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ABSTRACT 
	Background: In the Philippines, one of the most significant agricultural products is corn (Zea mays L.). Wood vinegar, or pyrolyzed biomass, is a liquid byproduct of biomass pyrolysis that contains a complex mixture of organic acids, phenolic compounds, and volatile bioactive constituents.
Aims: To evaluate the effects of different sources and levels of pyroligneous acid (PA) from kakawate and coconut husk on reducing pest and disease incidence, enhanced growth, and yield of corn (Zea mays L.), with the goal of identifying environmentally safe alternatives for enhancing corn productivity. 
Study Design: A 2 × 4 factorial experiment arranged in a split-plot design was employed over a 1,000 m² experimental area. The experimental area was first divided into two main plots, to which the two PA sources (kakawate and coconut husk) were randomly assigned. Each main plot was then subdivided into four subplots, where the PA application levels (0, 100, 150, and 200mL L⁻¹ water) were randomly allocated. 
Place and Duration of Study: The study was conducted at the Corn Production Area, Mindoro State University, Philippines, from February 3 to May 5, 2024.
Methodology: Corn plants was treated with PA according to the assigned source and level combinations. Data were collected on pest incidence (harmful and beneficial insect population), disease occurrence (leaf blight, leaf spot), growth parameters (plant height, stem diameter, ear length and width), and yield parameters (husked and unhusked ear weight, fresh and dry biomass, and yield per plot). Statistical analyses were performed to determine significant differences among treatments (p ≤ 0.05). 
Results: Corn treated with PA from coconut husk (A2) exhibited significantly lower pest and disease incidence, including resistance to corn borer, armyworm, leaf blight, and leaf spot. Growth and yield parameters were also enhanced, with taller plants, wider stems, longer and wider ears, and heavier biomass and yield per plot. Application of 150 mL PA L⁻¹ of water (B3) further improved pest and disease resistance, growth, and yield. The combined treatment of coconut husk PA at 150 mL L⁻¹ (A2B3) consistently produced the most favorable results, showing the highest resistance to pests and diseases and the greatest improvements in growth and yield parameters. 
Conclusion: Pyroligneous acid from coconut husk applied at 150 mL L⁻¹ of water effectively enhances corn resistance to pests and diseases while promoting growth and yield. These findings suggest that PA at appropriate concentrations can serve as a potential environmentally friendly pest repellent, disease defense, and bio-stimulant, offering practical recommendations for sustainable corn production and improved farm profitability.
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1. INTRODUCTION 
Corn (Zea mays L.) is one of the most important agricultural commodities in the Philippines, ranking immediately after rice in terms of staple use and agricultural production, and serving as a major source of food, feed, and industrial products such as corn starch, corn oil, and snack foods (Department of Agriculture [DA], 2022). Philippine corn production supports a large portion of the rural economy, with both white and yellow corn cultivated across lowland and upland agroecosystems, and many Filipino households depending on white corn for daily consumption (DA, 2022; DA-MIMAROPA, 2024). Despite its socio‑economic importance, corn production is challenged by biotic stresses throughout its growth cycle, including insect pests such as the Asian corn borer (Ostrinia furnacalis) and fall armyworm (Spodoptera frugiperda), which can cause significant yield losses of 20-80% or 4.94% yield losses per larvae (Trisyono et al. 2025) and 22-67% (Togola et al. 2025; Tambo, 2023), respectively if not effectively managed through integrated pest management practices (PCAARRD, 2024; Kandil et al., 2023; Kandil & Abdelkader, 2023).

Conventional pest control in corn predominantly relies on synthetic pesticides, which are associated with environmental risks, pest resistance development, and health concerns. The declining efficacy of chemical controls against pests like the fall armyworm (Thirawut et al. 2023) underscores the need for sustainable alternatives (PCAARRD, 2024). Alongside pest pressure, rising costs of synthetic inputs have driven interest in bio‑based agricultural inputs that contribute to sustainable production systems. Pyroligneous acid (PA), also referred to as wood vinegar, is a liquid by‑product of biomass pyrolysis that contains a complex mixture of organic acids, phenolic compounds, and volatile bioactive constituents with demonstrated potential to improve plant growth, enhance stress tolerance, and suppress pathogens and pest populations (Leifeld & Walz, 2025; Kumar et al., 2025; Ofoe et al., 2024; Aguirre et al., 2020).

Recent reviews and empirical studies indicate that PA can stimulate plant growth and increase crop yields across a range of species by enhancing nutrient availability, promoting root and shoot development, and affecting soil biological activity (Leifeld & Walz, 2025; Ofoe et al., 2024; Quismorio, 2021; Cardilla et al., 2020). PA has also been reported to exhibit pesticidal and bio-stimulant effects, reducing reliance on synthetic agrochemicals while contributing to sustainable agricultural practices (Leifeld & Walz, 2025; Kumar et al., 2025). Despite these promising attributes, research on the application of PA in corn production particularly investigations comparing different PA sources and application levels, remains limited. In addition, biomass feedstock differences (e.g., coconut - Cocos nucifera) husk and kakawate - Gliricidia sepium) can influence the chemical composition of PA and thus its biological activity, including pest control efficacy and crop response, which warrants further systematic evaluation.

Furthermore, biomass feedstock differences can influence the chemical composition of PA and thus its biological activity, including pest control efficacy and crop response, which warrants systematic evaluation. Plant secondary metabolites such as phenolics, terpenoids, flavonoids, and other bioactive compounds vary with feedstock type and can influence insect behavior and physiology through repellence, antifeedant properties, or toxicity, as well as by altering soil microbial communities and soil chemistry (e.g., pH). For example, plant secondary metabolites have been shown to act as antifeedants and repellents against herbivores, reducing feeding and oviposition rates (Pavela et al., 2025), and phenolic compounds have been documented to influence insect–soil microbial interactions and plant growth outcomes depending on soil chemistry (Hu et al., 2021).

Despite the known potential of pyroligneous acid (PA) as a natural bio-input, there is limited understanding of how different biomass feedstocks (e.g., coconut husk and kakawate) and application levels influence its efficacy in pest and disease management, as well as its effects on crop growth and yield. Specifically, it is unclear which PA sources and application rates provide optimal pest suppression without compromising plant growth, and how these factors interact under field conditions. This knowledge gap is significant because identifying effective, feedstock-specific PA strategies could provide a scientifically validated, environmentally sustainable alternative to synthetic pesticides in corn (Zea mays L.) production. Hence, this study was conducted to evaluate the effects of PA sources and application levels on insect pest and disease occurrence, growth performance, and yield of corn. Specifically, it aimed to determine the influence of different PA sources on pest and disease incidence and agronomic performance, assess how varying PA application levels affect these outcomes, and examine the interaction between PA source and level in terms of pest occurrence, plant growth, and yield. The findings are expected to support the development of eco-friendly pest management strategies and promote the effective use of natural bioinputs in corn production, thereby enhancing productivity while reducing reliance on synthetic chemicals.

2. material and methods 
2.1. Materials
The materials used in the study included primary materials, farm inputs, and laboratory apparatus. Primary materials consisted of 1 kg of Sweet Pearl (F1) sweet corn seeds, 100 kg of fresh coconut husk, and 100 pieces of kakawate (Gliricidia sepium) wood. Farm inputs included complete fertilizer, urea fertilizer, vermicompost, and pyroligneous acid derived from coconut husk and kakawate. Laboratory apparatus and basic field tools were used for measurement, application, and data collection.

2.2. Methods
2.2.1. Experimental Design and Treatment
A 2 × 4 factorial experiment arranged in a split-plot design was employed over a 1,000 m² experimental area. The experimental area was first divided into two main plots, to which the two PA sources (kakawate and coconut husk) were randomly assigned. Each main plot was then subdivided into four subplots, where the PA application levels (0, 100, 150, and 200mL L⁻¹ water) were randomly allocated.

The treatments are as follows:
Factor A- Sources of Pyroligneous acid (Wood Vinegar)
A1 – kakawate wood 
A2 – fresh coconut husk

Factor B – Levels of application
B1 – 0 mL PA L⁻¹ water (Control)
B2 – 100 mL PA L⁻¹ water
B3 – 150 mL PA L⁻¹ of water
B4 – 200 mL PA L⁻¹ of water

Treatment Combinations
A1B1 – 0 mL kakawate woods L⁻¹ water (Control)
A1B2 – 100 mL kakawate woods L⁻¹ water application
A1B3 –150 mL kakawate woods L⁻¹ water application
A1B4 – 200 mL kakawate woods L⁻¹ water application
A2B1 – 0 mL fresh coconut husk L⁻¹ water (Control)
A2B2 –100 mL fresh coconut husk L⁻¹ water application
A2B3 –150 mL fresh coconut husk L⁻¹ water application
A2B4 – 200 mL fresh coconut husk L⁻¹ water application

2.2.2. Procurement of Corn Seeds
Sweet Pearl (F1) sweet corn was procured at the Concepcion Agricultural Supply Store in Calapan City, Oriental Mindoro. The seeds were procured one (1) day before planting. 

2.2.3. Pyroligneous Acid Extraction Process 
Pyroligneous acid from kakawate wood and fresh coconut husk was extracted at the wood vinegar facility of Mindoro State University. The extraction process of pyroligneous acid from kakawate wood and fresh coconut husk started with the loading of the burning chamber and the pyroligneous acid production until it reached 21.6 L for each source of plant materials.  The extraction was conducted separately for each waste material and was carried out by the assigned personnel of the wood vinegar facility at the University. 

2.2.4. Laboratory Analysis
The pyroligneous acid samples of 500 ml each were bottled uniformly using empty bottles of distilled water, and they were properly labeled and brought to the chemical laboratory of the Philippine Coconut Authority in Visayas Avenue, Diliman, Quezon City, for analysis. 

2.2.5. Soil Analysis
Before the start of the experiment, soil samples were randomly collected in different parts of the experimental area using a shovel. Approximately 15 cm deep from the topsoil, a slice of soil measuring 2 cm was taken from the top soil. These were mixed thoroughly and air-dried for three (3) days. One kilogram of composite soil samples was taken and sent to the DA-Integrated Laboratory Division at Barcenaga, Naujan, Oriental Mindoro for NPK analysis and soil pH.

2.2.6. Preparation of Experimental Site
The experimental site was prepared one (1) month before planting. Harrowing and plowing with the use of working animals were done in two (2) days.

2.2.7. Furrowing
Furrowing of the area was done within the day by manual cultivation using a shovel before planting. Furrowing was done and prepared at a distance of 70 cm and a depth of eight (8) cm

2.2.8. Laying out of Experimental Area
The experimental area was laid out using bamboo stakes and strings. It was divided into two (2) groups, and each group was divided into four (4) replications measuring 5 m x 24 m each. Each replication was subdivided into four (4) plots measuring 30 m2, each representing the four (4) levels of application. A one-meter distance was provided between blocks and a half-meter between plots.

2.2.9. Fertilizer Application
The fertilizer application was based on the recommended rate derived from the results of the soil analysis, particularly the levels of nitrogen (N), phosphorus (P), potassium (K), and soil pH. A basal application equivalent to 50% of the total recommended fertilizer rate was applied prior to planting. This consisted of 3 g of 14-14-14, 2 g of 16-20-0, and 1.5 g of 0-0-20 per furrow before planting.

Side-dressing was carried out 25 to 30 days after planting (DAP), applying the remaining 50% of the recommended rate at 3 g of 14-14-14, 2 g of 16-20-0, and 1.5 g of 0-0-20 per plant. All fertilizer materials were immediately covered with soil through shallow hilling-up to minimize nutrient loss and prevent volatilization and runoff.

2.2.10. Sowing of Seeds
Two (2) corn seeds per hill were sown at a distance of 25 cm. The seeds were covered immediately with a thin layer of soil to prevent direct exposure to solar radiation. Thinning was done 12 days after germination, leaving only one (1) seedling per hill.


2.2.11. Application of Pyroligneous Acid
Two weeks after sowing, when the plants had fully emerged, pyroligneous acid was applied as a foliar spray at predetermined concentrations of 0-, 100-, 150-, and 200-mL L⁻¹ of water. These application rates were selected based on evidence from previous studies showing that the biological effects of PA on plant growth and pest suppression are concentration‑dependent, with low to moderate dilutions generally enhancing plant growth and stress tolerance, and higher concentrations potentially causing phytotoxic effects or acting as repellents (Leifeld & Walz, 2025). Specifically, reviews of PA agronomic research indicate that with diminishing returns or adverse effects at higher rates, thereby supporting the exploration of broader concentration levels to capture potential bio-stimulant and pest control responses (Leifeld & Walz, 2025). Moreover, bio-stimulant effects on stress mitigation and pathogen suppression were reported with repeated applications at regular intervals in multiple crop systems, justifying the 2‑week spray interval until fruiting (Leifeld & Walz, 2025). Each treatment was applied to the entire plant using three liters of diluted solution per plot at approximately 20–30 PSI pressure.

2.2.12. Care of the Plants
The weeds observed in the plots were hand-pulled to avoid competition for nutrients, water, and light between the weeds and the crops. A month after planting, side dressing application of fertilizers was done, and cultivation by hilling-up was done using a spade. Further, the occurrence of pests and diseases was noted every week by ocular inspection of the presence of insects and symptoms of disease.

2.2.13. Harvesting
The study was focused only on green corn production. Sweet corn was harvested 65 days after planting. Maturity indices such as the color of husks and silks were considered before harvesting. Corn was harvested early in the morning by detaching the corn ears from the stalk using a sharp bolo. Each sample corn ear was placed in a properly labeled individual crates and baskets with treatment labels. The harvested corn was immediately brought to the weighing area to avoid desiccation due to the heat of the sun.

2.2.14. Data Gathering
Occurrence of Pests and Diseases 
For the incidence of pests and diseases, ocular inspection was done. Sample plants were monitored once a week and the occurrence of pest population and symptoms of diseases were recorded. Insect pest damage and disease severity were assessed using adapted CIMMYT and Horsfall–Barratt ordinal rating scales (i.e., 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance), wherein numerical scores corresponded to increasing levels of plant damage or lesion abundance, expressed as percentage ranges of affected plant population or leaf area (CIMMYT, 2004; Horsfall & Barratt, 1945; Kandil et al. 2023; Sisay et al. 2019).

Number of beneficial and harmful insects present in the experimental area 
The population of beneficial and harmful insects in the experimental area was monitored through ocular inspection conducted once a week throughout the cropping period. Visual observations were performed in the early morning (07:00–09:00 h), when insect activity is relatively stable and environmental disturbances such as high temperature and wind are minimal. Insects present on the plants within each plot were visually counted and identified, then classified as beneficial or harmful based on their functional role using standard entomological identification guides. Weekly morning observations using visual sampling are widely employed in field-based insect population studies to ensure consistency and reliability of abundance estimates (Mansour et al. 2021; Pedigo & Rice, 2014).

Growth Parameters
Growth parameters included plant height, number of leaves, and stalk diameter. Plant height was measured from randomly selected sample plants per plot at two-week intervals from the soil surface to the tip of the uppermost fully extended leaf, and at tasseling, from ground level to the base of the tassel for consistency (IBPGR & CIMMYT, 1991). The number of fully developed leaves was counted from the same sample plants one day prior to harvest to assess final vegetative growth and photosynthetic potential. Stalk diameter was measured at harvest using a digital Vernier caliper at the mid-portion of the stalk, approximately 1 cm below the ear attachment, following standard maize morphological characterization procedures (IBPGR & CIMMYT, 1991).

Yield Parameters
Yield parameters included ear diameter, ear length, ear weight (with and without husk), fresh and dry biomass weight, and yield per plot. Ear diameter and length were measured from dehusked ears at the midpoint and from base to tip, respectively, following standard maize characterization procedures (IBPGR & CIMMYT, 1991). Unhusked ears were first weighed at harvest (65 days after sowing), then dehusked and reweighed to determine husked ear weight, following established yield component analysis methods (Ngoune Tandzi & Mutengwa, 2019). Fresh biomass weight was recorded immediately after harvest to minimize moisture loss, while dry biomass weight was determined after sun-drying the samples to constant weight (Szulc et al., 2021). Yield per plot was computed from the total fresh weight of harvested ears within the sampling area and standardized based on the number of hills per plot to ensure comparability across treatments (Ngoune Tandzi & Mutengwa, 2019).
          
2.2.15. Data Analysis
All data collected were consolidated, organized, encoded, and tabulated according to the split-plot experimental design. Prior to analysis, data were tested for normality using the Shapiro-Wilk test and for homogeneity of variances using Levene’s test to ensure compliance with ANOVA assumptions. Data were then analyzed using Analysis of Variance (ANOVA) in SAS software (version 9.4). Significant differences between treatment means were determined using Tukey’s Honestly Significant Difference (HSD) test at a significance level of P ≤ 0.05.

The statistical tool used is as follows: 
Yijkl = μ + Ti + Sj + P(ij) + Bk + εijkl
Where: Yijkl = response variable
	μ = overall mean
	Ti = effect of the ith main plot (sources of pyroligneous acid)
	Sj = effect of the jth sub plot (levels of pyroligneous acid)
	P(ij) = effect of the jth sub plot in the ith main plot (interaction of the sources and 	levels of pyroligneous acid)
	Bk = effect of the kth blocking factor 
		εijkl = residual error

[bookmark: _GoBack]3. results and discussion
3.1. Nutrient Composition of Kakawate and Coconut-Husk Derived Pyroligneous Acid
The nutrient analysis of the pyroligneous acid (PA) derived from kakawate and coconut husk (Table 1) revealed distinct differences in macronutrient content and physicochemical properties that have important implications for plant growth and soil processes. Both PA sources contained relatively low total nitrogen (N), with kakawate PA at 0.017% and coconut husk PA at 0.072%. Such low N concentrations are consistent with the typical composition of PA, which is a by-product of biomass pyrolysis in which most volatile N compounds are lost or transformed into gaseous products (Quattara et al. 2023; Urrutia et al. 2022; Anom & Mamangkey, 2016). As a consequence, the contribution of PA as a direct N fertilizer is minimal. However, PA has been shown to act as a biostimulant, enhancing nutrient uptake efficiency and metabolic activity in plants through mechanisms unrelated to direct N supply (Abinandan et al. 2025; Akkus et al. 2022). The presence of organic acids and phenolic compounds in PA can improve root membrane permeability and stimulate nutrient transporters, thereby enhancing plant nutrient acquisition even when inherent N content is low (Leifeld & Walz, 2025; Ofoe et al. 2024; Simma et al. 2017).

Distinct differences were observed in total phosphorus (P) and potassium (K) content between the two PA sources. Coconut husk PA exhibited higher P (48.58 mg/kg) and K (116.28 mg/kg) compared to kakawate PA (15.91 mg/kg P and 32.15 mg/kg K). This variation likely reflects inherent nutrient differences in the original biomass, as coconut husk has been reported to contain higher levels of mineral nutrients than many woody biomass types (Xu et al. 2021; Yang et al. 2016; Reddy et al. 2013). Phosphorus and potassium are critical macronutrients for energy transfer, root development, enzyme activation, and osmoregulation in plants. Although the absolute quantities of P and K in PA are modest relative to conventional fertilizers, their presence in a liquid and partially soluble form may enhance their bioavailability, particularly under conditions where nutrient immobilization limits plant uptake (Ofoe et al. 2024; Reddy et al. 2013). Furthermore, PA has been reported to promote soil P solubilization through organic acid-mediated chelation of soil minerals, thereby increasing P availability to roots (Akley et al. 2023).

The total organic matter (OM) content of PA was high for both sources (86.53% for kakawate and 81.67% for coconut husk), reflecting the significant presence of volatile organic compounds, organic acids and phenolics that are characteristic of pyroligneous liquids (Akkus et al. 2022; Yang et al. 2016; Reddy et al. 2013). Organic matter plays a pivotal role in soil health, influencing microbial activity, soil structure, and nutrient cycling (Ofoe et al. 2024; Sivaram et al. 2022; Reddy et al. 2013). Organic acids in PA can serve as substrates for soil microorganisms, stimulating microbial proliferation and activity, which in turn accelerates the decomposition of native soil organic matter and the cycling of nutrients (Sivaram et al. 2022). Enhanced microbial activity has been correlated with improved root growth and nutrient uptake in several crop species, suggesting that PA’s high organic matter content may indirectly benefit plant performance beyond nutrient contribution alone (Kumar et al. 2025; Ofoe et al. 2024).

The acidic pH of both PA sources (4.5-4.6) is consistent with values reported in the literature and is attributed to the presence of acetic, formic, and other low-molecular-weight organic acids formed during pyrolysis (Leifeld & Walz, 2025). Although the application of slightly acidic amendments can transiently lower soil pH, potentially increasing the solubility of micronutrients such as Fe, Mn, and Zn, prolonged acidification may also risk reducing the availability of base cations if applied excessively (Sivaram et al. 2022; Zhou et al. 2022). In this study, the careful management and appropriate dilution of PA likely mitigated any deleterious acidification effects while contributing to enhanced nutrient solubilization.

Taken together, the nutrient profile of PA from both kakawate and coconut husk supports the hypothesis that PA can act as a multifunctional soil amendment. Rather than serving primarily as a nutrient source, PA appears to influence plant growth through enhanced nutrient availability and biological stimulation. This interpretation is supported by studies demonstrating that PA application can improve crop growth, yield, and physiological performance when used in conjunction with conventional fertilization regimes (Kumar et al. 2025; Leifeld & Walz, 2025; Ofoe et al. 2024). Specifically, the higher P and K contents observed in coconut husk PA may confer greater potential for supporting crop nutritional demands compared to kakawate PA, particularly in soils where these nutrients are limiting.



Table 1. Nutrient analysis of pyroligneous acid from kakawate and coconut husk

	Pyroligneous Acid Sources
	Nutrient Composition

	
	Nitrogen (N), Total, %
	Phosphorus (P), Total, mg/kg(ppm)
	Potassium (K), Total, mg/kg (ppm)
	Organic Matter (OM), Total, %
	pH

	Kakawate
	0.017
	15.907
	32.152
	86.526
	4.5

	Coconut husk
	0.072
	48.581
	116.278
	81.673
	4.6


Source of Analysis: Philippine Coconut Authority, 03 April 2024
                                                                            
3.2. Pest and Disease Occurrence
The presence of pests and diseases was monitored weekly, recorded, and analyzed using a rating scale. The presence of insect pests was rated based on the number of holes per leaf. The incidence of diseases was rated in terms of the percent of infection. The number of insect pests in the experimental area was decreasing until the date of the harvesting of sweet corn, as were the symptoms of diseases. It was mostly observed and recorded in crops with the application of pyroligneous acid from coconut husks.

3.2.1. Harmful insects
Analysis on the degree of infestation against corn earworm shows comparable (p>0.05) results, which implies that regardless of sources of pyroligneous acid, all corn plants were very resistant from earworm (Table 2).

On the other hand, corn applied with pyroligneous acid made from Coconut husk (A2) were significantly (p<0.05) more resistant against corn borer (3.13 – resistance) and army worm (2.63 – very resistance) compared to corn applied with pyroligneous acid made from kakawate (A1) which is moderately resistant.

Though no direct validation on the effect of sources of pyroligneous acid on the degree of infestation in corn, results could probably due to the higher Potassium (K) content (Table 1) of pyroligneous acid made from Coconut husk which is used by plants to help sustain overall plant health by maintaining plant turgidity (Kumar et al. 2025), increasing root growth (Akley et al. 2023), improves drought resistance, reduction of respiration and preventing energy losses (Xu et al., 2021). Moreover, the composition of wood vinegar includes a mixture of organic acids, phenols, ketones, aldehydes, alcohols, and esters, which contribute to its antimicrobial properties and also the carbonyl compounds (Yang et al. 2016). These compounds show anti-fungal, bio-preservative, antioxidant and insecticidal effects in addition to their use as flavoring agents (Akkus et al. 2022; Xu et al. 2021; Yang et al. 2016; Reddy et al. 2013). 

Table 2. Degree of infestation as affected by the different sources of pyroligneous acid

	Factor A
Sources of Pyroligneous Acid
	Corn Earworm
	Corn Borer
	Army worm

	A1 - Kakawate
	1.00a
	4.38a
	3.94a

	 B2 - Coconut husk
	1.00a
	3.13b
	2.63b


Legend: Means with in the column with similar superscript are not significantly different (p>0.05); 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance

Analysis on the degree of infestation against corn earworm regardless of levels of pyroligneous acid (Table 3) were comparably very resistant (p>0.05). In terms of the degree of infestation against corn borer and army worm applied with 150ml PA L-1 of water (B3) were resistant (p<0.05) more resistant against corn borer (2.75 – very resistance) and army worm (1.88 – very resistance) compared to corn applied without pyroligneous acid (B1) and corn applied with 200ml PA L-1 of water (B4), but were comparable (p>0.05) to the degree of infestation of corn applied with 100ml PA L-1 of water (B2).

The reduced pest resistance observed at 200 ml PA L-1 suggests that excessively high concentrations of pyroligneous acid may diminish plant defenses, possibly due to phytotoxicity or stress effects at higher doses, as reported in other studies where bioactive compound concentration exhibited concentration‑dependent effects on plant health which shows that wood vinegar showed phytotoxicity at high concentrations while low concentrations stimulated growth in several crop species (Lacomino et al. 2024).

Findings could be correlated to the report of the study of (Dewi et al. 2020; Liu et al. 2020) that application of wood vinegar as an organic pesticide increased pest resistance in mulberry, where whitefly attack was 33.34% and wood vinegar at 2.5% (v/v) enhanced plant resistance and promoted growth, indicating that wood vinegar can influence biotic stress responses in crops. In addition, wood vinegar (pyroligneous acid), which contains organic acids, phenols, and carbonyl compounds, has been widely documented for its insecticidal and pest‑repellent properties, providing a mechanistic basis for reduced infestation levels at certain concentrations (Lacomino et al. 2024).

Table 3. Degree of infestation as affected by the different levels of pyroligneous acid
	Factor B
Levels of Pyroligneous Acid
	Corn Earworm
	Corn Borer
	Army worm

	B1 – Control
	1.00a
	4.50a
	3.63a

	B2 – 100ml/L water
	1.00a
	3.50b
	2.50b

	B3 – 150ml/L water 
	1.00a
	2.75b
	1.88b

	B4 – 200ml/L water
	1.00a
	4.00a
	3.12a


Legend: Means with in the column with similar superscript are not significantly different (p>0.05); 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance

The analysis on the combined effects of sources and various levels of pyroligneous acid on the degree of infestation of earworm revealed comparable results (p>0.05). On the other hand, 
corn plants with the most resistant against corn borer and army worm was observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk L- of water (A2B3) of 1.50±0.20 (very resistant) and 1.50±0.82 (very resistant), respectively. Conversely, the control treatment (A1B1) was the least resistant, recording 5.00 ± 0.00 against corn borer and 4.75 ± 0.50 against army worm (moderately resistant).

Results suggests that the observed optimum resistance at 150 ml PA/L aligns with broader evidence indicating that wood vinegar’s bioactive compounds can influence insect behavior and survival (Lacomino et al. 2024; Quattara et al. 2023; Akkus et al. 2022) in a dose‑dependent manner (Dewi et al. 2020; Liu et al. 2020), while excessively high concentrations may not confer additional benefits and could even reduce effectiveness.

Further, Anom and Mamangkey (2016) reported that a 10% solution of pyroligneous acid from coconut husk resulted in 80% mortality of E. sparsa insects, and a 5% solution resulted in 60% mortality. GC‑MS analysis showed that the FS‑150 fraction contained phenolic compounds, acids, and carbonyls, which likely contributed to insecticidal activity, indicating potential for development as a natural insecticide.



Table 4. Degree of infestation (Mean±SD) as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Corn Earworm
P value = >0.05
	Corn Earworm
P value = 0.0085
	Corn Earworm
P value = 0.0085

	A1B1
	1.00±0.00
	5.00±0.00
	4.75±0.50

	A1B2
	1.00±0.00
	4.00±1.15
	4.50±0.58

	A1B3
	1.00±0.00
	3.00±0.00
	3.00±0.82

	A1B4
	1.00±0.00
	4.50±0.58
	3.50±0.58

	A2B1
	1.00±0.00
	4.50±1.00
	3.75±0.50

	A2B2
	1.00±0.00
	3.50±0.41
	2.00±0.00

	A2B3
	1.00±0.00
	1.50±0.20
	1.50±0.82

	A2B4
	1.00±0.00
	4.00±1.15
	2.75±0.50


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water; 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance

3.2.2. Beneficial insects
Analysis on the presence of beneficial insects such as lady and ground beetles show significant (p<0.05) results (Table 5). Moreover, corn applied with pyroligneous acid (PA) made from Coconut husk (A2) have significantly (p<0.05) lower counted lady and ground beetles with mean of 12.69 and 9.56, respectively compared to corn applied with PA made from Kakawate (A1) with 18.69 and 16.13 mean count per corn plant.

Though no direct studies comparing the effects of different biomass feedstocks for pyroligneous acid on beneficial insect populations in corn, research on pyroligneous acid and related pyrolysis liquids indicates that their biological activity including insecticidal or repellent properties that can vary depending on the feedstock composition and resulting chemical profile. Pyrolysis liquids are known to contain phenolic compounds, organic acids, furans, and other constituents that have been associated with insecticidal activity, feeding deterrence, and irritant effects on various insect taxa (including pests and non‑target species) across multiple crop systems (Quattara et al. 2023; Urrutia et al. 2022; Anom & Mamangkey, 2016).

Table 5. Presence of beneficial insects as affected by the different sources of pyroligneous acid

	Factor A
Sources of Pyroligneous Acid
	Number of Lady Beetle
	Number of Ground Beetle

	A1 - Kakawate
	18.69a
	16.13a

	 B2 - Coconut husk
	12.69b
	9.56b


Legend: Means with in the column with different superscript are significantly different (p<0.05)

In general, corn applied with 150ml PA/L of water (B3) had significantly (p<0.05) lower count of lady and ground beetles compared to corn applied without pyroligneous acid (B1). These results indicate that the addition of PA at appropriate concentrations may influence arthropod activity or presence in the crop canopy. Further, the application of PA at 200 ml PA L⁻¹ (B4) did not further reduce beneficial insect counts relative to the 150 ml PA L⁻¹ treatment but suggested possible diminished plant resistance or altered insect behavior, leading to implications for plant health outcomes. In contrast, the 150 ml PA L⁻¹ treatment (B3) produced fewer beetles while maintaining conditions conducive to plant growth, suggesting it may represent an optimal balance between biostimulant activity and ecological compatibility for corn production.

These findings are consistent with research showing that pyroligneous acid can influence insect behavior and microbial communities through its complex chemical constituents including organic acids, phenols, and other bioactive compounds which have been observed to alter pest and beneficial insect interactions in other crop systems (Abinandan et al. 2025; Akkus et al. 2022; Xu et al. 2021; Yang et al. 2016; Reddy et al. 2013). While direct studies on PA effects on beneficial insects in corn remain limited, pyroligneous acid has been shown to possess bioactive properties that can affect insect pests and microbial dynamics in agricultural contexts, with responses varying by concentration and application method (Leifeld & Walz, 2025; Sivaram et al. 2022).

Table 6. Presence of beneficial insects as affected by the different levels of pyroligneous acid

	Factor B
Levels of Pyroligneous Acid
	Number of Lady Beetle
	Number of Ground Beetle

	B1 – Control
	18.25a
	16.38a

	B2 – 100ml/L water
	14.25b
	11.63b

	B3 – 150ml/L water 
	13.50b
	11.50b

	B4 – 200ml/L water
	16.75a
	11.88b


Legend: Means with in the column with similar superscript are not significantly different (p>0.05)
Among all treatment combinations, corn plants applied with 150 mL PA L⁻¹ derived from coconut husk (A2B3) consistently exhibited the lowest population density of both lady beetles and ground beetles, with mean count of 12.25 ± 0.96 and 8.25 ± 0.50 per plant, respectively. In contrast, the highest populations of lady beetles (22.75 ± 0.50) and ground beetles (21.25 ± 0.96) were recorded in untreated corn plants (A1B1).

Comprehensive reviews and experimental studies demonstrate that pyrolysis liquids and wood vinegars exhibit insect-repellent and behavior-modifying properties, with efficacy strongly dependent on biomass source and application rate (Quattara et al. 2023; Urrutia et al. 2022; Anom & Mamangkey, 2016). Coconut-derived pyroligneous acid, in particular, has been reported to possess a higher proportion of phenolic and acidic fractions, which may intensify repellency or reduce insect visitation at certain concentrations (Ouattara et al., 2023; Urrutia et al., 2022). This supports the consistently lower beetle counts observed under coconut husk PA treatments in the present study.

Moreover, recent evidence (Kumar et al. 2025; Leifeld & Walz, 2025; Sivaram et al. 2022) shows that pyroligneous acid (PA) can function as a biostimulant at low to moderate concentrations by improving plant physiological status and modifying metabolite profiles that influence insect behavior. Abinandan et al. (2025) and Gama et al. (2021) reported that PA alters soil and plant biochemical environments via enhanced microbial activity and metabolite production, which may indirectly regulate insect colonization without compromising plant health.

Table 7.  Presence of beneficial insects (Mean±SD) as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Number of Lady Beetle 
P value = <0.0001
	Number of Ground Beetle 
P value = <0.0001

	A1B1
	22.75±0.50
	21.25±0.96

	A1B2
	16.00±1.15
	15.00±1.41

	A1B3
	14.75±1.50
	12.25±1.26

	A1B4
	21.25±0.96
	15.00±0.82

	A2B1
	13.75±1.26
	11.50±0.58

	A2B2
	12.25±0.96
	8.75±0.50

	A2B3
	12.25±0.96
	8.25±0.50

	A2B4
	12.50±1.91
	9.75±0.29


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water

3.2.3. Disease Occurrence
The disease observed during the experiment as affected by source of pyroligneous acid is presented in Table 8. Visual scoring was conducted using established disease rating scales to evaluate symptom severity of leaf blight and leaf spot; however, no laboratory-based pathogen isolation or molecular confirmation was performed. 

Analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) have significantly (p<0.05) lesser occurrence of leaf blight and leaf spot disease compared to corn applied with pyroligneous acid made from kakawate (A2). Although direct studies comparing the effects of different PA sources on corn diseases are limited, the observed reduction in disease incidence may be attributed to the relatively higher potassium (K) content of coconut husk-derived PA (Table 1). Potassium is known to enhance overall plant health by maintaining cell turgidity, promoting root growth, improving drought tolerance, reducing respiration-related energy losses, and strengthening plant defense mechanisms against pathogens (Sinha & Tandon, 2020). Adequate K nutrition has been consistently associated with improved resistance to fungal and bacterial diseases through enhanced structural integrity and metabolic balance in plants. In addition, results also similar to the findings of Zulkarami et al. (2012) who reported that PA made from coconut dust promotes good quality with longer and wider fruits in rockmelon, suggesting a general enhancement of plant vigor, which consequently improves the yield parameters due to lesser pest attack and disease occurrence. 

Beyond nutrient effects, the antifungal properties of pyroligneous acid provide a plausible mechanistic explanation for the observed disease suppression. PA contains various bioactive compounds, including organic acids (e.g., acetic acid), phenolic compounds, and other secondary metabolites known to exhibit antimicrobial activity (Leifeld & Walz, 2025; Sivaram et al. 2022). These compounds may inhibit spore germination, disrupt fungal cell membranes, alter enzymatic activity, or create unfavorable conditions for pathogen proliferation. Phenolic compounds, in particular, are known to possess strong antifungal activity through protein denaturation and interference with pathogen metabolism ((Leifeld & Walz, 2025). Thus, the lower disease ratings in coconut husk–derived PA treatments may reflect a combined effect of enhanced plant vigor and direct antimicrobial action (Chalemsan and Peerapan, 2009).

Table 8. Disease occurrence as affected by the different sources of pyroligneous acid

	Factor A
Sources of Pyroligneous Acid
	Leaf Blight
	Leaf spot

	Kakawate
	1.75a
	1.88a

	 Coconut husk
	1.38b
	1.50b


Legend: Means with in the column with different superscript are significantly different (p<0.05); 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance

The disease observed during the experiment as affected by different levels of pyroligneous acid is presented in Table 9. In general, finding shows that the corn applied with 100ml and 150ml PA/L of water were significantly more resistant to leaf blight and leaf spot compared to corn applied without any pyroligneous acid (water). However, the 200 mL L⁻¹ treatment showed a relative increase in disease incidence compared with the 100- and 150-mL L⁻¹ treatments, particularly for leaf spot. Although still significantly better than the untreated control for leaf blight, the higher concentration appeared to reduce the protective effect. This decreasing trend at 200 mL L⁻¹ may be explained by several physiological and biochemical factors. Excessive concentrations (e.g., recommended 5-15%) of PA can increase acidity and phenolic content beyond optimal levels, potentially causing mild phytotoxic effects, leaf surface irritation, or disruption of normal metabolic processes (Chalemsan and Peerapan, 2009). High acidity may also interfere with stomatal function and nutrient uptake, temporarily stressing the plant and compromising its natural defense mechanisms. Moreover, higher concentrated PA applications may negatively affect beneficial microbial communities on the leaf surface, thereby reducing biological suppression of pathogens (Zulkarami et al. 2012; Zulkarami et al. 2011; Chalemsan and Peerapan, 2009).

These findings suggest that the efficacy of pyroligneous acid follows a concentration-dependent response, where moderate levels (100–150 mL L⁻¹) optimize antimicrobial activity and plant defense stimulation, while excessive concentration (200 mL L⁻¹) may create physiological stress that diminishes overall disease resistance. Therefore, determining the optimal concentration is critical to maximize disease suppression while avoiding potential phytotoxic or stress-related effects.

Table 9. Disease occurrence as affected by the different levels of pyroligneous acid

	Factor B
Levels of Pyroligneous Acid
	Leaf Blight
	Leaf spot

	Water 
	2.25a
	2.25a

	100ml/L water
	1.25b
	1.25c

	150ml/L water 
	1.25b
	1.25c

	200ml/L water
	1.50b
	2.00b


Legend: Means with in the column with similar superscript are not significantly different (p>0.05); 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance

In general, the highest level of disease resistance was consistently observed in corn plants treated with 150 mL PA derived from coconut husk per liter of water (A2B3), which recorded mean disease ratings of 1.00 ± 0.00 for both leaf blight and leaf spot, classified as very resistant. In contrast, corn plants treated with water alone (A1B1 and A2B1) exhibited the highest disease incidence, with mean values reaching 2.50 ± 0.41 for leaf blight and 2.50 ± 0.21 for leaf spot (Table 10).

The significantly lower disease incidence observed under treatment A2B3 confirms that 150 mL PA L⁻¹ water represents the optimal concentration for maximizing the protective effects of coconut husk–derived PA in corn. Increasing the concentration to 200 mL PA L⁻¹ water (A2B4) did not further improve disease resistance and, in some cases, resulted in slightly higher disease scores. This response suggests a threshold-dependent effect, where excessive PA concentrations may induce mild phytotoxicity or physiological stress, thereby diminishing its protective benefits.

Although direct studies evaluating the combined effects of PA source and concentration on corn disease incidence are limited, the present findings are supported by reports in other field crops. Pyroligneous acid derived from coconut biomass has been documented as an effective insect repellent and growth enhancer, indirectly reducing disease pressure by limiting insect-mediated pathogen transmission (Mmojieje & Hornung, 2015; Zulkarami et al. 2011). Similar disease-suppressive and pest-reducing effects of PA have also been reported in rice and vegetable systems when applied at optimal concentrations (Chalermsan & Peerapan, 2009).

Moreover, the superior performance of coconut husk–derived PA may be partly attributed to its higher potassium (K) content (Table 1). Potassium plays a crucial role in maintaining plant turgidity, enhancing root development, improving water-use efficiency, reducing respiratory losses, and strengthening plant defense mechanisms against pathogens (Sinha & Tandon, 2020). Adequate K nutrition has long been associated with enhanced resistance to foliar diseases by reinforcing cell walls and improving metabolic regulation, thereby limiting pathogen establishment and spread.

Table 10. Disease occurrence (Mean±SD) as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Leaf Blight 
P value = 0.0250
	Leaf spot 
P value = 0.0024

	A1B1
	2.50±0.41
	2.50±0.21

	A1B2
	1.50±0.41
	1.50±0.21

	A1B3
	1.50±0.00
	1.50±0.21

	A1B4
	1.50±0.20
	2.00±0.21

	A2B1
	2.00±0.00
	2.00±0.00

	A2B2
	1.00±0.00
	1.00±0.00

	A2B3
	1.00±0.00
	1.00±0.00

	A2B4
	1.50±0.20
	2.00±0.00


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water; 1-2.9 very resistance; 3-3.9 resistance; 4.0-5.9 – moderate resistance; 6 – 7.9 – slight resistance

3.3. Growth Parameters
3.3.1. Plant Height
Analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) was significantly (p<0.05) taller compared to corn applied with pyroligneous acid made from Kakawate (A1) during the 1st data collection (2nd week after planting). However, for the consecutive data gathering (4th, 6th and 8 weeks), comparable (p>0.05) plant height was noted (Table 11).  

Significantly taller corn plants applied with pyroligneous acid made from Coconut husk (A2) could be attributed by the low intensity of pest and pathogen which is also supported by the higher NPK content of pyroligneous acid made from Coconut husk compared to corn applied with pyroligneous acid made from Kakawate (A1). 

However, though comparable values during the 2nd up to the last data collection, the data on plant height collected at 8th weeks after planting (April 27, 2024) which ranges from 183 to 185 cm is 11 to 17% lower than the normal mature plant height of corn which ranges from 207-224 cm (Aday et al. 2017) under conventional management. These lower values could be attributed to the higher temperature ranged of 42 to 47oC as recorded by PAG-ASA (March – May 2024) which could significantly affect the growth and development of the crop.

Table 11. Plant height of corn as affected by the different sources of pyroligneous acid

	Factor A
Sources of Pyroligneous Acid
	Plant height (cm)

	
	Weeks

	
	2nd
	4th
	6th
	8th

	Kakawate
	34.94b
	97.95a
	167.29a
	183.64a

	  Coconut husk
	36.87a
	98.24a
	168.32a
	184.95a


Legend: Means within in the column with same superscript are significantly different (p>0.05)

Analysis revealed comparable (p>0.05) plant height of corn during the 4th weeks of data collection, regardless of the level of the applied pyroligneous acid. However, the data could generally show that corn plants applied with 150ml pyroligneous acid L- of water (B3) shows significantly (p<0.05) taller plants compared to other treatments (Table 12).

Concomitantly, pyroligneous acid concentration of 5 to 15 % had the most potential and significant effect in reducing pest attacks in rice hence has taller plants (Chalemsan and Peerapan, 2009). Moreover, findings also imply that applying 200ml pyroligneous acid L- of water causes a decreasing trend of plant height of corn.

Table 12. Plant height of corn as affected by the different levels of pyroligneous acid

	Factor B – Levels of Pyroligneous Acid
	Plant height (cm)

	
	Weeks

	
	2nd
	4th
	6th
	8th

	 Water 
	35.38b
	97.62a
	162.60b
	181.82b

	100ml/L water
	35.24a
	98.37a
	171.60a
	185.46ab

	150ml/L water 
	37.59a
	98.57a
	176.14a
	188.00a

	200ml/L water
	35.40b
	97.62a
	160.89b
	181.90b


   Legend: Means within the column with same superscript are significantly different (p>0.05)

Generally, the tallest plants were observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk (A2B3) while those corn applied without pyroligneous acid (A1B1 and A2B1) had the shortest plants of 39.11±2.62 cm to 188.58±5.92 cm and 33.89±1.35 to 178.97±4.01 cm, respectively (Table 13).

As to date, no available publication could present how the combining effect of different sources and levels of pyroligneous acid could affect the growth and yield of corn, hence one reason why this study is conducted. However, the significantly (p<0.05) taller corn applied with 150ml pyroligneous acid made from coconut husk (A2B3) could be correlated to the observed lesser pest attack that eventually facilitate continuous plant height increase compared to other treatments. Moreover, results could also be correlated to the report emphasized by Chalermsan and Peerapan (2009) who demonstrated that PA applied at low to moderate concentrations (5–15%) improved plant turgidity and growth, indirectly contributing to reduced pest damage. Improved turgor pressure is essential for cell expansion and internode elongation, which are key determinants of plant height. 






Table 13. Plant height (Mean±SD) of corn before the harvest as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Plant height (cm)

	
	Weeks

	
	2nd
P value = 0.2133 
	4th
P value = 0.1437
	6th
P value = 0.1008
	8th
P value = 0.0179

	A1B1
	34.47±1.90
	95.83±5.01
	162.72±3.71
	178.97±6.48

	A1B2
	35.44±0.52
	98.58±6.00
	163.22±10.01
	184.83±3.42

	A1B3
	36.08±2.01
	100.45±3.62
	169.28±4.00
	187.56±1.50

	A1B4
	35.31±1.64
	96.95±2.44
	162.47±1.59
	184.67±4.13

	A2B1
	33.89±1.35
	96.70±2.83
	158.55±5.93
	178.97±4.01

	A2B2
	35.99±1.69
	97.06±2.49
	173.67±2.46
	182.33±1.90

	A2B3
	39.11±2.62
	100.91±5.02
	178.61±4.33
	188.58±5.92

	A2B4
	36.92±1.10
	98.30±4.74
	173.92±3.45
	188.44±2.67


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water

3.3.2. Number of leaves
Analysis revealed that corn, regardless of applied pyroligneous acid made from different source (Factor A) showed comparable (p>0.05) results (Table 14). This suggests that leaf count in maize is primarily determined by intrinsic developmental patterns rather than by external applications of pyroligneous acid sourced from kakawate or coconut husk. The number of leaves a plant produces is largely under genetic and developmental control, with species- and cultivar-specific phyllochron (interval between leaf initiations) influencing total leaf count (Zulkarami et al. 2012; Zulkarami et al. 2011). Additionally, plant age and developmental stage also play important roles, as leaf count naturally increases as the plant progresses through vegetative growth (Zulkarami et al. 2011).

Similarly, Zulkarami et al. (2011) reported that in rockmelon, leaf number increased with plant age, independent of pyroligneous acid treatment, indicating that fundamental growth patterns are generally resilient to moderate biostimulant applications. These findings align with the present study, where source of PA did not significantly alter this fundamental growth parameter.

Table 14. Number of leaves of corn before the harvest as affected by the different sources of pyroligneous acid

	Factor A – Sources of Pyroligneous Acid
	Number of leaves

	Kakawate
	10.25a

	Coconut husk
	10.56a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

Analysis revealed comparable (p>0.05) number of leaves, regardless of levels of pyroligneous acid (Table 15). Findings were similar to the results reported by Zulkarami et al. (2011) and Chalemsan and Peerapan (2009) who stated that pyroligneous acid concentration of 5 to 30% and plant without pyroligneous acid had comparable number of leaves. 

Table 15. Number of leaves of corn before the harvest as affected by the different levels of pyroligneous acid

	Factor B – Levels of Pyroligneous Acid
	Number of leaves 

	     Water 
	10.25a

	    200ml/L water
	10.50a

	    150ml/L water 
	10.63a

	    100ml/L water
	10.25a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

Generally, though similar (p>0.05) number of leaves, the corn plants with the highest number of leaves was observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk per L of water (A2B3) of 10.75±0.58. Whereas, corn applied with water (A1B1 and A2B1) had the least number of leaves per plant of 10.00±0.50 and 10.00±0.82, respectively (Table 16).

Table 16. Number of leaves of corn (Mean±SD) of corn before the harvest as affected by the interaction of different sources and levels of pyroligneous acid

	Factor B
Levels of Pyroligneous Acid
	Factor A
Sources of Pyroligneous Acid

	
	Kakawate
	Coconut husk

	Water 
	10.00±0.50
	10.00±0.82

	100ml/L water
	10.25±0.50
	10.75±0.50

	150ml/L water 
	10.75±0.50
	10.75±0.58

	200ml/L water
	10.25 ±0.50
	10.50±0.58


Legend: Interaction effect of the sources and levels of pyroligneous acid are not significant (p value = 0.2489)

3.3.3. Diameter of stalk
Analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) have significantly (p<0.05) biggest stalk diameter compared to corn applied with pyroligneous acid made from Kakawate (A1) with 19.47 and 18.66 mm, respectively (Table 17). This suggests that PA derived from coconut husk provided conditions more favorable for stem thickening and overall vegetative development.

The findings could be correlated to the results of the NPK analysis of the kakawate and coconut husk pyroligneous acid. Moreover, the Nitrogen, Phosphorous and Potassium are far higher in pyroligneous acid made from coconut husk compared to pyroligneous acid made from kakawate. Further, higher NPK are very useful for helping plants to grow stems and leaves, while Phosphorus helps to produce healthy flowers, buds, roots (Zhou et al. 2022), and fruits (Leifeld & Walz, 2025) whereas potassium is used by plants to help sustain overall plant health (Fedelli et al. 2022; Sinha and Tandon, 2020).

Table 17. Diameter of main stalk (mm) of corn before the harvest as affected by the different sources of pyroligneous acid

	Factor A
Sources of Pyroligneous Acid
	Diameter of main stalk of corn (mm)

	Kakawate
	18.66b

	Coconut husk
	19.47a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

Analysis (Table 18) revealed that corn applied with 150ml pyroligneous acid per L of water (B3) have significantly (p<0.05) biggest stalk diameter with 19.50mm compared to corn applied without pyroligneous acid (B1), but were comparable to the stalk diameter of corn applied with 100ml (B2) and 200ml pyroligneous acid L- of water (B4).  

Results implies that application of pyroligneous acid (PA), regardless of level of application (100-200ml/L water) compared to water alone have potential in improving the stalk diameter of corn. In addition, results were in agreement to the findings of several publications that application of pyroligneous acid indeed improved various growth parameters in various plants which indicate that PA acts as a biostimulant, promoting vegetative growth and enhancing stem development. PA contains organic acids, phenolic compounds, and low concentrations of nutrients, which can improve nutrient uptake, stimulate root growth, and modulate plant hormonal balance (Fedeli et al., 2022; Zhou et al., 2022). The increased stalk diameter is likely linked to improved nitrogen assimilation, protein synthesis, and enhanced photosynthetic efficiency facilitated by PA application (Leifeld & Walz, 2025; Sivaram et al. 2022).

Moreover, these results were aligned with emerging evidence that pyroligneous acid can act as a biostimulant in plants (Kumar et al. 2025; Sosa Sanchez, 2025; Fedeli et al., 2022; Zhou et al., 2022). A comprehensive review of 65 peer‑reviewed studies across 33 crop species reported significant positive effects of PA application on plant biomass and yield, with optimal positive responses observed at low concentrations (e.g., 0.1–1 %), suggesting that PA can enhance vegetative growth under appropriate application rates. PA’s benefits were attributed to its organic compounds (such as organic acids, phenols, and volatile compounds), which may influence nutrient availability, plant metabolic processes, and stress responses in crops (Leifeld & Walz, 2025).

Table 18. Diameter of main stalk (mm) of corn before the harvest as affected by the different levels of pyroligneous acid

	Factor B – Levels of Pyroligneous Acid
	Diameter of main stalk of corn (mm)

	Water 
	18.81b

	100ml/L water
	19.00a

	150ml/L water
	19.50a

	200ml/L water
	18.93ab


Legend: Means with in column with different superscript are significantly different (p<0.05)

Analysis of the interaction between sources (kakawate vs coconut husk) and levels of pyroligneous acid (PA) on corn stalk diameter (Table 19) indicated no significant interaction effect (p > 0.05). Nevertheless, trends in the data suggest that the combination of coconut husk PA at 150 mL L⁻¹ (A2B3) resulted in the widest average stalk diameter (19.75 ± 0.58 mm), while untreated plants (A1B1) exhibited the narrowest average stalk diameter (18.25 ± 0.96 mm). Although the interaction was not significant, this pattern is consistent with the main effects results and highlights the capacity of PA especially when sourced from coconut husk at moderate dilution to improve vegetative stem growth (Sosa Sanchez, 2025).








Table 19. Diameter of main stalk (mm) of corn (Mean±SD) of corn before the harvest as affected by the interaction of different sources and levels of pyroligneous acid

	Factor B
Levels of Pyroligneous Acid
	Factor A
Sources of Pyroligneous Acid

	
	A1 - Kakawate
	A2 - Coconut

	B1 - Water 
	18.25 ±0.96
	19.50±0.58

	B2 - 100ml/L water
	18.75 ±0.50
	19.25±0.50

	B3 - 150ml/L water 
	19.25 ±0.96
	19.75±0.58

	 B4 - 200ml/L water
	18.37 ±0.48
	19.37±0.47


Legend: Interaction effect of the sources and levels of pyroligneous acid are not significant (p value = 0.3109)

3.4. Yield Parameters
3.4.1. Length and diameter of corn ear
The length and diameter of corn ear as affected by source of pyroligneous acid is presented in Table 20. Moreover, analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) have significantly (p<0.05) longer and wider corn ear with 18.64cm and 44.97 mm compared to corn applied with pyroligneous acid made from Kakawate (A1) with 17.82 cm and 44.40 mm.  

Though no direct justification on the effect of sources of pyroligneous acid on corn, results could probably due to the higher Phosphorus content of PA made from coconut helps to produce healthy flowers, buds, and eventually fruits (Leifeld & Walz, 2025; Sinha and Tandon, 2020). Moreover, results were also similar to the findings of Zulkarami et al., (2011) who reported that PA made from coconut dust promotes good quality with longer and wider fruits in rockmelon and in various field crops (Kumar et al. 2025; Leifeld & Walz, 2025; Sosa Sanchez, 2025).

Table 20. Length and diameter of corn ear as affected by the different sources of pyroligneous acid

	Factor A 
Sources of Pyroligneous Acid
	Length (cm)
	Diameter (mm)

	Kakawate
	17.82b
	44.40b

	Coconut husk
	18.64a
	44.97a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

In general, findings show that the length and diameter of corn ear as affected by different levels of pyroligneous acid were significant (Table 21). Specifically, corn applied with 150ml PA/L of water (B3) have significantly (p<0.05) longer (18.92cm) and wider (45.33 mm) corn ear compared corn applied without PA (B1) and corn applied with 200ml PA/L of water (B4), but were comparable (p>0.05) to the length and diameter of corn ear of corn applied with 100ml PA/L of water (B2).

These results align with emerging evidence (Kumar et al. 2025; Sosa Sancehz, 2025) that pyroligneous acid can enhance crop productivity and morphological development when applied at moderate concentrations. Moreover, a comprehensive review of PA effects across 33 crop species found that PA application significantly increased plant biomass and yield parameters, with optimum positive responses at low to moderate concentrations, whereas excessively high concentrations may reduce beneficial effects or even become phytotoxic (Leifeld & Walz, 2025). Further, the observed trends in ear size may be explained by PA’s complex bioactive composition, which includes organic acids, phenolic compounds, and other volatile substances that can influence plant physiology. These compounds have been shown to improve nutrient availability and uptake, stimulate photosynthetic activity, and enhance biomass accumulation, all of which contribute to reproductive development traits (Hur et al. 2025).

Results suggest that moderate application of pyroligneous acid (approximately 150 mL/L) provides the most beneficial effect on corn ear size, likely through improved physiological and biochemical growth processes. These results support the potential use of PA as a sustainable biostimulant that enhances both vegetative and reproductive growth components in corn when applied at optimal concentrations, aligning with broader evidence from PA research across multiple crop species (Hur et al. 2025; Kumar et al. 2025; Leifeld & Walz, 2025; Sosa Sanchez, 2025).

Table 21. Length and diameter of corn ear as affected by the different levels of pyroligneous acid

	Factor B – Levels of Pyroligneous Acid
	Length (cm)
	Diameter (mm)

	 Water
	17.36b
	44.18b

	100ml/L water
	18.45ab
	44.83ab

	150ml/L water 
	18.92a
	45.33a

	200ml/L water
	18.21b
	44.39b


Legend: Means with in column with different superscript are significantly different (p<0.05)

Generally, though similar (p>0.05) corn ear length, the corn plants with the longest and widest corn ear diameter was observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk per L of water (A2B3) of 19.32±0.41 cm and 46.00±0.66 mm, respectively. Whereas, corn applied with water (A1B1) had the shortest and narrowest corn ear of 16.90±0.13 cm and 43.75±1.10 mm, respectively.

Significantly higher diameter of corn ear of corn applied with 150ml pyroligneous acid made from coconut husk L- of water (A2B3) further proves that the appropriate concentration of pyroligneous acid applied in corn plant for maximum potential is at 150ml/L of water. In addition, PA using the coconut husk is indeed more beneficial due to its higher NPK content which consequently improved both the growth and yield parameters of not only corn but for various crops (Hur et al. 2025; Kumar et al. 2025; Sosa Sanchez, 2025; Zulkarami et al. 2011). Further, a recent comprehensive review reported that PA generally increases plant productivity and biomass at low‑to‑moderate application rates, with optimal effects around 0.5–1 % (equivalent to 5–10 mL PA/L water), while higher dosages can reduce yields due to phytotoxicity of some components (e.g., acetic acid) at high concentrations. This non‑linear response pattern is consistent with our observation that the 200 mL/L level did not outperform the moderate level (Leifeld & Walz, 2025).

Table 22. Length and diameter of corn ear (Mean±SD) of corn as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Length of ear (cm)
P value = 0.2318
	Diameter of ear (mm)
P value = 0.0460

	A1B1
	16.90±0.13
	43.75±1.10

	A1B2
	18.51±0.78
	44.63±0.40

	A1B3
	18.27±.0.48
	44.64 ±082

	A1B4
	17.58 ±0.61
	44.54±0.32

	A2B1
	17.82±0.75
	44.62±1.18

	A2B2
	18.61 ±0.64
	44.14±0.77

	A2B3
	19.32±0.41
	46.00±0.66

	A2B4
	18.84±0.36
	45.12±0.48


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water

3.4.2. Weight of husked and unhusked corn ear
Analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) have significantly (p<0.05) heavier husked and unhusked corn ear with 3.65 and 2.79 kg, respectively compared to corn applied with pyroligneous acid made from Kakawate (A1) with 3.05 and 2.33 kg, respectively. These results indicate that the source of PA influences yield components, with coconut husk PA producing superior ear weight.  

Significant findings on the weight of husked and unhusked corn ear could be correlated to the significantly longer (p<0.05) and wider (p<0.05) corn ear of plants (Tables 20-22) applied with PA made from coconut husk (A2). Furthermore, results were in agreement to the findings of Zulkarami et al., (2011) who reported that PA made from coconut dust promotes good quality with longer and wider fruits in rockmelon and in various field crops (Kumar et al. 2025; Leifeld & Walz, 2025; Sosa Sanchez, 2025; Sinha and Tandon, 2020).

Table 23. Weight of husked and unhusked corn ear as affected by the different sources of pyroligneous acid
	Factor A
Sources of Pyroligneous Acid
	Weight of Husked corn ear (kg)
	Weight of Unhusked corn ear (kg)

	Kakawate
	3.05b
	2.33b

	Coconut husk
	3.65a
	2.79a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

In general, findings showed that the weight of husked and unhusked corn ear as affected by different levels of pyroligneous acid (Table 24) were comparable (p>0.05). Though no direct comparison of results, findings was in agreement to the findings of Masum et al. (2013) who reported that application of PA in rice have also comparable effect on the weight and number of filled and unfilled grains in Aman rice.

Table 24. Weight of husked and unhusked corn ear as affected by the different levels of pyroligneous acid

	Factor B – Levels of Pyroligneous Acid
	Weight of Husk corn ear (kg)
	Weight of Unhusk corn ear (kg)

	 Water 
	3.25a
	2.45a

	100ml/L water
	3.38 a
	2.64a

	150ml/L water 
	3.44a
	2.68a

	200ml/L water
	3.33a
	2.48a


Legend: Means with in the column with similar superscript are not significantly different (p>0.05)

As to combined effects of sources and various levels of pyroligneous acid, analysis (Table 25) on the weight of husked and unhusked corn ear revealed comparable results (p>0.05). Generally, though similar (p>0.05) weight of husked and unhusked corn ear, the corn plants with the heaviest husked and unhusked corn ear and was observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk L- of water (A2B3) of 3.93±0.30 and 3.01±0.18 kg, respectively. Whereas, corn applied with water (A1B1 and A2B1) had the least weight of husked and unhusked corn ear of 3.03±0.36 and 2.38±0.25 kg, respectively.

Table 25. Weight of husked and unhusked corn ear (Mean±SD) of corn as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Weight of Husked corn ear (kg) 
P value = 0.3063
	Weight of Unhusked corn ear (kg) 
P value = 0.2400

	A1B1
	3.03±0.36
	2.38±0.25

	A1B2
	3.81±0.24
	2.88±0.39

	A1B3
	3.18±0.44
	2.38±0.41

	A1B4
	3.06±0.13
	2.53±0.05

	A2B1
	3.29±0.51
	2.66±0.35

	A2B2
	3.81±0.75
	2.98±0.05

	A2B3
	3.93±0.30
	3.01±0.18

	A2B4
	3.68±0.13
	2.88±0.28


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water

3.4.3. Fresh and Dry Biomass
Analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) have significantly (p<0.05) heavier fresh biomass with 4.03 kg compared to corn applied with pyroligneous acid made from Kakawate (A1) with 3.49 kg. On the other hand, dry biomass of corn, regardless of the source of pyroligneous acid showed comparable (p>0.05) findings (Table 26).  

The significant increase in fresh biomass with coconut husk PA (A2) is consistent with the earlier observed enhancements in vegetative growth parameters, including taller plant height and wider stalk diameter (Tables 11 and 17). Increased vegetative growth generally translates into greater aboveground biomass, particularly in fresh weight, which reflects both structural biomass and water content. This is in line with established crop physiology where greater stem and leaf development leads to higher fresh biomass production (Hur et al. 2025).

Table 26. Weight of fresh and dry biomass as affected by the different sources of pyroligneous acid

	Factor A
Sources of Pyroligneous Acid
	Fresh Biomass (kg)
	Dry Biomass (kg)

	Kakawate
	3.49b
	2.45a

	Coconut husk
	4.03a
	2.51a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

In general, findings showed that the weight of husked and unhusked corn ear as affected by different levels of pyroligneous acid which was presented in Table 27 were comparable (p>0.05). Though no direct comparison of results, findings was in agreement to the findings of Masum et al., (2013) who reported that application of PA in rice have also comparable effect on the weight and number of filled and unfilled grains in Aman rice.



Table 27. Weight of fresh and dry biomass as affected by the different levels of pyroligneous acid

	Factor B - Levels of Pyroligneous Acid
	Fresh Biomass (kg)
	Dry Biomass (kg)

	Water 
	3.66a
	2.36b

	100ml/L water
	3.87a
	2.46b

	150ml/L water 
	3.88a
	2.66a

	 200ml/L water
	3.63a
	2.44b


Legend: Means with in the column with different superscript are significantly different (p<0.05)

In terms of the combined effects of sources and various levels of pyroligneous acid, analysis (Table 28) on the weight of fresh and dry biomass revealed significant results (p<0.05). In general, the corn plants with the heaviest fresh and dry biomass were observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk per L of water (A2B3) of 3.93±0.30 and 3.07±0.10 kg, respectively. Whereas, corn applied with water (A1B1 and A2B1) had the least weight of fresh and dry biomass of 3.03±0.36 and 2.21±0.14 kg, respectively.

These results suggest that moderate supplementation of PA, particularly from nutrient‑rich coconut husk, can significantly enhance biomass production in corn. This finding is consistent with numerous studies demonstrating that supplementation with wood vinegar (a common term for PA) can improve plant growth and biomass accumulation when applied at optimal concentrations. Further, Hur et al. (2025) showed that wood vinegar application enhanced photosynthetic efficiency and biomass in rice by increasing chlorophyll content and soluble sugar accumulation, leading to greater yield components. Such physiological improvements likely translate to increased vegetative biomass in cereals like maize.

Table 28. Weight of fresh and dry biomass (Mean±SD) of corn as affected by the interaction of different sources and levels of pyroligneous acid

	Treatment combination
	Fresh Biomass (kg) 
P value = 0.0272
	Dry Biomass (kg)
P value = <0.0001

	A1B1
	3.03±0.36
	2.21±0.14

	A1B2
	3.18±0.44
	2.25±0.04

	A1B3
	3.81±0.24
	2.50±0.20

	A1B4
	3.06±0.13
	2.24±0.03

	A2B1
	3.29±0.51
	2.39±0.22

	A2B2
	3.81±0.75
	2.66±0.10

	A2B3
	3.93±0.30
	3.07±0.10

	A2B4
	3.68±0.13
	2.51±0.03


Legend: A1B1/A2B1 – corn applied without pyroligneous acid; A1B2 – corn applied with 100ml pyroligneous acid from kakawate per L of water; A1B3 – corn applied with 150ml pyroligneous acid from kakawate per L of water; A1B4 – corn applied with 200ml pyroligneous acid from kakawate per L of water; A2B2 – corn applied with 100ml pyroligneous acid from coconut husk per L of water; A2B3 – corn applied with 150ml pyroligneous acid from coconut husk per L of water; A2B4 – corn applied with 200ml pyroligneous acid from coconut husk per L of water

3.4.4. Yield per Plot 
Analysis revealed that corn applied with pyroligneous acid made from Coconut husk (A2) have significantly (p<0.05) higher yield per plot with 7.47 kg compared to corn applied with pyroligneous acid made from Kakawate (A1) with 6.91 kg (Table 29).  

Though no direct validation on the effect of sources of pyroligneous acid on corn, results could probably due to the higher Phosphorus content of PA made from coconut (Table 1) that helps to produce healthy flowers, buds, and eventually fruits (Sinha and Tandon, 2020). Moreover, results were also similar to the findings of Zulkarami et al., (2011) who reported that PA made from coconut dust promotes good quality with longer and wider fruits in rockmelon and in various field crops (Leifeld & Walz et al. 2025), which consequently improves the yield parameters.

Further, significant findings on the yield per plot could be positively correlated to the significantly longer (p<0.05) and bigger (p<0.05) corn ear of plants (Table 20) as well as higher weight of husked and unhusked corn ear (Table 23) applied with pyroligneous acid made from coconut husk (A2). 

Table 29.  Yield per plot of corn as affected by the different sources of pyroligneous acid

	Factor A – Sources of Pyroligneous Acid
	Yield per plot (kg)

	 Kakawate
	6.91b

	Coconut husk
	7.47a


Legend: Means with in the column with different superscript are significantly different (p<0.05)

Finding shows that the yield per plot of corn as affected by different levels of pyroligneous acid (Table 30) were comparable (p>0.05). Though no direct comparison of results, findings was in agreement to the findings of Masum et al. (2013) who reported that application of pyroligneous acid, regardless of concentration in rice have also comparable (p>0.05) effects on the yield in Aman rice.

Table 30. Yield per plot of corn as affected by the different levels of pyroligneous acid.
	Factor B
Levels of Pyroligneous Acid
	Yield per plot (kg)

	Water 
	6.98a

	100ml/L water
	7.23a

	150ml/L water 
	7.55a

	200ml/L water
	7.00a


Legend: Means with in column with similar superscript are not significantly different (p>0.05)

The analysis (Table 31) on the combined effects of sources and various levels of pyroligneous acid on the yield per plot revealed significant results (p<0.05). In general, the corn plants with the highest yield per plot was observed and recorded in corn applied with 150ml pyroligneous acid made from coconut husk per L of water (A2B3) of 8.16±0.14kg. Whereas, corn applied with water (A1B1) had the least yield per plot of 6.50±0.41kg.

The enhanced yield in the A2B3 treatment is supported by complementary morphological improvements, including significantly longer and wider corn ears (Table 22) and higher husked and unhusked ear weights (Table 25) in the same treatment group. These components are well‑established determinants of grain yield in cereals such as increased ear size and kernel mass which directly contribute to total plot yield (Hur et al. 2025; Sosa Sanchez, 2025). The coordinated improvement in both vegetative (ear size) and yield components (ear weight) underscores the potential of appropriately applied PA to enhance source and level relationships in maize.

Similarly, Sosa Sánchez (2025) reported that PA applied at moderate concentrations acted as a sustainable biostimulant in rice, enhancing early growth and yield. These studies collectively indicate that moderate PA levels can stimulate physiological processes that improve yield, whereas excessive concentrations may introduce stress or inhibitory effects due to higher levels of organic acids or phenolic compounds (Leifeld & Walz, 2025).

Table 31. Yield per plot (Mean±SD) of corn as affected by the interaction of different sources and levels of pyroligneous acid

	Factor B - Levels of Pyroligneous Acid
	Factor A - Sources of Pyroligneous Acid

	
	A1 - Kakawate
	A2 – Coconut husk

	B1 - Water 
	6.50±0.41
	7.08±0.87

	B2- 100ml/L water
	6.94±0.31
	7.45±0.42

	B3 - 150ml/L water 
	7.28±0.61
	8.16±0.14

	B4 - 200ml/L water
	6.93±0.30
	7.19±0.63


Legend: Interaction effect of the sources and levels of pyroligneous acid are significant (p value = 0.0301)

4. Conclusion
Coconut husk–derived pyroligneous acid (PA) significantly enhanced pest resistance, disease suppression, and yield performance of Sweet Pearl (F1) corn. Treated plants exhibited reduced infestation by corn borer and armyworm, lower incidence of leaf blight and leaf spot, increased populations of beneficial insects, and improved agronomic traits including plant height, stem diameter, ear size, biomass, and yield per plot. Application at 150 mL L⁻¹ consistently produced superior results. The interaction between PA source and concentration indicated that coconut husk–derived PA at 150 mL L⁻¹ maximized pest suppression and yield; however, interaction effects were not significant for corn earworm and certain morphological traits. Nevertheless, the findings are limited to a single site and growing season, and long-term effects on soil health, ecological balance, and economic feasibility were not assessed. Future studies should validate these results across diverse agroecological conditions and evaluate long-term agronomic and cost-effectiveness implications. In general, results showed that coconut husk–derived PA at 150 mL L⁻¹ shows strong potential as a sustainable alternative to synthetic insecticides for integrated corn production systems.
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