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Introduction

Butternut squash offers various health benefits, including providing essential nutrients for the body, boosting the immune system,
managing diabetes, combating inflammation and infections, supporting lung health, treating nervous system disorders,
promoting healthy vision, preventing anemia, increasing bone density, and improving digestion. This fruit is rich in vitamins
and minerals, such as vitamins C, E, and B6, as well as other beneficial components like niacin, thiamine, folate, pantothenic
acid, calcium, and iron. The abundant minerals in butternut squash include copper, magnesium, and potassium. Additionally,
butternut squash is a valuable source of antioxidants, carotenoids, and anti-inflammatory agents (Makmur, 2018) 21,

One of the health benefits of butternut squash is its ability to regulate blood sugar levels, which is attributed to the presence of
ethanolic extract in butternut squash (Junita et al., 2017; Marbun, 2022) 25 34, Another benefit of butternut squash is its
antidiabetic properties (Adams et al., 2011; Chang et al., 2014) 1, as it promotes insulin production and repairs pancreatic
cells (Jin et al., 2013; Makni et al., 2010) ** 3 Additionally, butternut squash seed oil, which contains chromium, plays a role
in carbohydrate metabolism by facilitating optimal chromium absorption (Glew et al., 2006) 21,

In addition to its high nutritional content and health benefits, butternut squash also has significant economic value (Sanjur et al.,
2002) 181, 1ts selling price is higher than that of other types of squash (Kurniati et al., 2018) 281, From a farming feasibility
perspective, butternut squash cultivation is considered viable based on the Benefit-Cost (B/C) ratio, Net Present Value (NPV),
Internal Rate of Return (IRR), and payback period (Saleh, 2020).

The production of butternut squash in Indonesia is lower than domestic demand. Indonesia's butternut squash production was
566,846 tons in 2017, 454,001 tons in 2018, and 107,963 tons in 2019 (Badan Pusat Statistik, 2023) ). Meanwhile, the per
capita domestic consumption of butternut squash was 1.822 kg per year in 2019 (Kementerian Pertanian Republik Indonesia,
2020) 281,

The significant health and economic benefits of butternut squash, combined with its low domestic production relative to
consumption, make it an attractive crop for further development. Butternut squash can be optimally cultivated in warm regions
with temperatures ranging from 18 to 30°C. It thrives well in lowland areas at 0 meters above sea level (masl) up to highland
areas at 1,200 masl, with a humidity level of approximately 65% (Lolliani, 2017) 33,
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One region that is suitable for the development of butternut
squash based on its growing conditions is Pamekasan
Regency. Pamekasan Regency is located at an elevation of 6
to 312 meters above sea level (masl). The average annual
temperature in Pamekasan ranges from 27.3°C to 28.9°C,
with humidity levels varying between 44% and 98%. (Badan
Pusat Statistik, 2024) [€1,

Butternut squash farming has started to be developed by
farmers in Pamekasan Regency. Currently, there are 35
farmers in Pamekasan who have begun cultivating butternut
squash. This number is likely to increase in line with the land
suitability in Pamekasan for butternut squash cultivation, the
high demand, market opportunities, and the economic
feasibility of butternut squash farming.

Increasing the productivity of butternut squash in Pamekasan
Regency is a challenge aimed at enhancing the overall
production of horticultural commodities, boosting national
income, and reducing dependence on imported commaodities
(Kurniati et al., 2018) 281, The increase in butternut squash
production is influenced by the application of the right
fertilizers and appropriate dosage.

There are two types of fertilizers that can be applied to
butternut squash plants: chemical fertilizers and organic
fertilizers. The use of a combination of both types of
fertilizers, with the correct dosage and timing, can enhance
butternut squash production (Nuraini et al., 2023) [381,

The use of chemical fertilizers in crops plays a key role in
per-hectare production and agricultural yield intensification
(Crista et al., 2014) 31, The nutrients contained in chemical
fertilizers can enhance butternut squash productivity. On the
other hand, the use of chemical fertilizers in agriculture also
has negative impacts. Excessive use of chemical fertilizers
can lead to soil salinity, accumulation of heavy metals, water
eutrophication, nitrate buildup, and contribute to air pollution
through the release of nitrogen- and sulfur-containing gases
(Savci, 2012) 1491,

The environmental issues arising from the use of chemical
fertilizers have led experts to recommend the use of organic
fertilizers to accelerate growth in the agricultural sector
(Abebe et al., 2022) 4, The application of organic fertilizers
to butternut squash plants not only increases production but
also helps maintain agroecosystems, particularly in
preventing land degradation and improving soil fertility. A
further impact of improved soil structure and fertility through
organic fertilizers is the enhanced carbon absorption in the
soil, which is crucial for climate change mitigation (Asian
Development Bank, 2015) B,

Organic materials that can be used as organic fertilizers
include guano, compost, and manure from animals such as
chickens, cows, goats, and others. These fertilizers contain
essential nutrients required by butternut squash plants,
including nitrogen (N), phosphorus (P), and potassium (K).
The use of organic fertilizers can fulfill these nutrient needs
while improving the physical, chemical, and biological
properties of the soil. Fertilization with organic fertilizers
also enhances soil organism life, as the organic matter
provides the necessary nutrients for these organisms (Haryadi
et al., 2015) 23,

One type of organic fertilizer is manure, which comes from
solid and liquid excrement of livestock such as cows,
chickens, goats, horses, and sheep, mixed with leftover feed
and bedding materials. Livestock excrete a significant portion
of the nitrogen, phosphorus, and potassium found in their
food. Manure, whether solid or liquid, typically contains
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about 0.5% nitrogen (N), 0.25% phosphorus (P205), and
0.5% potassium (K20). Manure is rich in organic matter,
which can enhance the soil's capacity to absorb and retain
water, thus helping to prevent erosion (Purba, Situmeang, et
al., 2021) (42,

Raw materials for manure production are abundant in
Pamekasan Regency. This is because most farmers in
Pamekasan also work as livestock breeders. The number of
large livestock in Pamekasan is 197,211 cattle, consisting of
74,777 male cattle and 122,434 female cattle. In addition to
large livestock, manure materials in Pamekasan are also
sourced from small livestock waste. The number of small
livestock in Pamekasan includes 55,446 goats, 15,432 sheep,
and 8,204 rabbits (Badan Pusat Statistik, 2024) I,

The raw materials for manure production in Pamekasan
Regency can also come from poultry waste. The amount of
poultry manure is abundant in Pamekasan, generated by
739,134 native chickens, 155,844 broiler chickens, 335,023
laying hens, 48,405 ducks, and 22,479 Manila ducks (Badan
Pusat Statistik, 2024) 81,

The abundant raw materials for manure production can be
utilized by butternut squash farmers in Pamekasan Regency
to help meet the nutritional needs of their crops. However, the
phenomenon observed is that many butternut squash farmers
in Pamekasan have not yet adopted the use of manure as a
supplement to their crops' nutrition. This is because the
butternut squash farmers in Pamekasan are not yet convinced
of the benefits of manure as fertilizer.

Meanwhile, previous studies have shown that the contents of
chicken, cattle, and goat manure significantly affect the
growth and yield of butternut squash (Andriyadi, 2023;
Nuraini et al., 2023; Robisetiawan, 2021) [ 3 41 The
optimal dosage of each type of manure varies. The best
dosage of chicken manure for the growth and yield of
butternut squash is 25 tons per hectare (Robisetiawan, 2021)
4, The optimal dosage of cattle manure for the growth and
yield of butternut squash is 20 tons per hectare (Andriyadi,
2023) . Meanwhile, the best dosage of goat manure is 13
tons per hectare, combined with 375 kg per hectare of NPK
fertilizer, for optimal growth and yield of butternut squash
(Nuraini et al., 2023) [,

In addition to animal manure, there are also organic fertilizers
derived from plant by-products, one of which is sugarcane
bagasse. Organic fertilizer from sugarcane bagasse also has
an impact on plant growth. The application of sugarcane
bagasse has been shown to have a significant effect on the
growth and productivity of crops such as soybeans and green
eggplant (Misda, 2022; Wafiroh et al., 2018) 35 59,

Based on the above phenomena, conditions, and previous
research, the author is interested in investigating the effects
of various types of organic fertilizers and NPK chemical
fertilizers on the growth and yield of butternut squash. This
study aims to demonstrate that the use of organic fertilizers
can result in good growth and yield of butternut squash. The
goal is to influence farmers to believe that organic fertilizers
can produce yields comparable to those obtained with
chemical fertilizers.

Materials & Methods
The Location & Time
Butternut squash can be optimally cultivated in warm regions
with temperatures ranging from 18 to 30°C. It grows well in
lowland areas at 0 meters above sea level (masl) up to
highland areas at 1,200 masl, with a humidity level of around
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65% (Lolliani, 2017) B4, The suitability of growing
conditions affects the growth of butternut squash. Excessive
rainfall negatively impacts nitrogen absorption (Shahadha et
al., 2021) B9 thus disrupting the growth of the butternut
squash plants.

This study was conducted at the Green House of the
Agricultural Extension Center (BPP) in Pademawu District,
Pamekasan Regency, at an altitude of 7 masl, with an average
temperature ranging from 27.3 to 28.9°C, and humidity levels
between 44% and 98% (Badan Pusat Statistik, 2024) [ The
research was carried out from August 2024 to November
2024.

Materials and Equipments

1. Materials

The materials used in this study consisted of Butternut squash
F1 seeds, chicken manure, cow manure, goat manure,
sugarcane bagasse ash fertilizer, NPK chemical fertilizer,
water, and Antracol 70 WP fungicide.

The manure and sugarcane bagasse ash fertilizer applied were
those that had undergone a fermentation process for 3
months. During the fermentation process, the temperature
was maintained between 60—70°C. The moisture content was
kept between 45-55%. The mature manure had an organic
C/N ratio of less than 15% and nitrogen content greater than
1.8%. The final characteristics of the mature manure were
that it had no livestock odor, was dark brown to black in
color, was not hot, crumbly, and did not clump together.

2. Equipments

The equipment used in this study included a hoe, bamboo,
watering can, measuring tape, machete, knife, scissors,
bucket, plastic, raffia twine, wire, camera, and writing
materials.

www.allmultidisciplinaryjournal.com

Research Method

The experimental method used in this study was a
Randomized Block Design (RBD) to determine the effects of
various types of organic fertilizers and NPK on the growth
response and yield of butternut squash. This study consists of
6 treatment levels and 5 replications. The treatments are as
follows:

PO = Control, no application of chicken manure, cow manure,
goat manure, sugarcane bagasse ash, or NPK

P1 = Application of 375 grams of chicken manure per plant
P2 = Application of 600 grams of cow manure per plant

P3 = Application of 720 grams of goat manure per plant

P4 = Application of 500 grams of sugarcane bagasse ash per
plant

P5 = Application of 22.5 grams of NPK 16:16:16 chemical
fertilizer per plant

The doses of manure used in treatments P1, P2, P3, P4, and
P5 are based on previous research. The best growth and yield
responses for butternut squash were observed with the
following manure doses:

P1: Chicken manure at a dose of 375 grams per plant
(Girsang, 2020) [,

P2: Cow manure at a dose of 600 grams per plant (Andriyadi,
2023) 4,

P3: Goat manure at a dose of 720 grams per plant (Riyadi et
al., 2022) 431,

P4: Sugarcane bagasse ash at a dose of 500 grams per plant
(Munthe, 2019) [38],

P5: NPK 16:16:16 chemical fertilizer at a dose of 22.5 grams
per plant (Hajar, 2021) 24,

Based on the experimental design above, there will be 30
plants (6 treatment levels x 5 replications), with each hole
containing 1 plant, as follows:

Replication Replication Replication Replication Replication
1 2 3 4 5
-
=1
‘ PO ‘ ‘ P1 ‘ ‘ P3 ‘ ‘ P4 ‘ ‘ P5 ‘lﬁ
‘ P1 ‘ ‘ P3 ‘ ‘ P5 ‘ ‘ PO ‘ ‘ P2 ‘
‘ P2 ‘ ‘ PO ‘ ‘ P1 ‘ ‘ Ps ‘ ‘ P4 ‘
- P3 ‘ ‘ P2 ‘ ‘ P4 ‘ ‘ P1 ‘ ‘ PO ‘
21
= ‘ P4 ‘ ‘ P5 ‘ ‘ PO ‘ ‘ P2 ‘ ‘ P3 ‘
‘ Ps ‘ ‘ P4 ‘ ‘ P2 ‘ ‘ P3 ‘ ‘ P1 ‘
100 em

Fig 1: Layout of the Research in a Randomized Block Design

The research details are as follows:

Number of Replications : 5 Replications
Number of Treatments . 6 treatments
Spacing Between Plants  : 100 cm x 100 cm

Observation of Parameters
Observed Parameters in This Study:
1. Plant Height (cm)
Plant height is measured from the standard marker to the

tip of the plant's growing point. Measurements are made
using a measuring tape. Plant height observations begin
when the plant is 21 days after planting (DAP), with
weekly intervals until the plant starts flowering.

2. Number of Leaves (leaves)
The number of leaves is observed by counting the fully
opened leaves of the plant. Observations begin when the
plant is 21 DAP, with weekly intervals until the plant
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starts flowering.

3. Leaf Area (cm2)
The leaf area is measured by calculating the area of the
largest leaf on the plant. Observations start when the
plant is 21 DAP, with weekly intervals until the plant
starts flowering. Leaf area is measured using the Lalang
Buana method with the formula proposed by Sitompul &
Guritno (1995) 5?1 in (Girsang, 2020) [**l sebagai berikut:
Y =-58,1404 + 5,4328x1 + 0,9628x2
Where:
Y = Leaf Are (cm2)
X1 = Leaf Length (cm)
X2 = Leaf Width (cm)

4. Flowering Age (days)
Flowering age is observed when the plant has produced
more than 60% of flowers on each plant.

5. Number of Flowers (flowers)
The number of flowers is counted for all flowers on the
butternut squash plant.

6. Fruit Length (cm)
Fruit length is measured at harvest by measuring from
the base to the tip of the fruit.

7. Fruit Diameter (cm)
Fruit diameter is measured at harvest by measuring the
circumference of the upper and lower parts of the fruit
and then averaging the two. The circumference is
calculated using the formula (Girsang, 2020) *°I;
Circumference =2nr
r = Circumference/(2m )
D =rx2
D = Fruit Diameter

8. Number of Fruits per Plant (fruits)
This observation is done by counting the number of fruits
on the plant that meet the harvest maturity criteria.

9. Fruit Weight per Plant (kg)
Fruit weight per plant is obtained by weighing the fruits
that have been harvested from each plant.

Analysis Method
Soil Analysis
Soil analysis is used to determine the levels of nitrogen (N),
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phosphorus (P), potassium (K), and water content in the soil.
Soil samples from each treatment are analyzed. The initial
soil analysis is done at the start of the research to assess the
nutrient content of the soil before treatment is applied. A
follow-up analysis is done after harvesting to evaluate the soil
conditions post-treatment. The soil analysis is performed at
the Soil Laboratory of Puslit Sukosari, Lumajang.

Soil samples are collected in plastic bags from each
treatment. Before being sent to the laboratory, the samples
are prepared by air-drying the soil at room temperature, then
grinding and sieving. The sieved soil samples are then
submitted to the laboratory for analysis.

Data Analysis

The data obtained from the research will be analyzed using
Analysis of Variance (ANOVA), followed by Duncan's
Multiple Range Test (DMRT) for further comparison. The
linear model for the Randomized Block Design (RAK) used
in this study is as follows:

Xij =odj + Bj + Pi + ejj

Where:

Xij = Observation of the i-th treatment in the j-th
replicate

aij = True mean

Bj = Effect of the j-th replicate

Pi = Effect of the i-th treatment

eij = Error effect for the i-th treatment and the j-th
replicate

Result and Discussion

Growth and yield response of butternut squash plants
The application of different types of fertilizers resulted in
varying growth and yield responses in butternut squash
plants. Below are the results of the analysis of the growth and
yield responses of butternut squash plants as a result of
applying different types of fertilizers.

Plant Height

The plant height was measured at 21 days after planting
(DAP), with subsequent measurements taken weekly.
Therefore, measurements were conducted at 21 DAP, 28
DAP, and 35 DAP.

Based on the analysis results, it was found that the application
of various types of fertilizers, including chicken manure (375
grams per plant), cow manure (600 grams per plant), goat
manure (720 grams per plant), sugarcane bagasse ash (500
grams per plant), and chemical fertilizer NPK 16:16:16 (22.5
grams per plant), significantly affected plant height.

Table 5.1: Plant Height (cm) of Butternut Squash with the Application of Various Types of Fertilizers

Plant Height (cm) at Observation Age (DAP)
Treatment o1 28 35

PO 94a 27,8a 69,0a

P1 18,4b 76,8 ¢ 146,8 b

P2 16,4 b 62,6 bc 1414 b

P3 228¢c 103,6 d 216,0c

P4 94a 482 b 104,0 b

P5 94a 50,8 b 140,0 b
Duncan’s Test 5% * * *

Note: Numbers accompanied by different letters in the same column indicate a significant difference between treatments in the
Duncan's 5% test. "“tn" = not significant, "*" = significantly different

Based on Table 5.1, it can be observed that the plant height
measurements for the application of goat manure at a dose of

720 grams per plant showed the highest average plant height
for butternut squash at each observation. Additionally, the
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application of goat manure at a dose of 720 grams per plant
was significantly different from the application of other
fertilizer types at each observation.

This occurred because of the high nitrogen (N) content in
goat manure. According to the analysis of several composting
studies summarized by Novitasari & Caroline (2021) B7, the
average N content in goat manure is higher than that of cow
and chicken manure. The N nutrient in goat manure is
essential for plants during the vegetative phase (Saleem et al.,
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2012). During the vegetative phase, N is required by plants
for chlorophyll formation and to stimulate the development
of leaves, buds, branches, and stems.

Number of Leaves
The measurement of the number of leaves was conducted at
21 days after planting (DAP), with measurements taken
weekly. Therefore, measurements were taken at 21 DAP, 28
DAP, and 35 DAP.

Table 5.2: Number of Leaves (Blades) of Butternut Squash Under Different Fertilizer Applications

Number of Leaves (Blades) at Observation Ages (DAP)
Treatments

21 28 35

PO 6,4 8,0a 120a

P1 6,6 116cd 17,2 cd

P2 6,0 10,2 be 154hb

P3 6,6 12,6 d 18,4 d

P4 6,4 96b 14,8 b

P5 6,4 9,8b 15,8 bc
Duncan’s Test 5% tn * *

Note: Numbers accompanied by different letters in the same column indicate a significant difference between treatments in the
Duncan's 5% test. "tn" = not significant, "*" = significantly different

Based on the analysis, the application of various types of
fertilizers, including chicken manure at 375 grams per plant,
cow manure at 600 grams per plant, goat manure at 720 grams
per plant, sugarcane bagasse ash fertilizer at 500 grams per
plant, and NPK 16:16:16 chemical fertilizer at 22.5 grams per
plant, significantly affected the number of butternut squash
leaves at 28 DAP and 35 DAP.

From the table above, it can be observed that at 21 DAP, there
was no significant difference in the number of leaves among
the treatments. The average number of leaves for all
treatments was approximately six leaves per plant. The
application of goat manure at a dose of 720 grams per plant
resulted in the highest average number of leaves in butternut
squash plants. This can be seen at 28 DAP, with an average
of 12.6 leaves, and at 35 DAP, with an average of 18.4 leaves,
which were the highest among all observation periods.
Furthermore, the application of goat manure at 720 grams per
plant also showed a significant difference in the number of
leaves compared to other fertilizer treatments at 28 DAP and
35 DAP.

Goat manure has a positive impact on plant growth. Its
application is essential during both the vegetative and
generative phases of plant development. Research findings
indicate that applying green manure to the soil improves soil
biological properties, nutrient availability, crop yield, and
maize quality (Hariadi et al., 2016) [?2],

The increased leaf growth in plants treated with goat manure,
compared to other treatments, is due to its high nitrogen (N)
content. Additionally, goat manure contains high levels of
potassium (K), which plays a crucial role in enhancing plant
resilience, preventing leaf, stem, flower, and fruit drop, and
reducing plant susceptibility to breakage (Purba, Ningsih, et
al., 2021) (1,

Leaf Area

Leaf area was observed when the plants reached 21 DAP. The
leaf area was calculated using the formula: Y= -58,1404 +
5,4328x1 + 0,9628%2. where Y represents the leaf area (cm?),
X is the leaf length (cm), and X is the leaf width (cm). After
conversion using this formula, the relationship between the
application of different types of fertilizers and the leaf area of
butternut squash plants is as follows.

Based on the analysis, it was found that the application of
various fertilizers, including chicken manure at 375 grams
per plant, cow manure at 600 grams per plant, goat manure at
720 grams per plant, sugarcane bagasse ash fertilizer at 500
grams per plant, and NPK 16:16:16 chemical fertilizer at 22.5
grams per plant, had a significant effect on the leaf area of
butternut squash plants.

Based on the table above, it can be observed that the
application of goat manure at a dose of 720 grams per plant
resulted in the highest average leaf area in butternut squash
plants. This is evident from treatment P3, which consistently
produced the highest values compared to other treatments at
each observation period. Additionally, the application of goat
manure at a dose of 720 grams per plant showed a significant
difference compared to other treatments.

The application of goat manure can increase leaf area and
electrical potential differences compared to plants grown
solely in soil media. Goat manure is more effective in
enhancing plant leaf area than cow manure (Hariadi et al.,
2016) 22,

This is because butternut squash plants receive sufficient
nitrogen (N) from goat manure. Butternut squash plants with
adequate nitrogen supply tend to have a larger leaf surface
area (leaf length and diameter) (Kusumawati, 2021) 2,

Table 5.3: Leaf Area (cm?) of Butternut Squash Plants Under Different Types of Fertilizer Applications

Leaf Area (cm?) at Different Observation Ages (DAP)
Treatments
21 28 35
PO 75a 19,1a 26,8a
P1 21,4b 47,2 ¢ 50,2 b
P2 16,8 b 38,4 bc 40,6 ab
P3 351c 67,9d 770c
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P4 75a 28,5 ab 34,8 ab
P5 75a 37,7 bc 486 b
Duncan’s Test 5% * * *

Note: Numbers accompanied by different letters in the same column indicate a significant difference
between treatments in the Duncan's 5% test. "tn" = not significant, "*" = significantly different

Flowering initiation age

The flowering initiation age was recorded when the first
butternut squash plants started to bloom. Based on the
analysis results, the application of different types of
fertilizers, including 375 grams of chicken manure per plant,
600 grams of cow manure per plant, 720 grams of goat
manure per plant, 500 grams of sugarcane filter cake ash per

plant, and 22.5 grams of NPK 16:16:16 chemical fertilizer per
plant, significantly affected the flowering initiation age of
butternut squash plants.

Furthermore, based on Table 5.4, there were no significant
differences in the flowering initiation age among the different
fertilizer treatments

Table 5.4: Flowering Initiation Age (DAP) of Butternut Squash Plants with Different Types of Fertilizer Application

Treatments Flowering Initiation Age (DAP)
PO 0,0a
P1 432 b
P2 434 b
P3 434 b
P4 432 b
P5 434 b
Duncan’s Test 5% *

Note: Numbers accompanied by different letters in the same column indicate a significant
difference between treatments in the Duncan's 5% test. "tn" = not significant, "*" =

significantly different

The results of this study are consistent with the research
conducted by Riyadi et al. (2022) 3, which found that the
application of various combinations of organic and inorganic
fertilizers on butternut squash plants did not result in
significant differences in the age of flowering initiation.
Another study showed that the application of fish waste liquid
organic fertilizer (POC) and chicken manure, as well as the
interaction of both treatments, did not significantly affect the
parameter of flowering initiation age in butternut squash
plants (Girsang, 2020) [,

The lack of significant differences in the age of flowering
initiation due to the application of various types of fertilizers
is because the age of flowering initiation is a genetic trait of
the butternut squash plant. Therefore, planting butternut
squash with the same variety will result in an average age of
flowering initiation that is consistent, approximately 43 days
after planting (DAP).

Number of Flowers

The number of flowers was counted for all flowers, both
those that developed into fruits and those that did not, per
plant. Based on the analysis, it can be observed that the
application of various types of fertilizers, such as chicken
manure at 375 grams per plant, cow manure at 600 grams per
plant, goat manure at 720 grams per plant, sugarcane bagasse
ash at 500 grams per plant, and NPK fertilizer 16:16:16 at
22.5 grams per plant, had a significant effect on the number
of flowers in the butternut squash plants.

As shown in Table 5.5, it can be seen that plants without
fertilizer application (PO) did not produce any flowers. On the
other hand, plants that were applied with organic fertilizers
(manure, sugarcane bagasse ash) and NPK fertilizer did
produce flowers. However, the number of flowers produced
by plants receiving the different types of fertilizers did not
differ significantly from each other.

Table 5.5: Number of Flowers of Butternut Squash Plants with Different Types of Fertilizer Treatments

Perlakuan Number of Flower (Flowers)

PO 0,0a
P1 30b
P2 4c
P3 3,4 bc
P4 3,4 bc
P5 3,4 bc

Duncan’s Test 5% *

Note: Numbers accompanied by different letters in the same column indicate a
significant difference between treatments in the Duncan's 5% test. "tn" = not
significant, "*" = significantly different

Butternut squash plants without treatment or fertilizer
application did not produce flowers. This is because plants
without fertilizer application lacked macro nutrients such as
N, P, and K, which led to impaired plant growth. Nitrogen
(N) and Phosphorus (P) are essential for flower formation in
plants. Therefore, plants lacking these nutrients experience
disrupted flower development (Kusumawati, 2021; Purba,

Ningsih, et al., 2021) [2%41],

Number of fruits per plant

The number of fruits was counted when the fruits were ready
for harvest. Based on the analysis, it can be concluded that
the application of various types of fertilizers, such as chicken
manure 375 grams per plant, cow manure 600 grams per
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plant, goat manure 720 grams per plant, sugarcane bagasse
ash fertilizer 500 grams per plant, and NPK chemical
fertilizer 16:16:16 22.5 grams per plant, had a significant
effect on the number of fruits of butternut squash. The highest
average number of fruits per plant was produced by the
application of goat manure and NPK chemical fertilizer, with
an average of 3 fruits per plant (Table 5.6).

The number of butternut squash fruits suitable for harvest
from plants applied with chicken manure did not significantly
differ from the number of fruits produced by plants applied
with cow manure and sugarcane bagasse ash fertilizer.
Butternut squash plants applied with chicken manure and
sugarcane bagasse ash fertilizer produced an average of 2.2
fruits per plant, while plants applied with goat manure and
NPK chemical fertilizer produced an average of 3 fruits per
plant.

Table 5.6: Number of Fruits of Butternut Squash Plants Under
Different Fertilizer Treatments

Treatments Number of Fruits
PO 00a
P1 22b
P2 24D
P3 30c
P4 22b
P5 30¢c
Duncan’s Test 5% *

Note: Numbers accompanied by different letters in the same column
indicate a significant difference between treatments in the Duncan's 5%
test. "tn" = not significant, "*" = significantly different

The phosphorus (P) nutrient plays a role in stimulating fruit
formation in butternut squash plants (Kusumawati, 2021) 9,
The phosphorus content in goat manure fertilizer and NPK
chemical fertilizer is sufficient to meet the phosphorus
nutrient requirements of butternut squash plants. As a result,
the number of fruits produced by plants treated with these two
fertilizers is higher compared to those treated with other
fertilizers.

The potassium (K) nutrient in goat manure and NPK
fertilizers reduces the level of flower drop in butternut squash
plants, thereby increasing the percentage of flowers that turn
into fruits. The application of potassium (K) in fruiting plants
has been proven to significantly reduce fruit drop. Using
potassium at 2% can reduce fruit drop by 21.16% compared
to plants without potassium application. The combination of
K and N nutrients can be highly effective in reducing fruit
drop (Ullah Khan et al., 2022). This, in turn, increases the
fruit yield of butternut squash plants.

The fruit length

The fruit length was measured at harvest time. Based on the
analysis, it can be concluded that the application of different
types of fertilizers 375 grams of chicken manure per plant,
600 grams of cow manure per plant, 720 grams of goat
manure per plant, 500 grams of sugarcane ash per plant, and
22.5 grams of NPK 16:16:16 chemical fertilizer per plant—
had a significant effect on the fruit length of butternut squash
plants. The highest average fruit length was obtained from the
application of goat manure, which was 25.24 cm (Table 5.7.).
Based on Table 5.7., the average fruit length of butternut
squash plants from the application of chicken manure did not
significantly differ from that of cow manure or chemical
fertilizer. However, the application of goat manure
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significantly differed from the other types of fertilizers in
terms of the fruit length of the butternut squash plants.

Goat manure contains a high level of potassium (K), which is
highly beneficial for the growth, development, and quality of
fruit. Potassium supports the transfer of photosynthetic
products to the fruit, thereby aiding in the formation and
filling of fruit. According to a study by Novitasari & Caroline
(2021) &7, which compared the quality of various types of
manure fertilizers from several researchers with the SNI 19-
7030-20024 standard, goat manure contains 1.82%
potassium. The potassium content in goat manure is higher
than that of other types of manure.

The potassium content in goat manure has been proven to
enhance fruit length. The combined presence of potassium
and nitrogen (K and N) in goat manure is very effective in
increasing fruit length (Ullah Khan et al., 2022) 58],

Table 5.7: Fruit Length of Butternut Squash Plants with the
Application of Different Types of Fertilizers

Treatments Fruit Lenght (cm)
PO 0,0a
P1 218¢c
P2 22,6 ¢C
P3 25,2d
P4 179b
P5 232¢C
Duncan’s Test 5% *

Note: Numbers accompanied by different letters in the same
column indicate a significant difference between treatments in the
Duncan's 5% test. "tn" = not significant, "*" = significantly
different

Fruit Diameter

Fruit diameter was measured at harvest. Based on the
analysis, it was found that the application of various types of
fertilizers, including 375 grams of chicken manure per plant,
600 grams of cow manure per plant, 720 grams of goat
manure per plant, 500 grams of sugarcane ash per plant, and
22.5 grams of NPK chemical fertilizer (16:16:16) per plant,
significantly affected the fruit diameter of butternut squash
plants. The highest average fruit diameter was produced by
the application of goat manure at 9.62 cm (Table 5.8.).

Table 5.8: Fruit Diameter of Butternut Squash Plants with
Different Types of Fertilizer Applications

Treatments Fruit Diameter (cm)
PO 0,0a
P1 8,1 bc
P2 8,5cd
P3 9,6d
P4 74b
P5 9,1cd
Duncan’s Test 5% *

Note: Numbers accompanied by different letters in the same column
indicate a significant difference between treatments in the Duncan's
5% test. "tn" = not significant, "*" = significantly different

Based on the table above, it can be observed that the fruit
diameter of butternut squash resulting from the application of
goat manure fertilizer is not significantly different from the
fruit diameter of butternut squash resulting from the
application of chemical NPK fertilizer. Similarly, the fruit
diameter of butternut squash from the application of cow
manure fertilizer is not significantly different from the fruit
diameter resulting from the application of chicken manure
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fertilizer, and also not significantly different from the fruit
diameter of plants treated with goat manure fertilizer.

The nutrient content in both manure and chemical NPK
fertilizers is crucial for plants during the fruit formation
process. The combined roles of nitrogen (N), phosphorus (P),
and potassium (K) in the fertilizer play an important role in
fruit formation and quality (Purba, Ningsih, et al., 2021;
Ullah Khan et al., 2022) 2 %81, Nitrogen (N) assists in plant
tissue formation and supports healthy vegetative growth,
including fruit. Phosphorus (P) plays a role in fruit formation
and development, and enhances fruit quality. Potassium (K)
increases fruit size, resistance to diseases, and the quality of
the harvest.

The fruit weight per plant

The fruit weight per plant was calculated by weighing all the
marketable fruits produced by each plant. Based on the
analysis, it can be observed that the application of various
types of fertilizers, including chicken manure (375 grams per
plant), cow manure (600 grams per plant), goat manure (720
grams per plant), sugarcane bagasse ash (500 grams per
plant), and chemical NPK 16:16:16 (22.5 grams per plant),
had a significant effect on the fruit weight of butternut squash
plants. The heaviest average fruit weight of butternut squash
plants was obtained from the application of goat manure, with
an average of 6.54 kg per plant (Table 5.9). This weight was
not significantly different from the average fruit weight
produced by plants treated with chemical NPK, which was
6.27 kg.

Table 5.9: Fruit Weight of Butternut Squash Plants with Various
Types of Fertilizer Applications

Treatments The Fruit Weight (kg)
PO 0,0a
P1 44b
P2 50c
P3 6,6d
P4 39b
P5 6,3d
Duncan’s Test 5% *

Note: Numbers accompanied by different letters in the same column
indicate a significant difference between treatments in the Duncan's
5% test. "tn" = not significant, "*" = significantly different

The average fruit weight of butternut squash plants that were
applied with cow manure fertilizer is significantly different
from the average fruit weight per plant produced by those
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applied with other types of fertilizers. Meanwhile, the
average fruit weight produced by butternut squash plants
applied with chicken manure fertilizer does not significantly
differ from those applied with sugarcane bagasse ash
fertilizer.

Potassium (K) is an essential nutrient for fruit filling.
Potassium plays a crucial role in carbohydrate metabolism,
including the formation, breakdown, and translocation of
starch, by maintaining the charge balance at ATP production
sites. Potassium also helps transport photosynthesis products
(sugars) to plant parts to support growth or store them in fruits
and roots. Furthermore, along with nitrogen, potassium
contributes to protein synthesis (Purba, Ningsih, et al., 2021)
1, The combined role of potassium with nitrogen enhances
fruit weight. This aligns with the research conducted by Chen
et al. (2019) [*4, which found that the combination of N and
K fertilizers resulted in heavier butternut squash than the
combination of P and K or N and P fertilizers. This result is
supported by the findings of Ullah Khan et al. (2022) 81,
which demonstrated that the combination of N and K
fertilizers significantly increased fruit weight in plants.

Soil laboratory test results

Soil testing in agriculture is conducted to determine the soil
fertility levels. Soil testing is crucial for providing precise
fertilization recommendations, as well as for understanding
the physical, biological, and chemical properties of the soil
(Eviati et al., 2023) 7], By understanding the specific needs
of the soil and crops, farmers can manage agricultural inputs
more efficiently, ultimately increasing land productivity and
crop yields.

In this study, soil testing was conducted to assess the
remaining levels of nitrogen (N), phosphorus (P), potassium
(K), and soil moisture after the application of various types
of fertilizers to butternut squash plants. The soil analysis was
performed at the Sukorsari Sugar Research Center's Soil
Physics and Chemistry Laboratory, with sample registration
number 078.

The soil testing methods used to determine soil moisture
(SM) was the absolute dry weight method. The nitrogen
content (N) was determined using the Kjeldahl method.
Phosphorus (P) content was analyzed using the Olsen
method, and potassium (K) was measured using the
ammonium acetate extraction method. The results of the soil
analysis for the butternut squash plant samples are as follows:

Table 5.10: Soil Test Results for Butternut Squash Plants

Sample Analysis Results
KA (%) | N (%) | P20s0lsen (ppm) | K20 (Cmol (+) Kg)
X 3,7 01" 29,0 ™ 01"
PO 2,9 01"™ 333" 01"
P1 14 01" 95,6 " 01"
P2 14 01" 451" 01"
P3 1,7 01" 42,8 02"
P4 1,8 01" 41,0 02"
P5 1,2 01" 61,3 " 02"

Source: Results of Analysis at the Soil Physics and Chemistry Laboratory, Sugar

Research Center, Sukosari, 2024.

Note: * = Very Low, ** = Low, *** = Moderate, **** = High, ***** = Very High
(Classification Based on the Soil and Fertilizer Instrument Testing Center, 2023)

The nitrogen content in the soil is essential for plants during
the vegetative growth phase. Nitrogen plays a crucial role in

the quality of the leaves of butternut squash plants. Plants that
are adequately supplied with nitrogen have larger leaf areas
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(leaf length and leaf diameter). Nitrogen is a key component
of chlorophyll, which is why plants with sufficient nitrogen
have optimized photosynthesis reactions (Boschiero et al.,
2019; Kusumawati, 2021; Purba, Ningsih, et al., 2021) [0 29,
41]

The phosphorus (P) content influences the length of the plant,
as well as the formation of flowers and fruits in butternut
squash plants. Phosphorus stimulates growth and is active in
cell division. Plants that are sufficiently supplied with
phosphorus are more resistant to diseases and are less likely
to topple. Therefore, butternut squash plants that lack
phosphorus experience slow, weak, and inhibited growth and
development (Kusumawati, 2021; Purba, Ningsih, et al.,
2021) (2941,

Potassium (K) plays a role in mitigating the negative effects
of excessive nitrogen application, making butternut squash
plants less susceptible to pest and disease attacks and
preventing them from becoming brittle and easily shedding
their leaves, branches, flowers, and fruits (Purba, Ningsih, et
al., 2021) ™I Additionally, potassium functions in
photosynthesis, activating plant enzymes, supporting protein
formation and respiration, and enhancing plant resistance
(Kusumawati, 2021) [2°1,

Based on the results of soil laboratory analysis, the
phosphorus (P) content in the soil is classified as high to very
high. This is due to the characteristic of soil in Madura Island,
which is primarily limestone soil. According to Puslitan,
1966 in (Supriyadi, 2007) B3, the soil in Madura is generally
formed from wet and dry limestone materials. Limestone
soils, with their high calcium content and basic pH, primarily
bind phosphorus in less soluble forms such as calcium
phosphate (Ca-P). In calcareous soils, the content of CaCO3
is very high, and phosphorus is bound in the form of Ca-P.
The availability of phosphorus to plants in calcareous soils is
relatively low because most of the phosphorus is bound by
magnesium (Mg) and calcium (Ca) (Liu et al., 2015) 39,
The phosphorus content in the soil applied with chicken
manure (P1) is higher than in soils applied with other types
of manure. This is because the phosphorus content in chicken
manure is higher compared to other types of manure.
Laboratory test results from several researchers summarized
by (Novitasari & Caroline, 2021) B menunjukkan
kandungan fosfor pada indicate that the phosphorus content
in chicken manure is higher than that in cow and goat
manures.

Conclusion

The use of various organic fertilizers and NPK chemical
fertilizers significantly influences the growth response and
yield of butternut squash plants. The nutrient content in the
soil after planting butternut squash showed that nitrogen (N)
was low to very low, phosphorus (P) ranged from medium to
very high, potassium (K) was very low, and the average soil
moisture content was 2%.

It is recommended that farmers apply goat manure at a dose
of 720 grams per plant for butternut squash cultivation. It is
necessary for the Food Security and Agriculture Office to
conduct outreach programs to raise farmers' awareness by
providing extension services on the benefits of applying
organic fertilizers to butternut squash plants.
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