailed
analysis of soil properties and plant nutrient
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E&TEE%L? 137578 18 amendment treatments. The data reveal that

Plant the basal fertilizer + farmyard manure
treatment resulted in the most significant

Fruit 4661389 18 .

Weight per 0 improvements across most growth

Plant

parameters. This treatment showed the
largest stem diameter (12 cm), the highest

Fruit Dry 59280.7 18
Deight per L number of branches (3.45), the greatest
number of fruits per plant (10.73), the highest
Plant Dry 100498. 18 total fruit weight per plant (1826.04 g), and the
Wetsht 2 highest fruit dry weight per plant (69.99 g). It
\fvh;;;f)w 3016t 18 also resulted in a relatively high plant dry
weight (73.5 g) and shoot dry weight (143.49
Efficiency 153388 18 g), and the highest efficiency (95.24%). These
N'in Plant 99092818 results strongly suggest a synergistic effect
P in Plant 115685, 18 between basal fertilizer and farmyard manure,
i Plant 139762 i maximizing both vegetative growth and fruit
’ production.

Table 3. presents the results of a
cucumber growth experiment comparing the
effects of different fertilizer and soil

Table 3. Ducan’s Multiple Range Test on observed variables

Number Number . Plant Shoot
Treatments _Stem of of .Plant F.FUIt Dry Dry Dry Efficiency
Diameter Branches  Fruit/Plant Welght/Plant  Weight/Plant Weight  Weight
Basal 9.91 2.76 8.60 1370.96 54.08 70.17 132.83 77.06
Fertilizer +
No
Amendment b b b b bc b a b
Materials
No Basal 9.40 2.82 8.42 1461.39 57.78 72.43 135.33 72.02
Fertilizer +
Farmyard b ab b b b a a b
Manure
Basal 10.14 3.00 8.47 1254.23 60.89 78.25 122.73 76.13
F;IZZ"HZE;:’ b ab b b b a ¢ b
No Basal 10.01 3.04 8.81 2200.28 49.79 63.94 118.65 70.16
Fertilizer +
No
Amendment b b b b bc c c b
Materials
No Basal 12.88 3.27 8.23 1385.42 47.83 64.76 130.43 73.66
FFSZZIIHZEZI: a a b b c c b b
Basal 11.05 3.56 9.75 1674.18 70.58 67.70 135.03 95.35
Fertilizer +
Farmyard a a a a a bc a a
Manure

dataset, excessively large plants or those with

Several negative correlations are many branches did not necessarily translate
presented in Table 4, notably between stem to higher fruit yields. The negative correlation
diameter and number of branches with plant between plant dry weight and efficiency (r = -
dry weight (r = -0.46 and r = -0.25) and fruit 0.17) is also noteworthy and requires further
dry weight (r = -0.45 and r = -0.27). This investigation. It might indicate that in this

unexpected result suggests that in this
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specific dataset, a higher plant dry weight did
not always correspond to higher efficiency.
The observation that the highest plant dry
weights were achieved without basal fertilizer
but with the addition of organic amendments
warrants further investigation. This
unexpected result highlights the importance of
considering pre-existing soil fertility and the
immediate impact of soil amendments on
water availability and aeration. The farmyard
manure and rice husk likely improved soil
structure, leading to enhanced water retention
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and root penetration, thereby increasing
nutrient uptake from the existing soil nutrient
pool. This suggests that in situations with
sufficient inherent soil fertility, the immediate
benefits of improved soil structure might
outweigh the added nutrient input from basal
fertilizer, at least in the early growth stages.
Further research could explore the optimal
balance between soil amendment application
and basal fertilization based on initial soil
nutrient levels.

Table 4. Correlation analyses on cucumber growth and yield parameters

Total Total Total Fruit Number  Plant Fruit Shoot Efficien
Fruit Fruit/  Fruit Weight/ Diameter of Dry Dry Weight ¢
Number Plant  Weight Plant Branch Weight  Weight 9 y
Total Fruit 1 1 0.82 0.82 0.47 047 0.1 0.21 064 093
Number
Total Fruit/ 1 1 0.82 0.82 0.47 0.47 0.1 0.21 064 093
Plant
Total Fruit 082 082 1 1 0.53 054 012 031 058  0.81
Weight
Fruit
Weight/ 082 082 1 1 053 054  0.12 0.31 058  0.81
Plant
Stem 047 047 053 053 1 074  -046  -045  -012 053
Diameter
Number of 047 047 0.54 0.54 0.74 1 025  -027 0.04 0.47
Branch
Plant Dry 01 041 0.12 0.12 -0.46 -0.25 1 085 08  -017
Weight
Fruit Dry 021 021 0.31 0.31 -0.45 0.27 0.85 1 0.84 0.11
Weight)
Shoot 064 064 058 058 -0.12 004 082 0.84 1 043
Weight
Efficiency 093 093 081 0.81 0.53 047  -0.17 0.11 043 1

The superior performance of the basal
fertilizer + farmyard manure treatment likely
stems from a synergistic interaction between
the readily available nutrients provided by the
basal fertilizer and the improved soil
conditions created by the farmyard manure.
Basal fertilizers, applied at the beginning of
the growing season, provide a crucial initial
boost of essential nutrients (N, P, K) for
establishing a strong root system and
promoting early vegetative growth (Yahaya et
al., 2023). This initial surge of nutrients is
particularly important for establishing vigorous
seedlings and ensuring healthy early
development. However, the effects of basal
fertilizers are often short-lived, as nutrients
can be quickly depleted by the plant or lost

through leaching (T. Xie et al., 2025).
Farmyard manure, on the other hand, offers a
sustained release of nutrients through the
gradual decomposition of organic matter. This
slow-release mechanism ensures a more
consistent supply of nutrients throughout the
growing season, complementing the initial
boost from the basal fertilizer. Furthermore,
the organic matter in farmyard manure
improves soil structure, water retention, and
aeration, creating a more favourable
environment for root growth and nutrient
uptake. The improved soil structure also
enhances microbial activity, leading to
increased nutrient mineralization and making
existing soil nutrients more readily available to
the plants (Singh et al., 2024). This synergistic
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interaction between readily available nutrients
and improved soil conditions explains the
superior performance of the basal fertilizer +
farmyard manure treatment.

The relatively poor performance of
treatments lacking basal fertilizer, even with
the addition of farmyard manure or rice husk,
underscores the importance of readily
available nutrients, especially during the early
growth stages. While farmyard manure
provides a slow-release source of nutrients
and improves soil structure, this process takes
time. The initial nutrient deficiency in
treatments without basal fertilizer may have
limited early growth and development,
impacting the plant's ability to fully utilize the
benefits of the soil amendments. Rice husk,
primarily improving soil structure through
enhanced porosity and drainage, offers limited
immediate nutrient release. Therefore, the
combination of basal fertilizer and farmyard
manure is crucial for providing both the initial
nutrient boost necessary for rapid early growth
and the long-term benefits of improved soll
structure and nutrient availability. The control
treatment, lacking both basal fertilizer and soil
amendments, exhibited the lowest yields,
clearly indicating the importance of both
nutrient input and soil improvement for optimal
cucumber growth. The significant differences
observed between treatments highlight the
complex interplay between nutrient
availability, soil structure, and plant growth,
emphasizing the need for a balanced and
integrated approach to nutrient management
(Meena & Reddy, 2021).

Total Fruit Number, Total Fruit/Plant,
Total Fruit Weight, and Fruit Weight/Plant are
all highly correlated with each other (r = 1 and
r = 0.82) showed in Table 5. This strong
positive correlation is expected, as a higher
number of fruits naturally leads to a greater
total fruit weight and a higher fruit weight per
plant. Shoot weight also shows a strong
positive correlation with fruit dry weight (r =
0.84) and plant dry weight (r = 0.82), indicating
that greater vegetative growth is associated
with higher fruit yields. Efficiency is also
strongly correlated with total fruit number, total
fruit per plant, and total fruit weight (r = 0.93
and r = 0.81), reflecting the fact that higher
yields generally indicate better resource use.
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Stem diameter and number of branches show
moderate positive correlations with total fruit
weight (r = 0.53 and r = 0.54) and number of
fruits (r = 0.47). This suggests that larger
plants with more branches tend to produce
more fruit. However, the correlation with plant
dry weight is weak or even negative in some
cases.

The consistent positive effect of
farmyard manure on fruit yield, regardless of
basal fertilizer application, underscores its
multifaceted role in enhancing nutrient
availability. The organic matter in farmyard
manure not only provides a slow-release
source of essential nutrients but also improves
soil microbial activity. This increased microbial
activity leads to enhanced nutrient
mineralization and makes existing soil
nutrients more readily available to the plant
roots (Zhao et al., 2024). Furthermore, the
improved soil structure resulting from
farmyard manure application enhances water
infiltration and retention, reducing the risk of
nutrient leaching and ensuring a consistent
supply of moisture for optimal fruit
development. The comparatively lower fruit
yield in treatments using rice husk alone
points to the importance of readily available
nutrients, particularly during the crucial fruiting
stage.

The strong positive correlation between
vegetative and reproductive growth
underscores the importance of achieving a
balanced nutrient allocation  strategy.
Sufficient vegetative growth provides the
necessary photosynthetic capacity to support
fruit development. Treatments that promoted
robust vegetative growth, such as those
incorporating farmyard manure, also tended to
exhibit higher fruit yields. This highlights the
need to consider the overall plant health and
vigor when optimizing for fruit production
(Shahane & Shivay, 2021). Simply focusing
on maximizing fruit yield might be
counterproductive if it compromises the
plant’s overall health and ability to support fruit
development. A balanced approach that
promotes both vegetative and reproductive
growth is crucial for maximizing overall yield.
The superior nutrient use efficiency of the
basal fertilizer + farmyard manure treatment
highlights the potential for synergistic
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interactions between inorganic and organic
nutrient sources. This combination offers both
the immediate nutrient boost from the basal
fertilizer and the long-term benefits of
improved soil health from farmyard manure.
This approach not only maximizes yield but
also promotes sustainable agriculture by
minimizing nutrient waste and optimizing
resource utilization. Further research could
focus on determining the optimal ratios of
basal fertilizer and farmyard manure for
different soil types and climatic conditions to
further enhance nutrient use efficiency and
promote sustainable crop production.

Nutrient Uptake by Cucumber Plants
Figure 2. presents data on nitrogen (N)

levels in the soil and plants, along with
nitrogen use efficiency (NUE), under six
different treatments combining basal fertilizer
application and soil amendments (farmyard
manure and rice husk). The treatments
included basal fertilizer with and without soil
amendments (farmyard manure and rice
husk) and no basal fertilizer with and without
soil amendments. Soil nitrogen levels ranged
from 295.2 units in treatments without
farmyard manure to 475.2 units in the basal
fertilizer + farmyard manure treatment.
Nitrogen in plants ranged from 184.56 units
(without basal fertilizer + rice husk) to 229.59
units (basal fertilizer + farmyard manure).
Nitrogen use efficiency (NUE) varied
considerably across treatments, ranging from
48.31% (basal fertilizer + farmyard manure) to
67.71% (without basal fertilizer + without soil
amendments).

The data reveal that the application of
basal fertilizer significantly increased soil
nitrogen levels compared to treatments
without basal fertilizer. The addition of
farmyard manure further enhanced soil
nitrogen levels, regardless of basal fertilizer
application. Interestingly, the highest plant
nitrogen content was observed in the basal
fertilizer + farmyard manure treatment, but this
treatment did not exhibit the highest NUE. The
highest NUE was observed in the treatment
without basal fertilizer and without soil
amendments, suggesting that in the absence
of added nitrogen, the plants were more
efficient at utilizing the naturally available
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nitrogen. Treatments with rice husk showed
no significant difference in soil or plant
nitrogen compared to treatments without any
soil amendment. This suggests that rice husk
did not contribute significantly to nitrogen
availability in the soil during the experimental
period.
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Figure 3. presents data on phosphorus
(P) levels in the soil and plants, along with
phosphorus use efficiency (PUE), under six
different treatments combining basal fertilizer
application and soil amendments (farmyard
manure and rice husk). The treatments
included basal fertilizer with and without soil
amendments (farmyard manure and rice
husk) and no basal fertilizer with and without
soil amendments. Soil phosphorus levels
were relatively consistent across treatments,
ranging from 447.2 units in treatments without
farmyard manure to 500.2 units in the
treatment without basal fertilizer + farmyard
manure. Phosphorus levels in plants ranged
from 72.06 units in the basal fertilizer + rice
husk treatment to 79.07 units in the treatment
without basal fertilizer + farmyard manure.
Phosphorus use efficiency (PUE) varied
considerably across treatments, with the
highest PUE (17.26%) observed in the
treatment without basal fertilizer and without
soil amendments, and the lowest (15.81%) in
the treatment without basal fertilizer +
farmyard manure.

The data show that while soil
phosphorus levels were not significantly
affected by the treatments, plant phosphorus
content and PUE were influenced by the
combination of basal fertilizer and soil
amendments. The highest plant phosphorus
content was observed in the treatment without
basal fertilizer + farmyard manure, suggesting
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that farmyard manure may enhance
phosphorus uptake even in the absence of
added phosphorus fertilizer. However, this
treatment did not show the highest PUE,
indicating that the enhanced phosphorus
uptake may not translate to higher efficiency.
The highest PUE was observed in the
treatment without basal fertilizer and without
soil amendments, suggesting that in the
absence of added phosphorus, the plants
were more efficient at utilizing the naturally
available phosphorus. The addition of rice
husk did not significantly alter soil or plant
phosphorus levels or PUE.
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Figure 4. displays the potassium (K)
content in the soil and plants, along with
potassium use efficiency (KUE), across six
different treatments. Treatments involved the
application of basal fertilizer with and without
soil amendments (farmyard manure and rice
husk). Soil potassium levels varied
considerably across treatments, ranging from
a low of 211.2 units in treatments without
farmyard manure to a high of 351.2 units in the
treatment with basal fertilizer and farmyard
manure. Plant potassium content also varied,
ranging from 117.6 units in treatments without
basal fertilizer to 246.6 units in the treatment
with basal fertilizer and farmyard manure.
Potassium use efficiency (KUE) showed the
highest value (70.22%) in the basal fertilizer +
farmyard manure treatment.

The data reveal that both basal fertilizer
application and the type of soil amendment
significantly impacted potassium levels in the
plants and KUE. Treatments including
farmyard manure consistently exhibited higher
soil and plant potassium levels compared to
treatments without manure. The highest KUE
was observed in the treatment with basal
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fertilizer and farmyard manure, indicating a
synergistic effect between the readily
available potassium from the fertilizer and the
improved soil conditions provided by the
manure. Conversely, treatments without basal
fertilizer showed lower plant potassium and
similar KUE, suggesting that basal fertilizer is
crucial for efficient potassium uptake. The
addition of rice husk alone did not significantly
increase potassium levels in the soil or plants.
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The observed trends in nitrogen levels
and NUE can be explained by several factors.
The higher nitrogen levels in treatments with
basal fertilizer are expected, as the fertilizer
provides a readily available source of
nitrogen. The increased nitrogen levels in
treatments with farmyard manure are
attributed to the slow release of nitrogen from
the decomposing organic matter (Oyetunji et
al., 2022). However, the lower NUE in the
farmyard manure treatments, despite higher
nitrogen levels, suggests that the rate of
nitrogen release from the manure may not be
perfectly synchronized with plant demand. A
potential imbalance between nitrogen supply
and plant uptake could lead to lower NUE.
Furthermore, the higher NUE in the treatment
without basal fertilizer and without soil
amendments highlights the inherent efficiency
of plants in utilizing naturally available
nitrogen when external nitrogen sources are
limited (Suman et al., 2023). The lack of effect
of rice husk on nitrogen levels is consistent
with its known slow decomposition rate and
limited nitrogen content. These results
emphasize the importance of optimizing
nitrogen management strategies to maximize
both nitrogen availability and utilization
efficiency.
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The relatively consistent soil
phosphorus levels across treatments suggest
that the applied amendments did not
substantially alter the total phosphorus
content in the soil. The higher plant
phosphorus content in the farmyard manure
treatments, even without added phosphorus
fertilizer, indicates that farmyard manure may
enhance phosphorus availability through
improved soil structure, increased microbial
activity, and the slow release of organically
bound phosphorus (S. Xie et al., 2023). The
higher PUE in the control treatment (no basal
fertilizer, no amendments) indicates that
plants are inherently efficient at utilizing
phosphorus when external sources are
limited. The lower PUE in some treatments
with farmyard manure might be due to an
imbalance between phosphorus supply from
the manure and plant demand, or other factors
influencing phosphorus uptake (Noulas et al.,
2023). Further investigations are needed to
understand the complex interactions between
soil amendments, phosphorus availability, and
plant phosphorus uptake.

These results align with general
knowledge regarding potassium fertilization.
Farmyard manure is a known source of
potassium, and its addition to the soil
improves potassium availability to plants.
Basal fertilizer provides a readily available
source of potassium, leading to higher uptake
by plants (Sardans & Pefuelas, 2021). The
synergistic effect of basal fertilizer and
farmyard manure is likely due to the improved
soil structure and enhanced nutrient
availability resulting from the organic matter in
the manure. Rice husk, while beneficial for soil
structure and water retention, does not
significantly contribute to potassium levels,
highlighting the importance of targeted
potassium sources like fertilizers and organic
amendments rich in potassium (Xie et al,
2025).

The observed differences in soil NPK
levels before and after treatment application
highlight the complex interplay between
fertilizer application, nutrient uptake by the
plants, and the inherent nutrient content of soil
amendments. The relatively low nitrogen
fertilizer efficiency (approximately 30%)
suggests that a significant portion of the

BIOFARM, Vol. 21, No. 2, 2025

applied nitrogen was either lost through
volatilization, leaching, or immobilization by
soil microorganisms. This emphasizes the
importance of optimizing nitrogen
management practices to maximize nutrient
use efficiency and minimize environmental
impact. Further investigation into the specific
mechanisms of nitrogen loss in this system
would be valuable.

The substantial accumulation of
phosphorus (P) and potassium (K) in the sail,
despite high fertilizer use efficiency, points to
an imbalance between nutrient supply and
plant demand. While the high fertilizer use
efficiency for P and K is positive, the
significant excess suggests that the
application rates may be too high for the
specific needs of the cucumber plants in this
system (Li et al., 2024). This highlights the
importance of conducting regular soil tests to
determine the optimal nutrient application
rates, avoiding excessive accumulation of
nutrients that can have negative long-term
consequences for soil health and
environmental  sustainability. The low
potassium uptake, despite high efficiency,
could be due to factors such as nutrient
interactions or limitations in plant uptake
mechanisms (Sardans & Pefuelas, 2021).

The findings regarding nutrient uptake
and accumulation have significant
implications for developing sustainable
nutrient management strategies for cucumber
production. The observed nitrogen deficiency
and phosphorus and potassium accumulation
highlight the need for a more precise and
targeted approach to fertilizer application. This
could involve optimizing fertilizer application
rates based on regular soil testing, exploring
alternative nitrogen sources with lower
environmental impact, and potentially
adjusting the P and K application rates to
better match plant demand. Furthermore, the
incorporation of organic amendments, such as
farmyard manure, can contribute to improved
nutrient cycling and potentially reduce the
need for synthetic fertilizers.

To gain a more complete understanding
of nutrient uptake dynamics, further
investigation is needed. Isotopic labeling
studies could be employed to trace the fate of
applied nutrients within the soil-plant system,
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providing detailed insights into nutrient
uptake, transformation, and loss mechanisms.
More detailed analysis of the nutrient content
of the farmyard manure would allow for a more
accurate assessment of its contribution to the
overall nutrient balance. Finally, examining
the nutrient content of plant tissues at different
growth stages would provide a more
comprehensive understanding of nutrient
uptake patterns throughout the cucumber life
cycle. This additional data would help refine
nutrient management strategies for improved
efficiency and sustainability.

CONCLUSION

This study demonstrates the significant
interactive effects of basal fertilizers and soil
amendments on cucumber growth and yield.
The results reveal that while farmyard manure
consistently enhanced fruit yield, regardless of
basal fertilizer application, the highest overall
plant dry weight was surprisingly observed in
treatments without basal fertilizer but with
farmyard manure or rice husk, suggesting
sufficient pre-existing soil fertility and the
strong impact of improved soil structure on
water availability and nutrient uptake. The
combination of basal fertilizer and farmyard
manure, however, yielded the highest fruit
weight and the best nutrient use efficiency,
indicating a balanced allocation of resources
towards both vegetative and reproductive
growth. This highlights the importance of
considering both readily available nutrients
(from basal fertilizers) and improved soil
conditions (from farmyard manure) for
optimizing cucumber yield. Rice husk, while
improving soil structure, required
supplemental basal fertilizer for optimal fruit
production. The strong positive correlation
between vegetative and reproductive growth
underscores the need for a balanced
approach to nutrient management,
maximizing both plant health and fruit yield.
Further research should investigate the
optimal balance between basal fertilizer and
farmyard manure application for different soil
types and climatic conditions to further
enhance nutrient use efficiency and promote
sustainable crop production.
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