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Abstract. Polychar plus granules grade B are a synergistic formulation of
carbon-rich biochar, enriched goat manure, and inorganic fertilizers
(1:2:1/2), packaged in granular to increase nutrient availability and
rehabilitate degraded land. This study examined the effects of different
application rates of this granule on soil chemical properties and the early
growth of sugarcane seedlings. The experiment was carried out from July to
October 2025 using two sugarcane varieties, Cenning (V1) and NXI-4T
(V2), and four fertilizer doses: PO (control), P1 (125 g/polybag), P2 (250
g/polybag), and P3 (375 g/polybag). Growth parameters were evaluated
using ANOVA followed by an LSD test at the 5% level. Application of 125
g/polybag (P1) significantly increased soil potassium availability and
resulted in higher plant height and leaf number in the NXI-4T variety at 42
days after planting. No significant effects were observed at other growth
stages or on tiller formation. Higher doses (P2 and P3) tended to reduce
growth likely due to reduced nutrient uptake efficiency. Overall, the results
indicate that a moderate dose of Polychar Plus Granule can effectively
replace up to 50% of inorganic fertilizer without reducing sugarcane
seedling performance, offering a promising option for sustainable sugarcane
nursery management.

1 Introduction

Modern agriculture is currently facing major challenges, including soil quality degradation,
the impacts of climate change, and the increasing global demand for food. Tropical soils, in
particular, often have limited capacity to maintain long-term fertility. One approach that has
gained considerable global attention to address these issues is the application of biochar, a
carbon-rich material produced through biomass pyrolysis. Biochar has been widely
recognized for its ability to improve the physical, chemical, and biological properties of soils,
while simultaneously contributing to climate change mitigation through carbon sequestration
[1,2]. Previous studies have demonstrated that biochar enhances water retention, cation
exchange capacity, and soil microbial activity, all of which are crucial factors for sustaining
agricultural productivity [3,4].
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In Indonesia, improving the quality of sugarcane seedlings (Saccharum officinarum L.)
is strategically important, as sugarcane serves as the main raw material for the national sugar
industry. However, productivity remains constrained at the seedling stage, which is critical
for determining subsequent plant performance. An innovative organic fertilizer, known as
Polychar Plus Granule, has been developed to address this issue. This formulation combines
biochar with manure and microbial decomposers to enhance plant growth. Although
preliminary trials on tobacco plants (Nicotiana tabacum L.) have indicated its agronomic
potential, the results did not show significant effects across all growth parameters, thereby
highlighting the need for further evaluation on other strategic crops such as sugarcane [5].

A number of studies on horticultural crops have provided evidence of the benefits of
biochar in improving vegetative growth. For example, the application of different biochar
types combined with NPK fertilizer significantly increased plant height, leaf number, dry
biomass, and chlorophyll content in lettuce (Lactuca sativa L.) [6]. Similarly, in pakcoy
(Brassica rapa L.), the use of biochar in combination with organic fertilizers had a positive
effect on vegetative growth, including leaf number and overall biomass [7]. These findings
suggest that biochar plays an important role in seedling quality improvement; however,
research specifically targeting sugarcane seedlings remains limited.

The main limitation of previous research lies in its focus on staple and horticultural crops,

with relatively few studies examining biochar-based formulations such as Polychar Plus
Granule in relation to sugarcane seedling quality. This indicates an important knowledge gap,
particularly concerning the quantitative relationship between fertilizer application and
seedling vigor. Since the seedling stage strongly influences overall sugarcane productivity,
studies addressing this issue are urgently needed to provide a stronger scientific basis for
sustainable sugarcane cultivation practices.
Therefore, this study aims to quantitatively assess the effect of Polychar Plus Granule
fertilizer on the quality of sugarcane seedlings. The results are expected to provide empirical
evidence regarding the effectiveness of this innovative biochar-based fertilizer and to serve
as a scientific reference for the development of sustainable organic fertilizers.

2 Materials and Methods

2.1. Material and tools

The tools used include pyrolysis reactors, drum disk mill, strainers, mixers, granulators,
scales, hoes, buckets, analytical scales and meters

The materials used are dried coconut shells, srintil domba (sheep manure), decomposers,
water, starch, bud set cenning and NX1-4T varieties, polybags, and NPK fertilizer).

2.2. Research method

This activity method used a factorial Randomized Block Design (RBD) consisting of two
treatment factors. The first factor was the Dosage of Grade B Polychar Plus Granule Fertilizer
(P): PO = SOP / Control, P1 = 125 g/polybag, P2 = 250 g/polybag, P3 =375 g/polybag. The
second factor was Sugarcane Variety (V): V1 = Cenning Variety, V2 = NX1-4T Variety.
Next, an ANOVA analysis was conducted and the test results showed a significant effect.
Therefore, the analysis was continued with the Least Significant Difference Test (LSD) at
the 5% level to identify differences between treatments. The parameters observed consisted
of plant height, number of shoots, and number of leaves.

a. Biochar Production

The coconut shells are burned under closed conditions at a temperature of around 300 to 350
degrees Celsius for approximately 5 hours. The pyrolysis process is considered complete
when smoke production has reduced or stopped then fed into a disk mill for grinding.
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b. Srintil Domba Compost Production

Srintil domba is a basic ingredients for making sheep manure. It is obtained a quantity of 2
tons of air-dried mixed with 1 kg of decomposer containing 7richoderma harzianium DT 38,
T. pseudokoningii DT 39, Aspergillus sp., and white rot fungi, which accelerate the
composting process and function as a biofertilizer. The composting process takes
approximately 2 to 3 weeks. The success of this process is indicated by the disappearance of
the sheep manure odor and the growth of white rot fungi on the surface of the srintil granules.
c¢. Grade B Polychar Plus Granule Fertilizer Proccess

Grade B polychar plus granule fertilizer is made using a mixture of biochar, sheep manure
compost, and compound NPK fertilizer in a 1:2:1/2 ratio. Mixed with starch and water to
make it granule on granulator.

d. Planting Media Preparation

Prepare tools and materials and clear weeds from the land to be used. Next, fill polybag with
sifted soil. After sifting, weigh 3 kg of the medium and add the specified dose of Grade B
polychar fertilizer. Finally, add Furadan insecticide, mix thoroughly, and arrange the filled
polybags in the cleared land.

e. Planting Material Preparation and Planting

For sugarcane seedlings of the NX1-4T variety and the Cenning variety, use bud set seeds.
Make a planting hole in the center of the polybag approximately 5 cm deep, then plant the
bud with the bud facing upward in a supine position. Cover the seedling with a thin layer of
medium and water.

f. Maintenance

Water all the seedlings in the polybags according to the moisture content of the medium using
a hand sprayer or watering can, carefully ensuring the seedlings are not washed away by the
water, and remove any weeds growing in the polybag area.

3 Results and Discussion

Table 1 and Figure 1 show the effect of Polychar Plus Granule Grade B application on the
average seedling height of the Cenning and NXI-4T varieties. The results showed that at 42
days after planting (DAP), the application of 125 g/polybag (P1) resulted in a plant height of
67.33 cm, statistically equivalent to the control (72.00 cm). Higher doses (250-375
g/polybag) significantly reduced plant height. A 5% LSD test showed that excessive doses
reduced plant growth.

These results indicate that the application of biochar-based fertilizer at a dose of 125
g/polybag (P1) can optimize nutrient release and water-holding capacity without causing ion
imbalance or osmotic stress. Similar research results were reported by Bai et al. [8], who
showed that the combination of biochar with inorganic fertilizer significantly improved
growth parameters in various plants, especially at moderate doses. The application of
Polychar Plus Granule Grade B significantly affected sugarcane seedling height only at 42
days after planting (DAP), where the 125 g/polybag (P1) dose produced the best growth for
the NXI-4T variety. Higher doses (250-375 g/polybag) inhibited plant height, likely due to
increased electrical conductivity (EC) and alkalinity in the root zone. These results
demonstrate a dose-dependent response, in which moderate applications enhance nutrient
availability and aeration, while excessive amounts cause osmotic stress. This finding supports
the statement by Qiu et al. [9] that balanced biofertilizer application improves nitrogen uptake
and root vigor. Similarly, Premalatha et al. [10] reported that excessive biochar can disrupt
ion balance and limit plant growth.

The growth pattern shown in Figure 1 confirms that the vegetative phase between 28 and
56 days after planting (dap) was the most responsive to Polychar Plus Granule application.
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Moderate doses optimize the soil’s cation exchange capacity and moisture retention,
consistent with findings by Duan et al. [12]. The high C-organic and macronutrient content
of the granule (C 27.76%, N 1.61%, P-0Os 2.74%, K-0O 2.36%) enhances early seedling vigor,
but excessive enrichment can elevate EC and reduce nutrient absorption [11]. Therefore, an
optimal application of 100-150 g/polybag is recommended to support sustainable sugarcane
seedling growth. Bhattarai et al. [13] emphasized that balanced biochar use promotes root—
microbe synergy, ensuring efficient nutrient cycling under nursery conditions.

Tabel 1. Height of Sugarcane Seedlings In The Cenning Variety and NX1-4T Variety

Height of Sugarcane Seedlings (cm)
Treatment
28 dap 42 dap 56 dap
PO 52,89a 72,00a 91,36a
Pl 48,39a 67,33ab 83,97ab
P2 47,19a 55,17bc 69,19bc
P3 35,28b 47,78¢c 60,88¢c
LSD 5% 11,11 15,66 22,59
Description: Numbers followed by different letters mean that they are significantly different at the 5%
LSD test level.
140.00
120.00
2 100.00 W —o— 14 dap
<
Bo 80.00 ——28 dap
%
= 60.00 H\/\ A —&— 42 dap
= \A/\__‘
= 40.00 .\.\./.\% 20 dap
20.00 —_— ————— =70 dap
—0— 84 dap
0.00 T T T T T T T 1
POV1 POV2 P1V1 P1V2 P2V1 P2V2 P3V1 P3V2
Treatment
Description :

P2V1: 250 g/polybag on Cenning Variety
P2V2: 250 g/polybag on NX1-4T Variety
P3V1: 375 g/polybag on Cenning Variety
P3V2: 375 g/polybag on NX1-4T Variety

POV1: SOP/ Control on Cenning Variety
POV2: SOP / Contro on NX1-4T Variety

P1V1: 125 g/polybag on Cenning Variety
P1V2: 125 g/polybag on NX1-4T Variety

Fig. 1. Plant Height of Sugarcane Seedlings under Different Dosages of Polychar Plus Granule Grade
B

The number of tillers of sugarcane seedlings showed a slight, non-significant increase
with the application of Polychar Plus Granule Grade B at moderate doses (125-250
g/polybag). (Figure 2). This indicates that tiller formation is mainly controlled by genetic and
hormonal factors such as the auxin—cytokinin balance rather than nutrient availability [9].
Moderate doses likely enhanced microbial activity and nitrogen mineralization, indirectly
supporting tiller initiation [14,16]. In contrast, higher doses (375 g/polybag) tended to
suppress growth due to increased electrical conductivity and osmotic stress in the root zone
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[12]. The insignificant number of tillers parameter is a positive finding. It shows the results
indicate that several doses of biochar combined with a 50% reduction in inorganic matter can
still perform just as well as 100% inorganic matter. Therefore, a moderate application rate is
recommended to maintain balanced soil—plant interactions and support sustainable sugarcane
seedling development.
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Fig. 2. Number of Tillers of Sugarcane Seedlings under Different Dosages of Polychar Plus Granule
Grade B
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Fig. 3. Stem Diameter of Sugarcane Seedlings under Different Dosages of Polychar Plus Granule Grade
B.

Stem diameter (Figure 3) exhibited a pattern similar to plant height, with P1 (125
g/polybag) producing the thickest stems, while P2 and P3 treatments showed progressive
reductions (Figure 3). Increased stem thickness generally reflects enhanced carbohydrate
accumulation and improved water availability. The superior performance under P1 aligns
with [13], who demonstrated that combined biochar and organic fertilizer applications
enhance stem biomass and vascular tissue development in cereals by improving potassium



BIO Web of Conferences 210, 02026 (2026) https://doi.org/10.1051/biocont/202621002026
ICoFA 2025

uptake and root conductivity. Excessive dosages, however, may induce mild osmotic
inhibition and substrate toxicity, reducing stem expansion [14,12].

Table 2. Analysis results in the soil physics and chemistry laboratory at the Sukosari Research Center
(Author Data, 2025)

Hasil Analisis (%)
No Jenis
KA Corg N P205 K20 KTK
| Polychar Plus Granule 1534 27,76 1,61 2,74 2,36 -
Grade B

The results of soil chemical analysis (Table 2) revealed that Polychar Plus Granule Grade
B contains 27.76% C-organic, 1.61% N, 2.74% P20s, and 2.36% K0, showing that it is a
nutrient-rich organic material with high potential to improve soil fertility. The balanced
macro-nutrient composition and high organic carbon content enhance cation exchange
capacity (CEC), soil structure, and water-holding capacity [12]. The P1 treatment (125
g/polybag) produced growth and nutrient availability comparable to the control (PO0),
indicating that substituting 50% of inorganic fertilizer does not reduce growth performance.
This aligns with findings by Lima et al. [10], who demonstrated that biochar from sugarcane
residues can sustain productivity even with reduced inorganic fertilizer use. The presence of
biochar and organic manure in Polychar enhances nutrient retention, microbial activity, and
long-term soil fertility, supporting more efficient nutrient cycling [15]. However, higher
doses (P> and Ps) tended to inhibit growth due to excessive electrical conductivity and
alkalinity in the root zone, which limited nutrient uptake efficiency [16].

Fig. 4. Sugarcane seedling growth in polybags at 12 weeks after planting (WAP). V1 (Cenning
variety) and V2 (NXI-4T variety), P included four different doses: (SOP/Control), P1V2
(125 gr/polybag), P2 (250 gr/polybag), and P3 (375 gr/polybag)

Thus, the integration of Polychar Plus Granule Grade B at moderate doses (P1)
demonstrates its potential to reduce inorganic fertilizer usage by '4 inorganic fertilizer
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without compromising sugarcane growth, contributing to the sustainability of sugarcane
cultivation. This supports the global shift toward low-input, carbon-enriched agriculture,
where biochar-based fertilizers enhance soil health and reduce dependence on synthetic
inputs [12].

The high organic carbon content in Polychar Plus Granule Grade B reflects stable carbon
fractions derived from biochar, which enhance soil aggregation, porosity, and long-term
nutrient retention [10]. In addition, the sheep manure component, inoculated with
Trichoderma harzianum and Aspergillus sp., increases enzymatic activity and microbial
biomass, thereby accelerating nutrient mineralization and cycling within the rhizosphere
[14]. These processes contribute to improved soil nutrient profiles that support the superior
growth performance observed in the P1 (125 g/polybag) treatment. Figure 4 showed the NXI-
4T variety exhibited better adaptability and responsiveness to this moderate dosage,
confirming that varietal differences influence biochar efficiency under nursery conditions.
This finding demonstrates that Polychar Plus Granule Grade B can effectively replace 30—
50% of inorganic fertilizer during the seedling phase without compromising growth,
promoting sustainable sugarcane production systems that reduce chemical dependency and
enhance soil resilience [17]. Efforts to improve soil fertility include reducing the use of
inorganic fertilizers by substituting them with organic fertilizers, one of which is the use of
biochar. Biochar is a stable form of carbon produced from the pyrolysis of organic materials.
Biochar quality is highly dependent on the raw materials and the manufacturing process
(pyrolysis). Polychar Plus Grade B aims to reduce the use of inorganic materials by 50%.
The parameters of tiller number and stem diameter, which are core parameters for sugarcane
production, produced insignificant values. This is a positive result because substituting
biochar with inorganic fertilizers of up to 50% can provide growth performance that is not
inferior to the application of 100% inorganic fertilizer. Biochar has the ability to bind air and
nutrients in the soil, helping prevent fertilizer loss due to surface erosion (runoff) and
leaching, thereby saving fertilizer and reducing inorganic fertilizer residues in the
environment.

4 Conclusion

Application of Polychar Plus Granule Grade B fertilizer at a dose of 125 g/polybag on the
NXI 14 T variety was able to provide the same growth performance compared to 100%
inorganic. Thus, Polychar Plus Granule Grade B has the potential to be used as a substitute
for inorganic fertilizers as an innovative organic fertilizer in sustainable sugarcane
cultivation.
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