


Evaluation of Compatibility of Metarhizium rileyi (Farlow) Kepler (Hypocreales: Clavicipitaceae) with Novel Insecticidal Molecules


ABSTRACT
The compatibility of the entomopathogenic fungus Metarhizium rileyi (Hypocreales: Clavicipitaceae) with selected new generation insecticides was evaluated to support its integration in pest management programs. Eight insecticides Chlorantraniliprole 18.5 % SC, Flubendiamide 39.35 %SC, Emamectin benzoate 5 % SG, Spinosad 48 % SC, Indoxacarb 15 % SC, Profenophos 50  % EC, Diafenthiuron 50 % WP, and Spinetoram 11.7 % SC were tested at their recommended field concentrations. Fungal growth was assessed 14 days post-inoculation to determine the impact of each insecticide on M. rileyi viability. Significant variation in growth inhibition was observed among the treatments. Chlorantraniliprole 18.5 % SC exhibited the highest compatibility, causing only 24.01 % growth inhibition, whereas Indoxacarb 15 % SC recorded the highest inhibition at 68.91 %, indicating low compatibility. These findings highlight the potential for selective use of insecticides in conjunction with M. rileyi to enhance the sustainability of integrated pest management strategies.
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1. INTRODUCTION
Entomopathogenic fungi are parasitic microorganisms that can infect and kill insect arthropods. They are primarily used as a natural alternative to chemical pesticides and are considered environmentally friendly and safe for beneficial organisms and natural enemies (Litwin et al., 2020; Duraimurugan et al., 2024). These fungi are highly versatile due to their broad host range, ability to infect insects at various stages of development and unique ability to penetrate directly through the insect cuticle (Dev et al., 2021). Among them, Metarhizium rileyi (Farlow) Kepler (Hypocreales: Clavicipitaceae), previously known as Nomuraea rileyi, is a well-known entomopathogenic fungus that has been extensively studied and recognized for its broad host spectrum. It can be effectively used to manage lepidopteran pests across different genera (Castro et al., 2016). The infection process starts when fungal conidia attach to the insect cuticle and penetrate it by secreting exoenzymes such as lipases, chitinases, and proteinases. Once inside the haemocoel, the fungus develops hyphae and initiates pathogenesis. Eventually, this results in mummification of the larva, visible as green mycelial growth and sporulation on its surface (Vimala Devi and Duraimurugan, 2013; Liu et al., 2019). Historically, broad-spectrum insecticides including organochlorines, organophosphates, carbamates, and synthetic pyrethroids were frequently used to control defoliator pests. However, in recent years, resistance to newer insecticides such as abamectin, emamectin benzoate, and indoxacarb has been reported across various regions (Su et al., 2012). Although chemical control remains a widely adopted approach, its prolonged use can lead to numerous drawbacks, including environmental pollution, insecticide resistance, pest resurgence, and harmful effects on non-target organisms (Togola et al., 2018). Therefore, employing insecticides and entomopathogens either individually or in combination, whether applied sequentially or together may help slow resistance development while reducing the harmful effects on non-target species. Against this backdrop, the present study was designed to evaluate the compatibility of M. rileyi with a selection of newer insecticides to enhance the sustainability of integrated pest management strategies.
2. MATERIALS AND METHODS
The study was carried out in the Entomology Laboratory, Crop Protection Section, ICAR-Indian Institute of Oilseeds Research, Hyderabad, during 2022-2024. Metarhizium rileyi (SlMr-DOR) was cultured using Sabouraud's Maltose Agar Medium (SMAY) enriched with 1% yeast extract. The SMAY medium was sterilized by autoclaving at 15 psi steam pressure at 121 °C for 30 minutes. Once sufficiently cooled but before solidification, the designated control concentration was added to the medium (Table 1). The mixture was thoroughly stirred to ensure uniform distribution and then poured into sterile petri plates measuring 9.5 × 1.5 cm. Each plate was filled with 100 ml of medium and left to solidify. A 5 mm disc from a fully developed M. rileyi culture plate was carefully transferred to the test media using a sterilized cork borer. Each treatment was replicated four times, with two plates per replication. An untreated SMAY control plate without any insecticide was also maintained. The inoculated plates were then incubated in a BOD incubator at 25 ± 1 °C for 14 days, after which the colony diameter was measured. The per cent inhibition was calculated according to (Vincent 1947; Chaudhari et al., 2017). 
Per cent inhibition (%) =  × 100
3. RESULTS AND DISCUSSION
The radial growth of Metarhizium rileyi colony at 14 days after inoculation (DAI) varied significantly among the different insecticides evaluated (Table 1) (Fig.1 ). The highest radial growth was observed in the treatment with Chlorantraniliprole 18.5 % SC (39.92 mm), corresponding to the lowest inhibition of 24.01%. Emamectin benzoate 5 % SG followed with a colony diameter of 35.60 mm and 32.22 % inhibition. Spinosad 48 % SC recorded a radial growth of 32.93 mm with 37.32% inhibition, which was statistically on par with each other. Followed by flubendiamide 39.35% SC treated plates produced a colony of 31.90 mm in diameter, reflecting 39.28 % growth inhibition. Subsequently, Spinetoram 11.7 % SC and profenophos 50 % EC resulted in radial growth of 28.55 mm and 25.34 mm, with corresponding inhibitions of 45.66 % and 51.77 % and were on par with each other. Diafenthiuron 50 % WP further reduced the colony size to 22.75 mm, yielding 56.69 % inhibition. Among all treatments, the greatest reduction in fungal growth was observed with Indoxacarb 15 % SC, which resulted in the smallest colony diameter of 16.33 mm and the highest growth inhibition of 68.91 %.  The compatibility of insecticides with entomopathogenic fungi such as Metarhizium anisopliae and M. rileyi is critical for the successful integration of biocontrol agents in pest management programs. The findings of the present study align with earlier research, confirming that several commonly used insecticides are compatible with these fungi, exhibiting minimal inhibitory effects on their growth and sporulation. The findings agree with those of Matcha et al., (2019), who observed a colony diameter of 32 mm for M. rileyi when exposed to insecticides at the recommended field dose, corresponding to a growth inhibition of 19.84 %. Despite this moderate level of inhibition, the fungus remained viable and productive, as evidenced by a substantial conidial yield of 2.7 × 10⁸ per plate, suggesting that the treatment did not severely impact sporulation. Sugeetha et al., (2024) investigated the effect of chlorantraniliprole on M. rileyi and found growth inhibition levels of 49.09 % at the full recommended dose and 18.79 % at half the recommended concentration. Despite these levels of inhibition, the insecticide was relatively safe and compatible with the fungus, as it did not completely suppress fungal growth. These results suggest that chlorantraniliprole, especially at lower concentrations, can be integrated effectively with M. anisopliae in pest management programs without compromising the entomopathogen’s biological activity. Parjane et al., (2020) investigated the impact of chlorantraniliprole and flubendiamide on the growth of M. anisopliae over a period of 7 days. Their results indicated that chlorantraniliprole caused a gradual reduction in fungal growth, with inhibition percentages of 34.24 %, 21.84 %, and 14.25 % on the 3rd, 5th, and 7th days after inoculation, respectively. In comparison, flubendiamide demonstrated slightly lower levels of inhibition 21.90 %, 24.35 %, and 11.25 % over the same period suggesting better compatibility with the fungus, particularly at later stages of growth. Similarly, emamectin benzoate and flubendiamide caused relatively low inhibition of fungal growth, with emamectin benzoate exhibiting 35.24 % inhibition and flubendiamide showing 37.11 % at different concentrations (Tekam et al., 2018). These levels of inhibition were considered negligible, suggesting that both insecticides are compatible with M. anisopliae and do not substantially interfere with their growth or biological efficacy. Patil et al., (2025) found that chlorantraniliprole 18.50 % SC (0.006 %) exhibited minimum inhibitory effect on M. anisopliae and proved most compatible insecticide tested against M. anisopliae. Band and Kabre (2022) recorded 27.78% growth inhibition of M. anisopliae in chlorantraniliprole 18.5 SC indicated its better compatibility with M. anisopliae. Similarly, Kiruthiga et al., (2022) reported that Chlorantraniliprole displayed synergistic effects when applied at both lower and recommended field concentrations. The insecticide had a minimal influence on the vegetative growth, sporulation, and biomass production of the fungus, indicating its high level of compatibility. Akbar et al., (2012) observed that profenophos had minimal adverse effects on the M70 isolate, whereas it caused total inhibition of the remaining three isolates (M11.2, M2, and M2.2). Lavanya and Matti  (2020) found that fipronil 5% SC and chlorantraniliprole 0.4% G found most compatible with M. anisopliae. Similarly, in a similar context, Saheb et al., (2021) reported that M. rileyi exhibited a mycelial growth of 62.80 mm in the presence of emamectin benzoate, while a slightly higher growth of 66.80 mm was recorded with spinosad. These results reflected growth inhibition rates of 30.22% and 25.78%, respectively, relative to the control. Despite this moderate suppression, both insecticides showed minimal adverse effects on fungal growth, indicating good compatibility with M. rileyi. According to Johnson et al., (2020), the isolates M. anisopliae (MC 2, MC 4, and MC 7) demonstrated compatibility with the insecticides spinosad, imidacloprid, and chlorantraniliprole. Among these, the MC 7 isolate showed the highest level of compatibility, exhibiting superior growth even at higher concentrations of the insecticide’s chlorantraniliprole (0.35 ml/L), spinosad (0.38 ml/L), and imidacloprid (0.15 g/L). This was evidenced by the lowest percentage of growth inhibition observed for MC 7, which was 11.00 %, 11.41 %, and 14.44 % respectively.  According to Joshi et al., (2018), Profenophos 50% EC was identified as the most toxic insecticide affecting Beauveria bassiana, significantly inhibiting mycelial growth, spore germination, and overall fungal development. While higher concentrations were detrimental, lower doses (0.25 – 0.5%) showed reduced toxicity and were considered relatively safe. Among the tested insecticides, only chlorantraniliprole 18.5% SC exhibited compatibility with B. bassiana, causing minimal adverse effects. Gulsar et al., (2014) evaluated the toxicity of various insecticides on M. anisopliae and categorized them based on their impact. The insecticides quinalphos, acetamiprid, spinosad, and dimethoate were found to be slightly toxic, while imidacloprid, thiodicarb, and triazophos exhibited moderate toxicity. Among all the insecticides tested, profenophos showed the highest level of toxicity, indicating its strong inhibitory effect on the growth of M. anisopliae. Gopalkrishnan and Mohan (2000) reported similar observations, supporting the outcomes of the present investigation. In laboratory conditions, Chlorantraniliprole and Spinetoram were found to be relatively non-toxic to M. rileyi. However, these results warrant further validation under field conditions to confirm their compatibility in practical pest management scenarios. Rachappa et al., (2007) observed that imidacloprid and spinosad exhibited minimal adverse effects on the fungus, causing only 11.10% and 5.10% inhibition in growth, respectively. According to Gowrish et al., (2013) the lowest growth inhibition of M. anisopliae colony diameter (5.23%) was observed at 14 days after inoculation in samples treated with spinosad 45% SC at a concentration of 0.0018%. Neeraja and Manjula (2014) reported that profenophos completely inhibited sporulation of Nomuraea rileyi when evaluated in vitro using the poisoned food technique, indicating 100% suppression of fungal development.



Table 1. Compatibility of Metarhizium rileyi with different insecticides
	Insecticide
	Dosage per 100ml of media
(ml/L)
	Radial growth (mm)
	 Per cent inhibition over control

	Chlorantraniliprole 18.5 % SC 
	0.03
	39.92 (6.39b)
	24.01

	Flubendiamide 39.35 % SC
	0.02
	31.90 (5.72cd)
	39.28

	Emamectin benzoate 5 % SG
	0.04
	35.60 (6.03bc)
	32.22

	Spinosad 48 % SC
	0.04
	32.93 (5.79bc)
	37.32

	Indoxacarb 15 % SC
	0.075
	  16.33 (4.15f)
	68.91

	Profenophos 50 % EC
	0.20
	25.34 (5.13de)
	51.77

	Diafenthiuron 50 % WP
	0.12
	22.75 (4.87e)
	56.69

	Spinetoram 11.7 % SC
	0.07
	28.55 (5.43cd)
	45.66

	Control
	0.00
	52.54 (7.31a)
	-

	C.D. (P = 0.01)
	
	0.595
	

	SEm (±)
	
	0.199
	

	C.V. (%)
	
	6.09
	


** 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)
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Fig. 1.  Compatibility of Metarhizium rileyi with insecticides	
3. CONCLUSION
The findings of the present study indicate that among the insecticides tested, Chlorantraniliprole 18.5% SC exhibited the highest level of compatibility with Metarhizium rileyi, causing the lowest inhibition of fungal growth (21.04%). Conversely, Indoxacarb 15% SC was identified as the least compatible, with the highest growth inhibition (61.55%). These results highlight the potential of incorporating Chlorantraniliprole 18.5% SC into integrated pest management (IPM) programs alongside M. rileyi. Such integration offers a promising strategy for enhancing pest control efficacy while reducing dependence on synthetic insecticides. Moreover, this approach supports the conservation of beneficial entomopathogenic fungi, minimizes environmental contamination, and may contribute to delaying the onset of insecticide resistance in pest populations.
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