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ABSTRACT

The study explored the result of the utilization of biochar derived from coconut husk,
young coconut, and coconut pulp on the growth and yield response on sweet potato (jpomoea
batatas). The study is conducted in Occidental Mindoro, where coconut husk and pulp are often
treated as waste. The main objectives are to evaluate how these biochars function as soil
conditioners, influencing growth metrics such as vine length, leaf count, and fresh biomass,
alongside yield factors including the number, length, diameter, and weight of marketable
tuberous roots. The research also assessed changes in soil properties, specifically water-
holding capacity and bulk density. Employing a randomized complete block design, the study
had five treatments: the control (no application of biochar) and four types of biochar (T1-
Coconut husk, T2-Young Coconut, T3-Coconut Pulp, T4-carbonized Rice Hull), with 3 sample
plants per plot. Carbonization of the coconut substrates was conducted using a steel drum kiln,
adhering to established protocols. Sweet potato cuttings with the cut distance 30cm from the
tip were planted using a furrow method, ensuring proper spacing and replanting of missing
hills. Results showed comparable effects in growth and vyield parameters with biochar
applications compared to the control, with young coconut biochar resulting in the highest leaf
count (mean = 457) and coconut pulp biochar yielding the best overall performance in yield
metrics. While all biochar treatments outperformed the control, no significant differences were
observed among the biochars, except in tuber diameter. Additionally, application of coconut-
based biochar enhanced soil characteristics through increasing water holding capacity and
reducing bulk density. In conclusion, coconut-based biochar is an effective soil amendment for
sweet potato cultivation, particularly the use of coconut pulp biochar for optimal yield. As this
study highlights the potential of using agricultural waste to enhance crop productivity and
improve soil guality in resource-limited settings, further study must be conducted with the
focus on the proper amount of its application as well as field trials
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INTRODUCTION

Scientifically known as Ipomoea batatas L., sweet potatoes are often called the crop of
the poor. This nutritious food is typically eaten as a staple and vegetable. With a global yield of
around 131 million tons, sweet potatoes (Ipomoea batatas) rank seventh among the world's
most produced food crops. They are the third most produced root crop, with nearly 300 million
tons produced annually, following potatoes, which are ranked fourth among food crops
(Loebenstein, 2016). In the Philippines, sweet potatoes are locally referred to as “‘camote.”
According to data from the PCAARD, Eastern Visayas is the leading sweet potato producer,
contributing 98.95 thousand MT, or 18.8% of the total production in 2019.

According to the Office of the Provincial Agriculturist as of 2024, concerning Occidental
Mindoro, the average production of sweet potatoes is 109.65 metric tons. However, as per the
2018 data, the total sweet potato production was 14,726, 165 metric tons. Particularly, Occidental
Mindoro contributed 0.09% to this total, amounting to approximately 14,686 metric tons. Notably,
San Jose exhibits the highest production, totaling approximately 325.9 MT as of 2023. The
Municipality of Calintaan leads a contribution of about 25 metric tons. The mean output of
sweet potatoes in Occidental Mindoro is 8.80 hectares, with San Jose being the primary
contributor as well to the overall sweet potato yield.

Sweet potatoes exhibit sensitivity to different soil conditions, with their growth and yield
outcomes directly influenced by the soil they occupy. Achieving high yield requires addressing
the specific compatibility requirements of sweet potato plants, especially in 1 case where there
may be lower nutrient demand. Understanding and effectively managing the soil conditions is
essential for optimizing the growth and productivity of sweet potato crops.

Sweet potatoes encounter issues related to soil compatibility, which affect their growth
and production. In root crop cultivation, especially sweet potatoes, various soil problems can
arise, such as soil compaction caused by excessive water or poor drainage. However, the
impact of different soil amendments on improving the growth and yield of enhanced sweet
potato varieties remains uncertain (Darko, 2020). Additionally, coconut-based waste presents
its own set of problems. Waste generated from coconut processing harms soil fertility and
creates environmental concerns. By-products from the coconut industry, such as coconut
wood pieces, shells, coir, coconut water, outer shells, and fibers, are non-consumable and
contribute to negative environmental effects.

The issue of coconut waste is becoming more complex as it accumulates in markets
and areas where coconuts are processed. Since coconut waste is organic and decomposes
easily, it can lead to environmental problems like greenhouse gas emissions. Over time, this
waste accumulates as a residual product in the environment (Dumasari et al., 2020).

The abundant availability of coconut material residues such as the coconut husk, young
coconut, and coconut pulp has great potential for biochar as soil conditioner for the root crops
specifically for the sweet potato (Ipomea batatas). It suggests that improving soil nutrients
through effective amendment can positively influence overall crop productivity (Darko, 2020).
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METHODS
Research Design

The study employed the experimental method of research utilizing Randomized
Complete Block Design (RCBD). Each experimental block was 0.75 meter in length and 1.5 meters
in width, and the planting distance was 30 cm x 75 cm. The plant distance was based on the
recommended 44,000 plant density for sweet potato per hectare. Each experimental unit
accommodated 5 sweet potato cuttings.

Collection of Rice husk

The different coconut-based substrates were collected at San Jose and Mamburao
Occidental Mindoro areas with coconut plantations. Various types of coconut waste were
sourced from different locations. Young coconuts were primarily obtained from the wet market
in San Jose, Occidental Mindoro, where the pulp was also available for purchase. However, the
carbonized rice hull was taken from the Occidental Mindoro State College-Murtha Campus
(Upper) because it was readily available.

Drying of Substrates

The different types of coconut-based substrates were sun-dried. The coconut pulp was
sun-dried for 2-3 days, while the young coconut was dried for 3-5 days. However, the coconut
husk was not sun-dried since it was already dried and ready for carbonization. However, the
carbonized rice hull did not have to go through the carbonization process because it was
already carbonized when it was taken.

Carbonization of Substrates

The coconut substrate was carbonized using a steel drum as a carbonizing kiln (Ridwan
et al, 2017). The drum had three sets of six 1-inch diameter holes at the bottom, middle, and
upper layers, along with a lid. Each substrate, coconut husk, young coconut, and coconut pulp
were placed in separate drums. A four-inch diameter wooden pole was temporarily placed in
the center of each drum to create a hollow space for smoke flow during carbonization. After
5-10 minutes, when the fire was established, the lid was placed, and the upper and middle sets
of holes were closed. Stirring occurred every 5 minutes throughout the process. The substrate
was considered carbonized when it changed color, lost weight, became smoother or more
brittle, and increased in hardness. After 2 hours, the drum was opened, and the cooling process
lasted for 8 hours.

Land Preparation

The area measured about 9.75 m x 9.5 m with a total area of 92.63 m2. The field was
deeply plowed using four-wheel with disc plow and harrowed twice using a four-wheel tractor
with rotavator. Spade was used to create a ridge (plot) with a height of 0.25 meters. Large soil
chunks were crushed, ensuring a smooth texture. The cultivated plot measured 1.5 m x 0.75 m,
with three blocks having a 1-meter distance per plot.
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Application of Various Soil Conditioners

Biochar weighing 1.875 kg was introduced or mixed into the soil per plot based on the
recommended ratio of 15T/h, equivalent to 15,000 kg per hectare, and a total of 5.625 kg per
treatment (Hayashi, 2013). The different types of coconut-based biochar mixed into the soil
before planting the sweet potato cuttings.

Selection and Preparation of Planting Material

The desired sweet potato cutting had at least 6 nodes. The cuttings were cut
horizontally at 30 cm from the tip. The leaves were eliminated from the part of the cuttings
that was to be planted. The prepared cuttings were planted immediately.

Planting of Cuttings

The cuttings were planted using the furrow method and were placed vertically. Three
nodes of the cutting were buried in the letter ‘L' planting position with 30 cm spacing between
hills or between cuttings. After 2 weeks of planting, the missing hills were checked, and
replanting was considered to ensure a responsible and effective crop management strategy.

Fertilizer Application

A 45 g of fertilizer per experimental unit of inorganic fertilizer NPK with a grade of 14-
14-14 was applied 4 weeks after planting. The last application was made for the next 4 weeks
after the first application.

Water Management

The newly planted sweet potatoes were irrigated regularly from the time of planting
until 77 DAT, as this period coincided with the El Nifio season, which experienced temperatures
reaching 43°C on the first day of planting. In contrast, due to heavy rainfall weather conditions
that followed, the sweet potatoes received minimal irrigation between the months of June to
August during its reproductive stage.

Pest Management

The increased temperatures resulted in a significant presence of various pests. Sweet
potatoes were strategically planted along the perimeter fences to deter rodents and enhance
crop safety. Rodenticide was applied twice, while pesticide targeting hornworms was similarly
applied twice. Furthermore, fences were constructed around the experimental field,
supplemented with netting for added protection.

Weeding

After planting for two weeks, agricultural methods were used to eliminate weeds
through manual hand weeding. Weeds were immediately removed each time they sprouted in
the experimental field.

Harvesting and Post-Harvest Handling
Due to the changing weather conditions, the flowering of sweet potato was delayed,
and the timing of harvest was affected. The harvesting of sweet potatoes was conducted 154
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days after planting. To avoid injuring tubers, the primary crown of the plant was identified, and
a digging pork was used to get underneath the sweet potatoes and loosen up the soil. The
harvested tubers were cleaned by removing dirt using water before data gathering.

Data Gathering Procedure

The total Number of Leaves per plant was determined by counting the leaves of the
three sample plants three times. The first count was done within 28 days after planting; the
next count was done after another 28 days, and the last counting was done after harvesting.
The counted leaves were marked using a pentel pen marker to be excluded in the next count.
Manual counting was used to record all leaves of the three sample plants. The Length of Vines
was obtained from the longest lateral vine of each sample plant. The representative lateral vine
was measured from the base to the tip of vines using a meter stick and was expressed in
centimeters. The data was measured after harvesting. The Fresh Biomass was determined by
measuring the fresh total weight of the plant material of sweet potato including leaves and
vines, after it was freshly harvested. This was measured using a digital weighing scale. The
Weight of Tuberous Root was determined by measuring the weight of three tuberous roots per
plot in grams after harvesting, utilizing a digital weighing scale. The Diameter of Tuberous Root
was determined by measuring the diameter of the tuberous roots from a randomly selected
sample plant. Measurements were in centimeters, using a digital vernier caliper. The Length of
Tuberous Root was determined by measuring all the tuberous roots per plant after harvesting
and was expressed in centimeters using a ruler. For Water Holding Capacity, the soil was
collected before and after the experiment following the drip loss technique. The result was
categorized and interpreted according to the water-holding capacity scale: low (>29%),
moderate (30 to 59%), and high (60 to 100%). Bulk Density is the measure of the density of a
porous material that makes the density of the soil material (ps) and the amount of porosity.
The general scale of bulk density (g/cm3) was interpreted based on the scale by Hazelton and
Murphy (2007). Soil pH was measured using a four-in-on soil instrument before and after the
application of different types of coconut-based biochar. Before the application of coconut-
based biochar, soil pH was taken in different parts of the area even before the experimental
plot was built.

Table 1. Water-holding capacity scale

WATER-HOLDING CAPACITY RATINGS
>29% Low

30-59% Moderate
60-100% High

Data Processing and Analysis

The F-test or Analysis of Variance (ANOVA) for RCBD was used in the analysis of data.
Data processing and analysis were done using Statistical Techniques for Agricultural Research
(STAR), which was developed by the International Rice Research Institute (IRRI).

“Bhoucasing dtudent Comthibutions te Kmeudedge Drimern buy, niteghity amd Purpese” m



ARa: Student Research Jewvnal

Vol. 4,No. 1, June 2025 | pISSN:2980-4523 | eISSN: 3027-9054

RESULT

The influence of different coconut-based biochar types such as soil conditioners on the
growth of sweet potato.

The number of sweet potato leaves influenced by different types of coconut-based
biochar as a soil conditioner was determined. According to the Tukey Honestly Significant
Difference (HSD) results, the effects of Treatment 0, Treatment 1, Treatment 3, and Treatment
4 were statistically comparable to each other. On the other hand, Treatment 2 with a mean of
457 is significantly different from the rest of the treatments.

Data shows that Treatment 1, which is the Coconut husk, obtained a mean of 250.33 cm.
On the other hand, sweet potato from TO, without soil conditioner obtained the lowest mean of
192.22 cm.

Treatment 4 in the fresh biomass, which is the carbonized rice hull produced the highest
mean of 789 g. Subsequently, Treatment 1 with 759.72 g mean, Treatment 2 with 757 g mean, and
Treatment 3 with 713 g. On the other hand, sweet potatoes from T0, without soil conditioner
obtained the lowest mean of 709 g

Table 2. The influence of different coconut-based biochar types such as soil conditioner on the
growth of sweet potato.

Treatment Number of Leaves Length of Vines Fresh Biomass
7% - Soil 226.44 192.22 708.61
T'- Coconut Husk 259.56 250.33 759.72
T2 - Young Coconut 456.89 206.78 756.67
T*- Coconut Pulp 191.33 218.11 712.78
T# - Carbonized Rice Hull 249 231.95 189.17
F-value 22.88 0.49m 0.09™
p-value 0.002 0.74 0.98
Grand mean 276.64 219.80 745.39

The effect of various coconut-based biochar as soil conditioner on the yield of sweet
potato

Data shows that Treatment 3 recorded the highest weight of tuberous roots with a
mean of 239 g. On the other hand, Treatment 1 obtained the lowest mean of 111.3 g. Meanwhile,
like treatment 3, treatment 2 and treatment 4 are higher than Treatment 0. The average weight
of tuberous sweet potatoes ranges from 142 to 198 grams. In comparison, treatment 3
exceeded this average weight. However, treatments 0, 1, 2, and 4 fell below the average weight
of sweet potatoes
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Table 3. The effect of various coconut-based biochar as soil conditioner on the yield of sweet

potato.
Weight of Tuberous Diameter of Length of
Treatment Roots Tuberous Roots Tuberous Roots

(g) (cm) (cm)
7% - Soil 128 35.36 93.33
T' - Coconut Husk m 24.84 106.67
T? - Young Coconut 144 29.50 112.33
T*- Coconut Pulp 239 39.18 126.33
T* - Carbonized Rice Hull 132 25.68 17
F-value 1.99m 1.36"™ 2.20™
p-value 0.19 0.33 0.16
Grand mean 150.93 30.91 mis

The diameter of tuberous roots of sweet potato is affected by the different types of
coconut-based biochar as soil conditioner. Treatment 3 gathered a highest mean of 39.18 cm.
Treatment 1, on the other hand, obtained the lowest mean of 24.84 cm.

Treatment 3 from the length of tuberous roots registered the highest mean of 126.33
cm. On the other hand, sweet potato from T0, without soil conditioner obtained the lowest mean
of 93.33 cm.

The influence of coconut-based biochar as soil conditioner on the soil properties of sweet
potato

Data shows the water holding capacity of the soil. According to the result, prior to
intervention, all soil treatments exhibited a high-water holding capacity of 86%. This finding
indicates that both the original soil and the amendments utilized could retain a significant
amount of moisture. Subsequently, a significant difference in all treatments was observed. The
most notable reduction occurred in Treatment 2 (young coconut), which decreased to 59%
categorized as "Moderate” water holding capacity. However, the remaining treatments,
Treatment 1, Treatment 3, and Treatment 4, experienced more moderate declines, with their
water holding capabilities reducing to 62%, and 61%, respectively.

According to the results, Treatment 1 recorded the highest bulk density at 0.10g/cm3,
which is classified as “Very low". Similarly, Treatment 2, with a bulk density 0.07g/cm3, is also
categorized as "Very low", despite having a slightly lower value. After application, the Treatment
0, which is registered 0.9g/ cm3 interpreted as “Very low". Similarly, the Treatment 1, 2, 3, and 4
which posted 0.08 g/cm3 is also categorized as "Very low’, despite exhibiting a marginally
reduced value.

Based on the result on the soil pH, all treatments have a similar effect to the soil which
interpreted 4.5 interpreted as “Strongly acid". However, following the application of coconut-
based biochar, there were significant differences observed compared to the pre-condition.
There is an increase in pH in the soil treated with different types of coconut-based biochar.
Young coconut treatment (T2) registered 5.5 interpreted as “Strongly acid”. Likewise, the
Treatment 1 which is coconut husk and coconut pulp have a similar effect registered 5.4 as
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“Strongly acid”. Nevertheless, Treatment 4 and 0 are comparable with the pH level 4.5 and 5.0
interpreted as "Very strongly acid".

Table 4. The influence of coconut-based biochar as soil conditioner on the soil properties of
sweet potato

Treatment Water Holding Capacity Bulk Density Soil pH

Pre Int. Post Int. Pre Int. Post Int. Pre Int. Post Int.

T-Soil 86% H 62% H 009 VL 009 VL 45 SA 45 SA
T-CoconutHusk  gs% H 62% H 009 VL 008 VL 45 SA 54 MA
T-Young Coconut  gs% 4 59% M 009 VL 008 VL 45 SA 55 SA
T°-CoconutPulp g6 H 61% H 003 VL 008 VL 45 SA 51 MA
T#-Carbonized

Rice Hull 86% H 6% H 009 VL 008 VL 45 SA 50 SA
Mean 86% H 6% H 009 VL 008 VL 45 SA 51 SA

Legend: Water Holding Capacity: L-Low; M-Moderate; H-High
Bulk Density: VL-Very Low: L-Low: M-Moderate; H-High;
Soil pH: VSA-Very strongly alkaline; SAL-Strongly alkaline; MAL-Moderately alkaline; MIA-Mildly
alkaline: N-Neutral: SA-Slightly acidic; MA-Moderately acidic; SA-Strongly acidic

DISCUSSION

Number of Leaves

Young coconut waste as a soil conditioner significantly boosts sweet potato leaf
production. Biochar made from coconuts improves soil's chemical and physical properties,
enhancing fertility and promoting healthier plant growth. It improves leaf guantity and quality
(Sanchez-Reinoso et al., 2020) and reduces stress, leading to stronger leaves (Hasnain et al.,
2022). Biochar application (1.5%) increases total nitrogen, essential for leaf growth (Herviyanti
et al, 2020). It also enhances soil properties by increasing pH, organic matter, nitrogen,
phosphorus, potassium, calcium, and magnesium, thereby creating an optimal environment for
nutrient uptake and plant growth, which leads to more leaves (Maulana et al., 2023).

Vine Length

There was no significant difference in vine length between sweet potatoes with and
without coconut-based biochar. Treatment 1 (coconut husk) had the highest mean, while T0 (no
biochar) had the lowest. Edussuriya et al. (2023) found biochar increases vine length and leaf
number, but environmental factors affect vine length. Gajanayake (2015) noted that high
temperatures lead to more vine and leaf growth, but fewer tubers and lower vyields. Nazrul
(2018) reported sweet potato vine lengths ranging from 165.33 to 230.27 cm at 120 days. The
study showed average vine lengths like or exceeding standard values, but no significant
difference compared to the control without biochar.
Fresh Biomass
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Fresh biomass determines if coconut-based biochar affects vine and leaf growth. No
significant difference was observed in fresh biomass, but plants grown without biochar had
greater weight than the control. The type of coconut-based biochar used influenced vegetative
growth and fresh biomass. High temperatures during the experiment may have affected
growth, as heat stress impacts plant development. Gajanayake et al. (2015) noted that high
temperatures during mid- to late-growing seasons cause plants to prioritize leaf and vine
growth over root development, resulting in fewer tubers and lower yields. Motsa et al. (2015)
explained that slower canopy growth limits energy for root development. Our leaf count data
showed an increase in leaves during the second count, but despite soil cracking, no maturity
indicators were found after inspection and tilling, including in the buffer zone.

Weight of Tuberous Roots

There was no significant difference in the weight of tuberous roots between sweet
potatoes with and without coconut-based biochar. Treatment 3 had the highest weight, while
Treatment 1was the lowest. The yield decrease was observed due to factors like drought stress
and unpredictable weather. On March 26, 2024, temperatures in San Jose, Occidental Mindoro
reached 43°C, signaling the start of El Nino and the planting of sweet potato cuttings. By May,
temperatures rose to 44°C (PAGASA, 2024). While sweet potatoes are drought-tolerant after
tuber formation, inconsistent rainfall can still reduce vyields (Andrade et al, 2016).
Photoperiodism, a tropical characteristic, also limits growth to early-ripening varieties during
extended growing periods (Pepo, 2018). Drought stress negatively affects storage, root weight,
biomass, and root number (Kivuva et al., 2014; Saqib et al., 2017). As seen in fresh biomass, plants
focus more on leaf and vine growth. Excessive vegetative growth can reduce tuber yields as
plants prioritize leaves and stems over tuber development. A balanced vegetative and
reproductive phase enhances tuber production (Widaryanto & Saitama, 2017).

Diameter of Tuberous Roots

There was no significant difference in the diameter of sweet potato tuberous roots
between those treated with coconut-based biochar and those without. Treatment 3 had the
highest mean diameter, while Treatment 1 had the lowest. According to the Bureau of
Agriculture and Fisheries Standards (2010), medium-sized sweet potatoes have a diameter of
51to 70 mm. Treatment 3, with a diameter of 39.19 mm, falls under the small category. While all
treatments produced tubers with below-average diameters, small tubers are still commercially
viable. Weather conditions, such as temperature and soil moisture, influenced tuber formation
and diameter. High temperatures exceeding 35°C (43-44°C from March to June 2024, PAGASA,
2024) caused heat stress, reducing tuber size and quality.

Length of Tuberous Roots

There was no significant difference in the length of tuberous roots between sweet
potatoes with and without coconut-based biochar. Treatment 3 had the highest mean, while TO
(without biochar) had the lowest. After harvest, more pencil roots were observed than tuberous
roots. Pencil roots as lignified, smaller roots, while tuberous roots are fleshy and bulky. Pencil
roots typically form in low rainfall environments, especially under stress conditions like water
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deficit and high temperatures, where some lateral roots become pencil roots (Goldman et al.,
2023).

Water Holding Capacity

All soil treatments showed a high water-holding capacity of 86%, indicating effective
moisture retention by both the original soil and the amendments. A significant difference was
observed across all treatments. Coconut biochar improves water holding capacity as a soil
amendment by enhancing structural aggregation and promoting beneficial microbial activity,
which supports biological processes and increases nutrient availability (Nepal et al., 2023).
Experimental results showed that higher biochar concentrations improved water retention in
the upper 300 mm of soil and enhanced pH. Coconut biochar also significantly increases
nutrient retention, especially in sandy soils (Guarnieri et al., 2021).

Bulk Density

The application of coconut biochar lowers bulk density, which increases soil porosity.
Pandian et al. (2016) demonstrated that applying biochar at a rate of 5 t ha™* decreased the
bulk density of medium-textured soil from 141 to 1.36 Mg m~3. This reduction improves soil
structure by increasing pore space, allowing better air and water movement, and ultimately
enhancing soil health and plant growth (Pituya, 2017). A study on sandy loam soil showed a
reduction in bulk density from 141 g/cm? to 1.38 g/cm3, while the current study showed a
decrease from 1.56 g/cm3 to 1.27 g/cm? (Boadu et al., 2024).

Soil Ph

Coconut biochar improves soil pH due to its liming effect, neutralizing acidic soils and
creating a favorable environment for plant growth. Sweet potatoes tolerate pH levels from 5.5
to 6.8, but the optimal range for maximizing yield and high-quality tubers is 5.8 to 6.0. Biochar,
combined with organic matter, enhances soil properties by providing essential carbon and
nutrients, improving both physical and chemical characteristics (Herlambang et al., 2019). Soil
pH of 6.5 is optimal for nutrient availability. Low pH increases the solubility of aluminum,
manganese, and iron, potentially reaching toxic levels, while extreme pH values affect nutrient
access and microbial activity (Cornell University, n.d.) Additionally, the alkalinity of biochar helps
neutralize acidic soils, boosting fertility and promoting plant growth (Dhar et al., 2020).

CONCLUSION

The use of various coconut-based biochar's had similar impacts on vine length and
fresh biomass of sweet potato, but biochar made from young coconut significantly boosted
leaf production. When it came to yield, all biochar types performed similarly, although coconut
pulp biochar led to superior outcomes in all yield parameters. Despite no notable differences
among the biochar treatments in terms of growth and vyield, all of them outperformed the
control group—except in the case of tuberous root diameter. Moreover, coconut-based biochar
improved soil characteristics by enhancing water retention, lowering bulk density, and
balancing soil pH.
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