COMPATIBILITY OF CHITOSAN AND LIGNOSULPHONATE WITH ENTOMOPATHOGENIC FUNGI, Beauveria bassiana (HYPOCREALES: CLAVICIPITACEAE) "
Abstract
Insect pests cause substantial yield losses in agriculture, prompting widespread use of chemical pesticides that threaten environmental and human health. Biological control using Beauveria bassiana offers a sustainable alternative, but its efficacy is often limited by environmental stresses and formulation challenges. Encapsulating B. bassiana conidia with biopolymers helps protect the fungus from environmental stresses and improves shelf life by acting as a physical barrier. This study evaluated the compatibility of biopolymers, chitosan (0.1 %, 0.25 %, 0.5%, 1 % and 2.5 %) and lignosulphonate (1 %, 2.5 %, 5 %, 7.5 % and 10 %) with B. bassiana by assessing mycelial growth, spore production and virulence against Spodoptera litura larvae. Low chitosan concentrations (0.1–0.5 %) maintained high radial growth (up to 99.60 %), sporulation (2.00 × 10⁸ spores/mL) and larval mortality (88.33 %). However, at the highest concentration (2.5 %), chitosan significantly reduced B. bassiana performance, with radial mycelial growth declining to 90.21%, spore production dropping to 1.33 × 10⁸ spores/mL and larval mortality decreasing to 75.00 %. Lignosulphonate demonstrated superior compatibility, with mycelial growth above 98.8 % and larval mortality above 85 % at all concentrations. The control (without any added biopolymers) achieved 100 % mycelial growth, 2.00 × 10⁸ spores/mL and 91.67 % larval mortality. These results highlight lignosulphonate and low-dose chitosan as promising encapsulating agents for stable, effective B. bassiana formulations.
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1. INTRODUCTION
Insect pests represent a significant global threat to agricultural productivity, capable of devastating crops and causing substantial economic losses while jeopardizing food security. Worldwide, insect pests are estimated to reduce crop yields by 18–20 %, resulting in annual economic losses of approximately $470 billion (Bihal et al., 2023). In India, insect pests cause an average annual yield loss of 15.7% in major crops, with associated economic losses reaching US $36.0 billion (Dhaliwal et al., 2015; Kumar et al., 2021). To address these threats, farmers have increasingly relied on chemical pesticides for pest management. Insecticides account for nearly 51% of total pesticide use in India, where agricultural systems spend an estimated Rs. 1,200 crores annually on chemical insecticides to control insect pests (Jayaraj et al., 2016; Agarwal and Pandey, 2017). However, this heavy dependence on synthetic pesticides has led to widespread environmental contamination, the presence of harmful residues in food and serious health risks for humans and wildlife, including endocrine disruption, cancer, reproductive disorders and heightened vulnerability among children (Ahmad et al., 2024). Moreover, pesticides negatively affect plant physiology, disrupt pollinator populations and degrade soil health, all of which further undermine the sustainability of agricultural systems (Wan et al., 2025). These impacts highlight the urgent need for more sustainable pest management strategies to safeguard both agricultural productivity and ecosystem health. Biological control using entomopathogenic fungi has emerged as a safer and more sustainable alternative. An entomopathogenic fungi, Beauveria bassiana (Bals.-Criv.) Vuill.  (Hypocreales: Cordycipitaceae) is increasingly recognized as a highly effective biocontrol agent due to its strong virulence against many insect pests, offering a sustainable alternative to synthetic pesticides (Zhang et al., 2020). Its use supports both environmental health and food security (Kulu et al., 2015). However, practical application in agriculture is limited by its sensitivity to temperature and UV light, short shelf life and low persistence, which complicate storage, transport and field use (Parra, 2014; Singh et al., 2016; Mohamed et al., 2024). Encapsulating B. bassiana conidia with biopolymers helps protect the fungus from environmental stresses and improves shelf life by acting as a physical barrier (Herlinda et al., 2018). To ensure effective and safe bioinsecticide products, it is essential that chosen biopolymers are compatible with B. bassiana and do not harm its growth or activity (Felizatti et al., 2021). Thus, compatibility studies are a key step in developing stable and sustainable biopolymer-based pest management solutions. This experimental approach aimed to understand whether the selected encapsulating agents could be effectively used in microencapsulation without compromising the entomopathogenic potential of B. bassiana, thus aiding in the development of stable and efficient biocontrol formulations.
2. MATERIALS AND METHODS
To evaluate the in vitro compatibility of chitosan and lignosulphonate with B. bassiana, stock solutions of each biopolymer were prepared in sterile distilled water at 1 % (w/v) and further diluted as needed. For chitosan, working solutions were made to achieve final concentrations of 0.1 %, 0.25 %, 0.5 %, 1 % and 2.5 % (w/v) in molten, cooled potato dextrose agar (PDA), while for lignosulphonate, the corresponding concentrations were 1 %, 2.5 %, 5 %, 7.5 % and 10 % (w/v). Approximately 12–15 mL of each amended PDA was aseptically poured into sterile Petri plates then plates were turned clock wise and anti-clock wise for even distribution of the media and allowed to solidify. As a control, PDA without any biopolymer was also prepared. From a 7- day old B. bassiana culture, 5 mm mycelial discs were cut and aseptically placed at the center of each plate. Each treatment, including the control, was replicated three times. After sealing, all plates were incubated at 25 ± 2°C in a biological oxygen demand (BOD) incubator. Fungal growth was monitored by measuring the radial expansion of the mycelium by comparing treated plates with the control plates.
After 15 days of fungal inoculation, the sporulated cultures of B. bassiana were harvested from each Petri plate by adding 50 mL of sterile distilled water. The fungal mat was gently scraped using a sterile spatula to ensure uniform suspension of conidia. The resulting spore suspension was thoroughly mixed and filtered through a double layer of sterile muslin cloth to remove mycelial debris and ensure a homogeneous spore solution. The concentration of spores (conidia) in the suspension was then quantified using a Neubauer haemocytometer under a compound microscope. Each treatment, including the control, was replicated three times. The spore count was expressed as the number of conidia per millilitre (spores mL⁻¹) and this data was used to estimate the total spore production from individual Petri plates.
Subsequently, the prepared spore suspensions were used for bioassay experiments to evaluate the virulence of B. bassiana in the presence of two potential encapsulating agents viz., chitosan and lignosulphonate. These bioassays were designed to assess the compatibility of the polymers with the fungal pathogen, particularly focusing on their influence on the pathogenicity of B. bassiana against Spodoptera litura, a major lepidopteran pest. The bioassays were conducted using the leaf dip method, wherein castor leaves were dipped in the respective spore suspensions (treated with or without polymers), air-dried. 20 insects per replication were taken and fed to early instar larvae of S. litura under controlled laboratory conditions with three replications per treatment. Larval mortality was recorded at regular intervals post-treatment to determine any possible inhibitory or synergistic effects of chitosan and lignosulphonate on the infectivity and virulence of B. bassiana.
3. RESULTS AND DISCUSSION 
	Treatments
	Mycelial growth (%)*
	Spores per ml (n x 108)**
	Larval mortality (%) (S. litura)*

	Chitosan- 0.1 %
	99.22 (87.06)ᵃᵇ
	2.00 (1.73)
	88.33 (70.09)ᵃᵇᶜ

	Chitosan - 0.25 %
	99.22 (87.06)ᵃᵇ
	2.00 (1.73)
	88.33 (70.09)ᵃᵇᶜ

	Chitosan -0.5 %
	99.60 (87.90)ᵃᵇ
	2.00 (1.73)
	88.33 (70.09)ᵃᵇ

	Chitosan -1 %
	98.04 (82.01)ᵇ
	1.67 (1.63)
	85.00 (67.38)ᵇ

	Chitosan -2.5 %
	90.21 (71.77)ᶜ
	1.33 (1.52)
	75.00 (59.98)ᵉ

	Lignosulphonate- 1 %
	99.22 (85.82)ᵃᵇ
	2.00 (1.73)
	88.33 (70.09)ᵃᵇᶜ

	Lignosulphonate - 2.5 %
	99.22 (85.83)ᵃᵇ
	2.00 (1.73)
	88.33 (70.09)ᵃᵇᶜ

	Lignosulphonate - 5 %
	98.82 (84.96)ᵃᵇ
	2.00 (1.73)
	86.67 (68.67)ᵃᵇᶜᵈ

	Lignosulphonate - 7.5 %
	98.83 (84.98)ᵃᵇ
	1.67 (1.63)
	85.00 (67.38)ᵇᶜᵈ

	Lignosulphonate - 10 %
	98.84 (86.40)ᵃᵇ
	1.67 (1.63)
	85.00 (67.38)ᵇᶜᵈ

	CONTROL
	100.00 (90.00)ᵃ
	2.00 (1.73)
	91.67 (73.37)ᵃ

	SEm (±)
	2.28
	0.06
	1.72

	CD (P=0.01)
	6.72
	NS
	5.08


Table 1: Effect of chitosan and lignosulphonate on mycelial growth, sporulation and insecticidal activity of Beauveria bassiana against Spodoptera litura
*Values mentioned in parenthesis are arc sine converted mean values. ** Values mentioned in parenthesis are square root transformed mean values. Means followed by same letter indicates no significant difference between the treatment according to Duncan’s Multiple Range Test (P=0.01)

3.1 Effect of chitosan and lignosulphonate on mycelial growth, sporulation of B. bassiana 
The compatibility of Beauveria bassiana with different concentrations of chitosan and lignosulphonate was evaluated based on mycelial growth and spore production.
In terms of mycelial growth, the untreated control recorded the highest value at 100 %, which was statistically on par with most treatments including chitosan at 0.1 %, 0.25 % and 0.5 %, which recorded 99.22 %, 99.22 % and 99.60 % growth, respectively. These three concentrations of chitosan did not significantly differ from the control, indicating high compatibility. Chitosan at 1 % showed slightly reduced growth (98.04 %) but was still statistically comparable with the control and lower concentrations. However, a notable reduction in mycelial growth was observed with chitosan at 2.5 %, which recorded 90.21% growth and was significantly lower than the control and the other lower concentrations, indicating a potential inhibitory effect at higher concentration. Lignosulphonate at all tested concentrations (1 % to 10 %) exhibited good compatibility with B. bassiana, with mycelial growth ranging from 98.82 % to 99.22 %. All lignosulphonate treatments were statistically on par with the control and with each other, suggesting that lignosulphonate, regardless of concentration, does not hinder fungal growth. Regarding sporulation, the control treatment yielded 2.00 × 10⁸ spores/ml. Similar sporulation levels were maintained across most treatments, including chitosan at 0.1 %, 0.25 % and 0.5 % and lignosulphonate at 1 %, 2.5 % and 5 % all recording 2.00 × 10⁸ spores/ml. Chitosan at 1 % and lignosulphonate at 7.5 % and 10 % showed slightly reduced sporulation (1.67 × 10⁸ spores/ml), though still relatively close to the control. The lowest spore count was observed with chitosan at 2.5 %, which recorded 1.33 × 10⁸ spores/ml, indicating a significant reduction compared to the control and other treatments.
3.2. Effect of chitosan and lignosulphonate on insecticidal efficacy of B. bassiana against S. litura
The larval mortality of S. litura treated with B. bassiana in combination with different concentrations of biopolymers showed variable results. The control treatment resulted in the highest larval mortality at 91.67 %, which was statistically on par with several other treatments. Chitosan at 0.1 %, 0.25 % and 0.5 % each caused 88.33 % larval mortality, which was not significantly different from the control, indicating that these concentrations did not negatively affect the insecticidal efficacy of B. bassiana. Similarly, lignosulphonate at 1 % and 2.5 % also resulted in 88.33 % mortality, again on par with the control. Lignosulphonate at 5 % caused slightly lower mortality at 86.67 %, and although numerically less, it was still statistically comparable with the control and other effective treatments. Chitosan at 1 % and lignosulphonate at 7.5 % and 10 % each recorded 85.00 % mortality, also on par with the better-performing treatments. However, chitosan at 2.5 % resulted in only 75.00 % larval mortality, which was significantly lower than the control and other adjuvant combinations. This suggests that chitosan at 2.5 % may reduce the virulence of B. bassiana against S. litura. These observations align with the findings of Palma-Guerrero et al. (2010), who reported that low concentrations of chitosan stimulated or did not inhibit fungal growth and conidiation in B. bassiana. Consistently, in this study, chitosan at 0.1 % to 0.5 % supported optimal fungal performance and insecticidal activity, highlighting its potential as a suitable formulation additive at appropriate concentrations. However, with respect to the biocompatibility of lignosulphonate with biocontrol agents, no prior literature is available, making these findings novel and significant. This suggests that lignosulphonate could be explored further as a promising biopolymer for microencapsulation and formulation of fungal biopesticides. Their biocompatibility, film-forming ability, and protective properties make them suitable candidates for use as wall-forming agents in microencapsulation.
4. CONCLUSION
This study demonstrates that both chitosan and lignosulphonate are compatible with B. bassiana at lower concentrations, supporting robust mycelial growth, high spore production and strong insecticidal activity against S. litura larvae. Lignosulphonate showed excellent compatibility across all tested concentrations, while chitosan was effective up to 1 %, beyond which fungal growth and efficacy declined. These findings highlight lignosulphonate and chitosan as promising encapsulating agents for developing stable, efficient and environmentally friendly B. bassiana-based biocontrol formulations, offering a sustainable alternative to chemical pesticides in integrated pest management.
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