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Abstract 
Fly ash, a solid byproduct of coal combustion, contains both macro- and micronutrients that can 
function as soil conditioners. This study explores the sustainable use of fly ash in agricultural 
applications, specifically its role in improving acidic soils. The objective is to evaluate the potential 
of fly ash based on its chemical properties and agronomic advantages. A quantitative experimental 
design was applied, incorporating three levels of fly ash and two levels of manure fertilizer 
combinations, each with four replications plus a control group, resulting in a total of 24 
experimental plants. The study assessed various parameters, including pakcoy (Brassica rapa L.) 
morphological traits (plant height, leaf count, root length, fresh and dry biomass), chemical 
characteristics of leachates (Ca²⁺, Na⁺, pH, TDS, and EC), photosynthetic performance, and 
statistical analysis. The results indicated that the treatment (A₂B₂) comprising 35% fly ash, 45% 
chicken manure, and 20% soil produced the optimal outcomes across all parameters. This treatment 
led to the best pakcoy growth, characterized by the highest number of leaves, greatest fresh and 
dry weights, and the longest root development. These findings highlight that fly ash offers a 
sustainable and effective solution for soil amendment, enhancing agricultural productivity on 
pakcoy plant by improving soil quality while simultaneously contributing to industrial waste 
management.  
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INTRODUCTION  

 
Acidic soil is one of the main obstacles to agricultural land development in Indonesia. Latosol soil 

in tropical regions is formed through intensive weathering and leaching processes, causing the 
decomposition of silicate minerals and the removal of alkali and alkaline cations (Ca²⁺, Mg²⁺, and K⁺) from 
the top horizon. This condition results in the accumulation of Fe₂O₃ and Al₂O₃, which dominate the soil 
profile and accelerate the decline in pH to ≤ 5.5 (Sutrisno et al., 2023). The area of Latosol soil in Indonesia 
is approximately 17 million hectares, distributed in hilly and highland areas with a humid climate and 
annual rainfall exceeding 2,000 mm, such as in West Java (Bogor), Sumatra, and Kalimantan (Ritung et al., 
2015). 

Acidic Latosol in tropical regions has a pH H₂O range of 4.5–5.5, Al-dd values around 4–6 cmol.kg⁻¹ 
, while available P is below 12 mg.kg-1 due to Fe and Al fixation in Fe-P or Al-P complexes (Sari et al., 2017). 
The presence of high Al-dd levels ≥ 4 cmol.kg⁻¹ increases Al³⁺ in the root zone, causing toxicity to plants 
and suppressing the activity of acid-forming microorganisms, thereby slowing down the decomposition of 
organic matter and reducing organic carbon content below 2%. This impacts the availability of macro 
nutrients, particularly phosphorus, and micro nutrients, preventing plants from absorbing nutrients 
optimally (Rahmat et al., 2025).  
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These chemical, physical, and biological properties result in crop productivity in Latosol soil 
reaching only 40–60% of the soil's normal potential at neutral pH. Therefore, soil acidification mitigation 
is the first step before implementing intensive fertilization. Soil amelioration of Latosol Dramaga using 10 
tons.ha of cattle manure compost and 8 tons.ha of rice husk charcoal can increase soil pH by 0.5 and 
reduce Al-dd by 1.0–1.5 cmol kg⁻¹ over a 30-day incubation period, while also increasing available 
phosphorus from 9 mg.kg to 16 mg.kg  (Lubis et al., 2018). Fly ash is a by product of coal combustion in 
power plants and has potential as a soil amendment due to its calcium oxide (CaO) content, which can 
increase soil pH. Coal combustion in power plants at temperatures above 1000°C produces fly ash as a 
residue. The composition of elements in fly Ash varies depending on the type of coal used in each power 
plant (Faoziah et al., 2022). Utami (2018) stated that the use of Fly Ash as a mixture of organic fertilizer 
can increase the pH of the fertilizer to 8.52. The most abundant element contained in the fly Ash used is 
iron, reaching 71.2%. Silica and alumina are significantly lower than iron, at 16.2% and 7.67%, respectively.  

The use of cattle and chicken manure as additional materials for soil acidification also shows 
promising results. Cattle and chicken manure contain macro and micro nutrients that are beneficial for 
improving soil fertility, enhancing soil structure, and increasing soil microbial activity that supports plant 
growth. The application of cattle manure as a soil amendment improved the chemical properties of soil K-
dd from 0.55–0.74 cmol kg⁻¹ to 0.91 cmol kg⁻¹  (Avifah et al., 2022). The combination of cattle manure and 
amendments reduced the exchangeable Cd content in the soil, increased pH, and enhanced organic carbon 
content. Improvements in soil quality positively impact plant health, including enhanced nutrition, 
reduced stress, and increased resistance to pests and diseases (Yang et al., 2016). The application of fly 
ash combined with organic materials has been shown to significantly increase soil pH. This combination 
allows for the neutralization of H⁺ ions through organic acids contained in compost, such as phenolic and 
carboxylate groups, which function to bind H⁺ ions (Tusar et al., 2023). Other studies indicate that the 
application of fly ash, chicken manure, and cattle manure can increase pH, cation exchange capacity (CEC), 
organic carbon, and soil base strength, thereby supporting nutrient availability and plant growth (Ginting 
& Indriyati 2024). 

Pakcoy plants (Brassica rapa L.) exhibit high responsiveness to nutrient availability and optimal soil 
conditions. This characteristic makes pakcoy a sensitive indicator of changes caused by soil amendments, 
so the effects of treatments are expected to be significantly observable. Additionally, various previous 
scientific studies have utilized pakcoy as a model plant in investigations of soil fertility and the effectiveness 
of various types of soil amendments. Therefore, the use of pakcoy as a test plant allows for comparative 
analysis with previous research in evaluating the effects of soil amendments. 

 
 

MATERIALS AND METHODS 

Experiment Site 
The research method was quantitative research by experimental approach which conducted since 

March 1, 2025, to May 28, 2025, at the Ecotoxicology, Waste, and Biological Agents Laboratory and the 
Cikabayan Experimental Garden, Faculty of Agriculture, Bogor Agricultural University, Dramaga, Bogor, 
West Java.  

Materials and Tools 
The materials used in this study included acidic soil, fly ash, cattle manure, chicken manure, tapioca 

flour, distilled water, chemical reagents, pakcoy seeds, and 20 x 20 cm poly bags. The equipment used in 
this study included measuring cups, sieves, microbalances, ovens, pellet-making machines, ion meters 
(including Ca²⁺, Na⁺, chlorophyll meters, pH meters), rulers, writing tools, and cameras.  

Research Method 
The experimental design used was a Complete Randomized Design (CRD) Factorial consisting of 

two factors each treatment was repeated four times, resulting in a total of 24 experimental units. The first 
factor was the composition of fly ash: manure, which consisted of three levels: A1 fly ash 25%: manure 
55%: tapioca flour 20%, A2= fly ash 35%: manure 45%: 20%, and A3= 45% fly ash: 35% manure: 20% starch. 
The second factor was the type of manure, which consisted of two levels: B1= cow manure and B2= chicken 
manure.  
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Research Implementation 
Pellet fertilizer production was carried out by air-drying raw materials such as fly ash, cow manure, 

chicken manure, and cassava, then sieving them using a 60-mesh sieve. The materials were then mixed 
and water was added until the desired consistency was achieved. The mixed materials were then molded 
using a pellet maker. The pellets were then air-dried for 48 hours and subsequently dried in an oven at 
30℃ for 72 hours. The dried pellets were applied at a dose of 10 g per polybag, half the dose at planting 
and at 2 Weeks After Planting (WAP). Soil preparation was carried out by manually taking subsoil from 
latosol soil with human assistance. One kilogram of soil is placed into 24 polybags for the experiment. 
Pakcoy seeds are sown for two weeks until they have 3–4 leaves, then transferred to polybags. 
Maintenance includes watering, weeding, and pest control. Pest control was carried out mechanically as 
needed in the greenhouse at the experimental site. Weed control in the experimental polybags was 
conducted to prevent competition for nutrients and sunlight. Watering was done twice daily during the 
planting period. Harvesting was conducted at 4 Weeks After Transplanting (WAT). CI-340 Handheld 
Photosynthesis System by CID bioscience (USA) was applied for the measurement of  real-time 
photosynthesis, respiration, transpiration, stomatal conductance, Photosynthetically Active Radiation 
(PAR) and  internal CO2.  

Variables Observed 
The variables observed in this study included plant height, number of leaves, root length, fresh and 

dry weight, Ca2+, Na+, pH, TDS, and EC. CI-340 Handheld Photosynthesis System by CID bioscience (USA) 
was applied for the measurement of  real-time photosynthesis, respiration, transpiration, stomatal 
conductance, PAR and  internal CO2. All data obtained were analyzed using analysis of variance (ANOVA). 
If the ANOVA results indicated that the treatment effects were significantly different, the Duncan Multiple 
Range Test (DMRT) was conducted at the 5% level. 

 
 

RESULTS AND DISCUSSION 

Initial Soil Characteristics and Fly Ash 
Initial analysis of the Latosol subsoil (Table 1) shows an acidic pH (4.95), which may limit nutrient 

availability, microbial activity, and increase the risk of Al toxicity. Basic cations such as Ca²⁺, Mg²⁺, K⁺, and 
Na⁺ are leached due to high rainfall and replaced by H⁺ and Al³⁺, resulting in low base saturation. This is 
supported by a CEC value of 13.3 cmol(+) kg⁻¹ and low to moderate exchangeable bases (Ca-dd 5.40; Mg-
dd 0.95; K-dd and Na-dd each 0.14 cmol(+) kg⁻¹). The Al-dd content of 12.41% is quite high and poses a 
risk of inhibiting root growth. Although available P is sufficiently high (22.48 ppm), under acidic conditions, 
phosphate may be bound by Al and Fe. Total N is only 0.19%, indicating low nitrogen supply. The dominant 
clay texture (67.37%) with silt (25.59%) and sand (7.04%) fractions supports water retention but may 
impair aeration if soil structure is poor. 

Table 1. Initial Analysis Results of Latosol Subsoil Chemistry 

Test Parameter Result Unit Criteria 

pH H2O 4,95 - Sour 

N-Total 0,19 % Low 

P-Available (Bray I) 22,48 ppm P2O5 Very High 

KTK 13,3 cmol.kg⁻¹ Low 

Mg-dd 0,95 cmol.kg⁻¹ Medium 

Ca-dd 5,40 cmol.kg⁻¹ Low 

K-dd 0,14 cmol.kg⁻¹ Low 

Na-dd 0,14 cmol.kg⁻¹ Low 

Al-dd 12,41 % Medium 

Texture 
Sand 
Silt 
Clay 

 
7,04 

25,59 
67,37 

 
% 
% 
% 

 
Clay 
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Fly ash is a fine particle residue formed from the combustion of coal at temperatures >1000 °C in 
power plants, and captured by filtering systems such as static filters. The chemical characteristics of fly ash 
are greatly influenced by the type of coal used, so the content of its oxide elements can vary between 
power plant locations (Faoziah et al., 2022). The results of the chemical composition analysis of fly ash, as 
presented in Table 2, indicate that this material has potential as an ameliorant for Latosol subsoil, which 
is typically acidic. The highest content is found in SiO₂ at 506,000 ppm, followed by Al₂O₃ at 219,000 ppm 
and SO₃ at 122,000 ppm. 

Table 2. Oxide and Mineral Content of Fly Ash 

Component Content (ppm) 

Na₂O 17,500 

MgO 24,300 

Al₂O₃ 219,000 

SiO₂ 506,000 

P₂O₅ 600 

SO₃ 122,000 

Cl 100 

CaO 25,500 

Height Plant 
Based on the results of the analysis of variance, the combination of fly ash and manure treatment 

did not show a significant difference in the height of pakcoy plants throughout the observation period 
(Table 3). This is thought to be due to the relatively short incubation period of the soil conditioner, while 
the physical form of the pellets tends to limit dissolution and direct interaction between the soil 
conditioner components and the soil. As a result, the release of essential nutrients such as Ca²⁺ and Mg²⁺ 
is inhibited, so their availability in the root zone remains limited. In acidic and nutrient-poor Latosol 
subsoil, the limitation of these nutrients can disrupt important physiological processes such as cell division 
and elongation. This impacts plant height growth, which is not yet optimal. This finding aligns with 
previous research indicating that the effectiveness of organo-mineral soil amendments in improving soil 
properties tends to require time to produce noticeable growth responses (Nurmegawati et al., 2019). 

Table 3. Effect of Applying Fly Ash and Manure Combination Soil Amendment Pellets on Pakcoy Plant 
Height 

Fly Ash 
Fertilizer 

Average 
B1 B2 

2 weeks after transplanting (WAT) 
--------cm-------- 

A1 13.33 13.50 13.42 

A2 14.50 15.00 14.75 

A3 13.50 15.03 14.27 

Average 13.77 14.51  

3 weeks after transplanting (WAT) 
--------cm-------- 

A1 17.08 18.75 17.92 

A2 17.53 18.00 17.77 

A3 16.70 18.53 17.62 

Average 17.10 18.43  

4 weeks after transplanting (WAT) 
--------cm-------- 

A1 19.18 19.88 19.53 

A2 19.45 20.48 19.97 

A3 18.40 19.90 19.15 

Average 19.01 20.09  
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Plant height is one of the important parameters in measuring vegetative growth rate. Based on the 
data in Table 3, it can be seen that the height of pakcoy plants increased consistently every week of 
observation. At 2 WAT, treatment A₂B₂ produced the highest plant height of 15.00 cm, followed by A₃B₂ at 
15.03 cm. The average plant height in the B₂ manure treatment reached 14.51 cm, higher than B₁ at 13.77 
cm, indicating that B₂ manure is more effective in supporting early plant growth. At 3 WAT, treatment A₁B₂ 
recorded the highest plant height at 18.75 cm, followed by A₃B₂ at 18.53 cm. The overall average plant 
height also increased significantly compared to the previous week, with manure treatment B₂ again 
showing superiority at 18.43 cm, compared to B₁ at only 17.10 cm. At 4 WAT, plant height growth became 
increasingly optimal. Treatment A₂B₂ produced the highest plant height at 20.48 cm, followed by A₁B₂ at 
19.88 cm. The highest average plant height was still shown by the use of manure B₂ at 20.09 cm, compared 
to B₁ at 19.01 cm. Overall, the data indicate that the combination of fly ash A₂ and manure B₂ provides the 
best plant height growth, particularly during the late vegetative phase (4 WAT). This suggests that the 
integration of inorganic (fly ash) and organic (manure) soil amendment materials in pellet form can 
improve nutrient availability and accelerate pakcoy plant growth. 

Leaf Number 
The results of the observation indicate that the application of pellet shaped ameliorants combining 

fly ash and chicken manure fertilizer has an effect on increasing the number of pakcoy leaves during the 
early vegetative phase (Table 4).  

Table 4. Effect of Combined Fly Ash and Manure Pellet Application on the Number of Pakcoy Leaves 

Fly Ash 
Fertilizer 

Average 
B1 B2 

2 weeks after transplanting (WAT) 
--------sheet-------- 

A1 6.75 7.25 7.00 

A2 6.75 7.50 7.16 

A3 6.75 7.00 6.88 

Average 6.75b 7.25 a  

3 weeks after transplanting (WAT) 
-------- sheet -------- 

A1 10.,50 11.00 10.75 

A2 10.25 9.50 9.88 

A3 9.00 9.75 9.36 

Average 9.92 10.08  

2 weeks after transplanting (WAT) 
-------- sheet -------- 

A1 12.50 11.75 12.13 a 

A2 11.75 11.25 11.50ab 

A3 10.00 11.25 10.63b 

Average 11.42 11.42  

Note: Numbers in rows and columns followed by the same lowercase letter indicate significantly different according 
to the DMRT post hoc test at the 5% level. 

At 2 WAT, the chicken manure fertilizer treatment resulted in a higher number of leaves compared 
to the combination with cow manure fertilizer, demonstrating its role in creating a more optimal growing 
medium. This effectiveness is supported by the organic matter content and bioactive compounds that 
contribute to increased Cation Exchange Capacity (CEC), pH stability, and soil microbial activity. At 3 WAT, 
there were no significant differences between treatments, likely due to the plants' physiological 
adaptation to the growing medium. A similar response was reported by (Nurfadilah et al., 2024), indicating 
the cumulative effect of organic matter after the adaptation phase. The ameliorant pellets release 
nutrients gradually, so they have not yet shown a significant difference in growth parameters during the 
early observation phase. At 4 MSPT after the second application of the ameliorant pellets, differences 
reappeared, with the low fly ash dose producing the highest number of leaves.  This indicates that low 
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doses of fly ash support a more stable growth environment and promote the formation of early vegetative 
organs. The low dose treatment (A1) produced the highest number of leaves, while the high dose reduced 
growth response, indicating potential physiological stress due to the accumulation of toxic ions and 
nutrient imbalance. Leaves, as the primary photosynthetic organs, are highly sensitive to such conditions. 
Shakeel et al. (2021) also reported that applying 15% fly ash to carrot plants increased growth, 
photosynthetic pigment content, and antioxidant enzyme activity without causing oxidative stress. These 
findings support that moderate application of fly ash can improve plant physiological conditions and 
support vegetative growth.The number of leaves is an indicator of vegetative growth in plants that is 
greatly influenced by the availability of macro and micro nutrients. Based on Table 4, the number of pakcoy 
leaves increased as the plants aged from the second to the fourth week after transplanting. At 2 weeks 
after transplanting, treatment A₂B₂ yielded the highest number of leaves at 7.50 leaves, followed by A₁B₂ 
at 7.25 leaves. Meanwhile, the average number of leaves in the B₂ manure treatment (7.25 leaves) was 
higher than that of B₁ (6.75 leaves), indicating that the use of B₂ manure had a more positive effect on 
early leaf growth. 

At 3 WAT, the increase in the number of leaves was more clearly visible. Treatment A₁B₂ yielded the 
highest result with 11.00 leaves, followed by A₂B₂ with 9.50 leaves. The average number of leaves 
increased to 10.08 leaves for manure B₂ and 9.92 leaves for B₁, again showing the dominance of the 
influence of manure B₂. At 4 WAT, the A₁B₂ combination treatment produced the highest number of leaves 
at 12.13 leaves, which was statistically significantly different according to the DMRT 5% test. The A₂B₂ 
treatment followed with 11.50 leaves, also showing significance. This indicates that the combination of 
low to moderate levels of fly ash (A₁ and A₂) with manure B₂ can provide the best results for leaf growth. 
In general, these results show that the interaction between fly ash and manure affects the number of  
pakcoy leaves, with a tendency for the A₁B₂ treatment combination to be the best in enhancing pakcoy 
vegetative growth. 

Root Length 
Root length reflects the ability of plants to explore the soil to absorb water and nutrients. Based on 

the results of the analysis of variance, the combination of fly ash and manure treatments did not show a 
significant difference in the root length of pakcoy (Table 5). This is likely due to the physical properties of 
the Latosol subsoil, which has a clayey and compact texture, increasing resistance to root penetration. 
Under these conditions, roots tend to grow laterally rather than penetrating into lower layers. High soil 
density has been shown to inhibit root system growth, as reported by Yu et al. (2024), who showed that 
at a soil density of 1.7 Mg m⁻³, wheat seedling root length decreased by up to 60% compared to lower soil 
densities, regardless of differences in soil texture and moisture content. These findings indicate that 
mechanical soil resistance plays a significant role in limiting root development, including in plants such as 
pakcoy. Additionally, the short incubation period caused the pellet structure used as an ameliorant to not 
fully decompose, thus failing to optimally improve soil aggregation and porosity. As a result, roots 
struggled to penetrate the still compact soil aggregates, leading to more lateral root growth in the upper 
layer. 

Table 5. Effect of Pellet Application Ameliorant Combination of Fly Ash and Manure on Pakcoy Root 
Length 

Fly Ash 
Fertilizer 

Average 
B1 B2 

Length Root 
--------cm-------- 

A1 9.53 10.00 9.76 

A2 9.05 11.95 10.50 

A3 8.50 11.30 9.90 

Average 9.03 11.08  

 
Root length is an important indicator in assessing a plant's ability to absorb water and nutrients 

from the soil. Based on the data in Table 5, the results show that the application of a combination of fly 
ash and manure ameliorants has an effect on the root length of pakcoy plants. The highest treatment was 
achieved by the A₂B₂ combination with a root length of 11.95 cm, followed by A₃B₂ at 11.30 cm, and A₁B₂ 
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at 10.00 cm. This indicates that the B₂ manure treatment generally contributes more to root length 
increase compared to B₁. The average root length in the B₂ manure treatment was 11.08 cm, higher than 
B₁ at 9.03 cm. Additionally, when considering the fly ash treatments, treatment A₂ showed the highest 
average root length at 10.50 cm, followed by A₃ at 9.90 cm, and A₁ at 9.76 cm. These results indicate a 
tendency for increased root length in the medium (A₂) and high (A₃) fly ash treatments, which may be 
attributed to the contribution of microelements from fly ash in improving soil chemical properties and 
supporting root system growth. These findings suggest that the combination of B₂ manure fertilizer with 
A₂ fly ash has great potential to enhance the root system of pakcoy plants, which indirectly strengthens 
the plants resistance to environmental stress and improves nutrient absorption efficiency. 

Dry and Wet Weight  
Observations of the wet and dry weights of pakcoy plants were conducted to evaluate the biomass 

response to the application of a combination of fly ash and manure. Based on the results of the DMRT test 
at the 5% level, the chicken manure treatment (B₂) had a significantly different effect on wet weight, with 
values that were significantly higher than those of cow manure (B₁). This increase in wet weight is likely 
due to the higher availability of nutrients in chicken manure, which supports optimal vegetative growth of 
the plants. Conversely, for dry weight, the treatments did not show a significant difference, indicating that 
the treatments did not sufficiently influence the accumulation of dry matter in the plants. The complete 
results are presented in Table 6. 

Table 6. Effect of Fly Ash Ameliorant Pellets and Manure on Fresh and Dry Weight of Pakcoy 

Fly Ash 
Fertilizer 

Average 
B1 B2 

Wet Weight 
--------g-------- 

A2 11.90 13.75 12.83 

A3 11.88 15.31 13.60 

A1 10.23 15.30 12.77 

Average 11.34 b 14.79 a  

Dry Weight 
--------g-------- 

A1 0.89 1.19 1.04 

A2 0.98 1.08 1.03 

A3 0.81 0.88 0.85 

Average 0.89 1.05  

Note: Numbers in rows and columns followed by the same lowercase letter indicate significantly different according 
to the DMRT post hoc test at the 5% level. 

Observations of the wet weight of pakcoy plants showed that the combination of manure and fly 
ash treatments had a significant effect. The best treatment was shown by the A₃B₂ combination with the 
highest wet weight of 15.31 g, followed by A₁B₂ at 15.30 g, and A₂B₂ at 13.75 g. The average wet weight in 
the manure treatment B₂ (14.79 g) was consistently higher than B₁ (11.34 g), indicating that the dose or 
characteristics of manure B₂ were more effective in increasing the fresh biomass growth of pakcoy. Based 
on the DMRT test at the 5% level, this difference is significant, as indicated by the presence of 
distinguishing letters on the average wet weight. Meanwhile, for dry weight, the highest value was 
obtained in the A₁B₂ combination at 1.19 g, followed by A₂B₁ at 0.98 g, and A₂B₂ at 1.08 g. Overall, the 
average dry weight in treatment B₂ (1.05 g) was also higher than B₁ (0.89 g). This indicates that B₂ manure 
not only increases water content and fresh biomass of the plant but also supports the formation of dry 
biomass, which represents the more permanent accumulation of photosynthates. Overall, it can be 
concluded that the use of fly ash ameliorant in combination with manure, particularly B₂, can increase the 
wet weight and dry weight of pakcoy plants. These results indicate a synergy between the macro and micro 
nutrient content of fly ash and the organic matter from manure, which together improve soil structure 
and nutrient availability, supporting optimal plant growth. 
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Photosynthesis Test 
Photosynthetically Active Radiation (PAR) or generally called Photosynthesis test is a vital process 

that occurs in plant leaves, where energy from sunlight is used to convert carbon dioxide (CO₂) and water 
into organic compounds such as glucose and oxygen. This process not only forms the basis for plant growth 
but also supports the formation of biomass, proteins, fats, nucleic acids, and other organic compounds 
essential for plant metabolism. The higher the efficiency of photosynthesis in leaves, the more optimal the 
growth, productivity, and quality of plant yields such as leafy vegetables, including pakcoy. Conversely, low 
photosynthesis rates can lead to growth inhibition, reduced crop yields, and decreased plant nutritional 
quality. To evaluate photosynthesis efficiency in plants, five main physiological parameters are tested. First, 
PAR is the amount of light (in the 400–700 nm spectrum) available and usable by plants for photosynthesis. 
The higher the PAR value received by the leaves, the greater the likelihood of photosynthesis occurring, 
provided other factors are supportive. Second, Pn (Net Photosynthesis Rate) measures the net rate of 
photosynthesis, which is the difference between the carbon absorbed for photosynthesis and that 
released through respiration. A high Pn value indicates efficient conversion of light energy into organic 
matter. Third, Ci (Internal CO₂ Concentration) describes the availability of carbon dioxide in the 
intercellular space of leaves, which is important as a raw material for photosynthesis; values that are too 
high or too low may indicate constraints in the photosynthetic or stomatal process.  

The fourth parameter is E (Transpiration Rate), which is the rate of water evaporation from stomata. 
Balanced transpiration indicates equilibrium between CO₂ uptake and water loss. However, excessively high 
transpiration can cause drought, while excessively low transpiration may indicate closed stomata and 
disrupted photosynthesis. Finally, C (Stomatal Conductance) measures the extent to which stomata are open 
or closed in regulating gas exchange (CO₂ intake and water vapor release). Optimal stomatal conductance 
values are crucial for supporting efficient photosynthesis without compromising the plant's water balance. 
Thus, these five parameters are interrelated and play a significant role in determining a plant's photosynthetic 
efficiency. Changes in any one parameter can affect the entire physiological process of the plant, particularly 
in biomass formation, crop quality, and the plant's resilience to environmental stress. 

Table 7. Photosynthesis rate test of Pakcoy Plant of B1 Treatment 

Treatment PAR Pn Ci E C 

A1 0.1667 -43.09 796.2 0.856 185.2 

A2 0.25 -57.73 920.5 0.73 170.6 

A3 0.1 -11.72 748.8 1.043 227.89 

Note:  (B1) cow manure. 
PAR : Photosynthetic Active Radiation (μmol m⁻² s⁻¹);  Pn : Net Photosynthesis Rate (μmol m⁻² s⁻¹); Ci : Internal 
CO2 (ppm);  E : Transpiration Rate (μmol m⁻² s⁻¹); C : Stomatal Conductance (μmol m⁻² s⁻¹). 

Measurements of photosynthesis parameters in treatment B1 showed that the highest PAR value 
was found in treatment A2 at 0.25 μmol m⁻² s⁻¹, but this resulted in the lowest net photosynthesis rate 
(Pn) of -57.73 μmol CO₂ m⁻² s⁻¹. This indicates that high light availability does not directly increase 
photosynthetic efficiency if not balanced by other internal factors. Treatment A1 with a PAR of 0.1667 also 
showed a negative Pn of -43.09, with a Ci value of 796.2 ppm, E of 0.856 mmol H₂O m⁻² s⁻¹, and stomatal 
conductance (C) of 185.2 mmol m⁻² s⁻¹. Interestingly, treatment A3, which had the lowest PAR value of 0.1, 
showed the best Pn value among the three, at -11.72. This is likely influenced by the highest transpiration 
rate (1.043) and highest stomatal conductance (227.89), which support more optimal CO₂ diffusion into 
the leaves. Although the Pn value remains negative, this condition indicates that A3 has relatively better 
photosynthetic efficiency compared to the other treatments in B1. 

Table 8. Photosyntesis test of Pakcoy Plant of B2 Treatment 

Treatment PAR Pn Ci E C 

A1 0.45 -37.49 720.7 0.63 117.85 

A2 0.1 57.92 859.6 0.75 138.22 

A3 0.1 -59.41 744.6 0.673 103.91 

Note:   Note: (B2) chicken manure. 
PAR : Photosynthetic Active Radiation (μmol m⁻² s⁻¹);  Pn : Net Photosynthesis Rate (μmol m⁻² s⁻¹); Ci : Internal 
CO2 (ppm);  E : Transpiration Rate (μmol m⁻² s⁻¹); C : Stomatal Conductance (μmol m⁻² s⁻¹). 
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In treatment B2, the results obtained showed a significant difference compared to treatment B1. 
Treatment A2 produced the highest Pn value of 57.92 μmol CO₂ m⁻² s⁻¹, the only treatment with a positive 
net photosynthesis value. This indicates that photosynthesis was active and efficient under these 
conditions, even though the PAR value was only 0.1. The high Ci value (859.6 ppm) and relatively large 
stomatal conductance (138.22 mmol m⁻² s⁻¹) are likely the primary factors supporting the increased 
photosynthetic efficiency in A2. Conversely, treatment A3 showed the lowest Pn value of -59.41 with 
relatively low PAR, Ci, and C values, indicating constraints at both the CO₂ diffusion level and internal 
photosynthetic processes. Although A1 had the highest PAR value (0.45), the resulting Pn value remained 
negative (-37.49), confirming that high light intensity does not guarantee increased photosynthesis 
without the support of other optimal physiological conditions. Overall, the results of treatment B2 indicate 
that improvements in photosynthetic efficiency are more influenced by internal plant regulation, such as 
stomatal conductance and internal CO₂ concentration, rather than simply light availability. 

The Effect of Pelletized Fly Ash and Manure Amendments on Soil Chemical Properties 
Based on the results of the analysis of variance (ANOVA), the combined application of fly ash and 

manure showed a significant effect on Ca²⁺ leaching one week after the application of the pelletized 
ameliorant (Table 7). The significant influence of the fly ash composition is presumed to result from the 
accelerated mineralization of CaO in fly ash, facilitated by the presence of 55% manure. This finding aligns 
with the statement by Saha et al. (2016), who reported that the addition of organic amendments such as 
manure enhances cation exchange capacity (CEC) and exchangeable calcium (Ca-exch), indicating greater 
release of CaO from fly ash. A significant difference was also observed in Na⁺ leaching, particularly 
between manure types. Chicken manure (B2) resulted in significantly higher Na⁺ leaching compared to 
cow manure (B1). This increase in Na⁺ concentration is associated with the inherently higher sodium 
content found in chicken manure than in cow manure, as previously reported by (Jalali & Ranjbar, 2019). 

Table 7. Chemical Characteristics of Percolate (Ca²⁺, Na⁺, pH, TDS, and EC) at Week 1 After Application 
of Pelletized Fly Ash and Manure Amendments 

Soil Paramater Fly Ash 
Fertilizer 

Average 
B1 B2 

 
Ca2+ 

--------ppm-------- 
A1 287.50 362.50 325 a 
A2 167.50 225 196.25 b 
A3 170 172.50 171.25 b 

 Average 208.33 253.33  

 
Na+ 

--------ppm-------- 

A1 76.25 86.75 81.50 

A2 65.50 86.75 76.13 

A3 69,25 77.75 73.50 
 Average 70.33 b 83.75a  

pH 

---------pH--------- 

A1 6.31 6.20 6.26 

A2 6.74 7.25 7 

A3 6.14 7.33 6.73 
 Average 6.40 6.93  

TDS 

--------ppm-------- 

A1 496 454 475 

A2 485.75 486.75 486.25 

A3 594 428.25 551.13 
 Average 525.25 456.33  

EC 

--------ppm-------- 
A1 996.25 907 951.63 
A2 975.75 972 973.88 
A3 1191.50 854.75 1023.13 

 Average 1054.50 911.25  

Note: Numbers in rows and columns followed by the same lowercase letter indicate significantly different according 
to the DMRT post hoc test at the 5% level. 
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Based on Table 7, it was observed that the percolate Ca²⁺ concentration in the pakcoy treatment 
with 25% fly ash was higher compared to treatments with 35% and 45% fly ash. The presence of CaO in 
the fly ash interacted synergistically with organic manure, enhancing cation exchange capacity (CEC) and 
accelerating nutrient release, especially in the treatment containing 55% manure. This resulted in a greater 
concentration of exchangeable Ca²⁺ in the treatment with fly ash 25%, manure 55%, and starch 20% (A1), 
as compared to the 35% fly ash (A3), 45% fly ash (A2), and manure 35% (A3) treatments. According to 
(Foronda and Colinet et al., 2022), the application of cattle or poultry manure enhances Ca²⁺ release in 
the rhizosphere and improves soil structure, which contributes to an increase in Exchangeable Sodium 
Percentage (ESP). Simultaneously, Ca²⁺ mineralization from organic matter promotes floc formation and 
aggregation, improving soil structure due to calcium's cation bridging effect. However, soil characteristics 
remain crucial, as clay dispersion and breakdown of clay minerals may still occur despite high additions of 
Ca²⁺ and organic matter (Wuddivira & Camps-Roach, 2006). 

The fly ash used in this study had a CaO content of 25,500 ppm, while the initial exchangeable Ca 
content (Ca-dd) of the soil prior to treatment was 5.4 cmol.kg⁻¹ or approximately 1,080 ppm, indicating 
high mineralization potential and nutrient release. However, the rate of availability is influenced by organic 
matter content and the surface area contact between soil particles and the pelletized material. (Theresa 
et al., 2021) reported that the nutrient release pattern from fly ash combined with organic matter results 
in stable pH and EC after the third week, while nitrogen and phosphorus become available by the fourth 
week. Nutrient adsorption-desorption processes in fly ash are strongly influenced by humic acids derived 
from coal combustion residues, which govern chelation, buffering, mineral-organic interaction, and cation 
exchange, ultimately affecting nutrient availability timing (Akimbekov et al., 2023). According to Table 7, 
the Na⁺ concentration in the percolate was higher in treatments using poultry manure compared to cattle 
manure. The elevated Na⁺ levels in poultry manure can be attributed to the addition of electrolytes and 
NaHCO₃ in poultry feed, commonly used to improve eggshell quality. Poultry manure tends to increase pH 
more rapidly in the topsoil and promotes salt leaching in the subsoil (Haynes and Judge., 2008). 
Furthermore, the higher nitrogen content in poultry manure accelerates nutrient mineralization 
processes, facilitating the dissolution of Na⁺ into the soil solution (Hao & Chang, 2003). 

High TDS levels observed in various treatments are linked to increased leaching of soluble ions due 
to irrigation, which can raise osmotic pressure around the roots and reduce nutrient availability. These 
dissolved ions bind soil water tightly, causing water to move from areas of lower to higher solute 
concentration, particularly in subsoil layers, leading to plasmolysis in root cells and inhibited plant growth. 
Salt accumulation in the rhizosphere disturbs ionic homeostasis in root cells, causing nutrient deficiencies 
due to imbalanced ionic competition in the soil (Machado & Serraheiro, 2017). Elevated TDS levels 
increase ion concentration in the soil water film, thereby reducing water potential in the rhizosphere. As 
a result, water moves osmotically from root cells into the soil, causing loss of turgor and plasmolysis 
(Julkowska & Testerink, 2015). This disrupts water and essential ions (K⁺, Ca²⁺, NO₃⁻, PO₄³⁻) transport into 
root cells. Turgor-deficient cells fail to expand cell walls effectively, reducing nutrient and water absorption. 
Soil electrical conductivity (EC) measures the capacity of the soil solution to conduct electricity, which is 
directly influenced by the concentration of dissolved ions such as K⁺, Ca²⁺, Mg²⁺, NO₃⁻, and HCO₃⁻—these 
being dissociated forms of nutrients available to plants. The optimal EC range of 1.8–2.4 dS·m⁻¹ supports 
sufficient ion dissociation without exerting osmotic stress (Shrivastava & Kumar, 2014). The analysis of 
variance (ANOVA) results indicated that the treatment of fly ash composition, the type of organic manure, 
and the interaction between these two factors had a significant effect on Ca²⁺ leaching in the second week 
following the application of the pelletized ameliorant (Table 8). 

The data in Table 8 show that the Ca²⁺ concentration in the percolate of pakcoy plants treated with 
fly ash 35%, manure 45%, and starch 20% (A₂) was higher than that observed in treatments with fly ash 
25%, manure 55%, starch 20% (A₁) and fly ash 45%, manure 35%, starch 20% (A₃). The higher Ca²⁺ leaching 
observed in week 2 for A₂ suggests that the mineralization process of CaO from fly ash had started later in 
A₂, while in A₁, the initial rapid release of Ca²⁺ seen in week 1 had begun to decline. Calcium (Ca²⁺) is a 
divalent cation that is naturally favored by soil colloids due to its double charge and relatively small 
hydrated radius, enabling direct interaction with soil colloid surfaces. This allows the formation of inner-
sphere complexes with -COO⁻ groups and outer-sphere complexes with -OH groups in soil organic matter. 
The inner-sphere interaction accelerates CaO dissolution from fly ash by drawing Ca²⁺ ions into the soil 
solution, enhancing concentration gradients and shifting the reaction toward further dissolution. 
Meanwhile, the outer-sphere complex formation allows Ca²⁺ to act as a bridging ion between clay particles 
and humic molecules, enhancing colloid flocculation. These organo-mineral associations mediated by 
calcium facilitate stable soil structure formation (Rowley et al., 2021). The manure type also had a notable 
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influence. Chicken manure showed a more favorable nutrient release pattern than cattle manure, likely 
due to its higher macro-nutrient content (N, P, K) and lower C/N ratio. The lower C/N ratio accelerates the 
decomposition and mineralization of CaO from fly ash through enhanced microbial activity in the soil 
(Sant’Anna et al., 2024). In contrast, neither fly ash composition nor manure type had a significant effect 
on Na⁺ leaching, pH, or TDS during the second week after application. However, the addition of fly ash 
tended to increase pH, which in turn contributed to the increased solubility of Na⁺ in the percolate (Topac 
et al., 2008). The measured pH values of the percolate ranged from 6.16 to 6.93, indicating a slightly acidic 
to neutral trend. Fly ash, which is alkaline due to its CaO and MgO content, when combined with organic 
manure, can effectively neutralize H⁺ ions in the soil (Priatmadi et al., 2022; Tarkalson et al., 2010). This 
buffering is particularly beneficial for latosol soils, where the optimal pH range for nutrient availability is 
6.0–7.0. TDS and EC values were within acceptable limits for pakcoy growth, typically ranging from 0.8 to 
1.2 mS.cm for EC and 560 to 840 ppm for TDS (Sadiyoko et al., 2010), indicating that the soil solution 
remained within safe thresholds for plant health. 

Table 8. Chemical Characteristics of Percolate (Ca²⁺, Na⁺, pH, TDS, and EC) in the Second Week After 
Application of Fly Ash and Manure Pellet Ameliorants 

Note: Numbers in rows and columns followed by the same lowercase letter indicate significantly different according 
to the DMRT post hoc test at the 5% level. 

 
CONCLUSION 

 
This study demonstrated that the application of fly ash and manure in pellet form significantly 

influenced the vegetative growth and physiological parameters of pakcoy (Brassica rapa L.) grown on 

Soil Parameter Fly Ash 
Manure Pellet 

Average 
B1 B2 

 
Ca2+ 

--------ppm-------- 

A1 124.25 c 152.50 c 138.38 c 

A2 140 c 390 a 265 a 

A3 157.50 c 265 b 211.25 b 
 Average 140.58 b 269.17 a  

 
Na+ 

--------ppm-------- 

A1 130.75 86.50 108.63 

A2 66 96.50 81.25 

A3 72 82 77 
 Average 89.58 88.33  

pH 

---------pH--------- 

A1 6.72 6.48 6.60 

A2 6.42 6.93 6.67 

A3 616 6.24 6.20 
 Average 6.43 6.55  

TDS 

--------ppm-------- 

A1 488.25 396.75 442.50 

A2 433 578.25 505.63 

A3 495 424 459.50 
 Average 472.08 466.33  

EC 

--------ppm-------- 

A1 980 805 892.50 

A2 868.75 1159.25 1014 

A3 992.25 856 924.13 
 Average 947 940,08  
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nutrient poor or acidic soils. Among the treatments, (A₂B₂) comprising comprising 35% fly ash, 45% chicken 
manure, and 20% soil produced the most optimal outcomes across all parameters consistently produced 
the most favorable outcomes across the majority of measured parameters. In terms of plant height, the 
A₂B₂ treatment yielded the greatest growth across all observation periods from 2 to 4 weeks after 
transplanting (WAT). Similarly, the number of leaves showed a positive trend under the same treatment. 
Although the highest leaf count at 4 WAT was observed under A₁B₂, the difference was not statistically 
significant compared to (A₂B₂), which maintained consistent performance. Fresh and dry biomass weights 
were also highest under (A₂B₂) treatment, indicating better nutrient absorption and biomass 
accumulation. These findings were further supported by the highest photosynthesis rate observed under 
A₂B₂, suggesting enhanced physiological activity in plants receiving this treatment. Overall, the 
combination comprising 35% fly ash, 45% chicken manure, and 20% soil produced the most optimal 
outcomes across all parameters was identified as the optimum dosage in this study. This treatment not 
only improved plant growth and photosynthetic performance but also enhanced the physical and chemical 
properties of the soil, leading to more efficient nutrient utilization and accelerated vegetative 
development of pakcoy. Therefore, the use of this combination can be recommended as a sustainable 
organo mineral fertilization strategy utilizing waste-based inputs for environmentally friendly agriculture. 
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