


Comparative field efficacy of different entomopathogens against white grubs infesting green gram, Vigna radiata (L.)




ABSTRACT 

	Green gram (Vigna radiata) a major pulse crop worldwide, is often constrained in its production by white grubs such as Anomala sp. which feed on the roots. A field experiment was conducted at the Instructional-Cum-Research Farm, Assam Agricultural University, Jorhat to evaluate the efficacy of different entomopathogenic microbes against such white grub infestation. Treatments included entomopathogenic fungi like Metarhizium anisopliae, Beauveria bassiana and B. brongniartii and entomopathogenic nematodes such as Heterorhabditis bacteriophora and Steinernema thermophilum. All microbial treatments significantly reduced grub population and plant mortality as compared to untreated control. Among them, H. bacteriophora proved most effective, recording the lowest grub population (2.00) and highest yield (11.95 q/ha) followed by M. anisopliae with 2.25 number of grubs per sq.m and 10.86 q/ha of green gram yield. The study demonstrates the potential of entomopathogenic microbes as ecofriendly alternative for sustainable management of white grubs in green gram.



Keywords: biocontrol agents, entomopathogenic fungi, entomopathogenic nematode, green gram, soil pests, white grubs

1. INTRODUCTION

Green gram [Vigna radiata (L.) Wilczek] also known as mung bean, is a vital pulse crop worldwide. It is especially important in South and Southeast Asia with India contributing about 70 per cent of the global production (Kessy et al., 2024). It is an essential component of sustainable cropping systems because of its high protein content, quick growth cycle and capacity to increase soil fertility through nitrogen fixation. Soil-dwelling insect pests create specific management problem because of their cryptic character, while foliar pests such as thrips and whiteflies (Bemisia tabaci) are notorious for spreading viral infections (Ramarao et al., 2021). Key subterranean pests, including white grubs (Holotrichia spp.), cutworms (Agrotis spp.), and termites, damage the crop by feeding on root systems and collar regions (Irsad et al., 2023). These infestations can lead to substantial yield reductions, often exceeding 30 per cent (Banerjee & Ray, 2022). In Assam, a typical species of third instar larvae of white grub, Lepidiota mansueta was already reported to cause serious damage in green gram with an extent of damage varied from 30 to 35 per cent (Bhattacharyya et al., 2010). Traditional management methods relied on synthetic chemical insecticides like chlorpyrifos or imidacloprid (Banerjee and Ray, 2022). However indiscriminate use of these chemicals has resulted in groundwater contamination, pesticide resistance and causes detrimental effects on beneficial soil organisms (Irsad et al., 2023). Eco-friendly biological control agents have gained traction in Integrated Pest Management due to environmental and health concerns (Banerjee & Ray, 2022). When chemical method fails, entomopathogens such as fungi, bacteria and nematodes provide effective, self-replicating and environmental-friendly management of soil-dwelling insect pests. Entomopathogenic fungi such as Metarhizium anisopliae and Beauveria bassiana effectively target soil-dwelling pests like white grubs, infecting them through cuticle contact rather than ingestion (Dumala et al., 2023). Additionally, entomopathogenic nematodes belonging to the families Steinernematidae and Heterorhabditidae act as “mobile biopesticides”, seeking out and eliminating hosts such as termites and cutworms within 48 hours through bacterial septicemia (Beemrote et al., 2024). Furthermore, soil applied Bacillus thuringiensis formulations, which release toxins affecting the midgut of lepidopteran larvae, offer a targeted approach that minimally impacts the beneficial soil microbiota crucial for nitrogen fixation in green gram (Irsad et al., 2023). Collectively, these microbial agents provide a viable alternative to synthetic chemicals supporting sustainable pest management. The efficacy of these entomopathogenic agents significantly depends on environmental conditions like soil pH, moisture and temperature (Liu et al., 2023). Although various pathogens show promising results, comprehensive comparison data on their relative effectiveness against the specific soil pest complex of green gram in local conditions are scarce. Therefore, this study aims to assess the comparative efficacy of various entomopathogenic strains to identify the most potent strain for sustainable pest management in green gram cultivation.

2. material and methods 

Field experiment was carried out at the Instructional Cum Research Farm, Assam Agricultural University, Jorhat, Assam to evaluate the effectiveness of different entomopathogenic microbes against white grubs. The range of pH, organic carbon (%) as well as soil moisture (%) content in the experimental plots were recorded in the range of 5.1-5.4, 0.42-0.53 and 23.58-25.39, respectively. The crop variety SGC-16 was used in the experiment. The variety possess resistant characters against Cercospora leaf spot and Yellow Vein Mosaic virus as well as the variety is moderately resistant to web blight. The variety is also suitable to be grown for both kharif and summer in all the zones of Assam except for Barak Valley Zone. The experiment was conducted as Randomized Block Design with four replications for each treatment with individual plot size measured 4×4.8 m2. Green gram seeds were sown during the month of August, 2024 following all the recommended package of practices. A total of eight treatments were included in this experiment, three entomopathogenic fungi viz., Metarhizium anisopliae (Wettable Powder) and Beauveria bassiana (Wettable Powder) collected from Foundation for Agricultural Resources Management and Environmental Remediation, Ghaziabad as well as B. brongniartii (Soil Formulation) collected from University of Agricultural Sciences, Bengaluru were applied at a concentration of 1×109 CFU/g/m2. A commercial formulation of M. anisopliae (commercial name Biometa) produced by Assam Agricultural University, Jorhat was also tested with the same dose. Additionally, three entomopathogenic nematodes were evaluated which included Heterorhabditis bacteriophora SBIP3 and Steinernema thermophilium strain SPIH1 collected from Indian Council of Agricultural Research- Sugarcane Breeding Institute, Coimbaitore, Tamil Nadu, India at a dose of 108 IJs/acre along with a local isolate of Heterorhabditis bacteriophora collected from Department of Nematology, Assam Agricultural University, Jorhat, Assam at dose of 109 IJs/acre. The local isolate of Heterorhabditis bacteriophora was isolated from the naturally infected grubs of Lepidiota mansueta, a typical white grub species endemic to Majuli river island, Assam (Devi et al., 2016). An untreated plot was maintained as control. The efficacy of different treatments was assessed on the basis of plant mortality (at 40 and 60 Days after sowing), number of grubs per sq.m. and grain yield. Data were first transformed by angular transformation and then were subjected to statistical analysis to determine the effectiveness of the microbials and nematode interventions based on critical difference values among the means. 

3. results and discussion

The effectiveness of various microbial treatments against the white grub, Anomala sp. (see Fig. 1) was assessed based on per cent plant mortality (at 40 and 60 Days after sowing, DAS), grub population (sq.m.) and total yield (q/ha) (see Table 1). Experimental results showed that all microbial treatments significantly reduced both plant mortality and grub populations compared to the untreated control (p= 0.05), indicating the potential of entomopathogenic microbes as effective biological control agents under field conditions. The reduction in plant damage and pest population clearly demonstrates the role of microbial agents in suppressing soil dwelling pests and improving crop preference. Among the evaluated microbes, the local isolate of Heterorhabditis bacteriophora (@ 109 IJs/acre) provided the best crop protection, achieving notably lower plant mortality at 40 and 60 days after sowing (4.94% and 5.78%, respectively) which aligns with the observations of Dumala et al. (2023) concerning the specialized effectiveness of indigenous biocontrol agents. The better performance of the local isolate may be attributed to its adaptation to the prevailing soil moisture, temperature and physicochemical properties of the region, which often enhance host searching ability, persistence and infectivity of entomopathogenic nematodes under field conditions. Better efficacy of the local isolate tested i.e. H. bacteriophora was also earlier been reported in other soil insect pests like termite and cutworms by Bhairavi et al. (2021) and Devi et al. (2021). 

The commercial formulation developed at Assam Agricultural University (AAU) i.e. M. anisopliae (Biometa) (@ 1× 109 CFU per g/m2) also recorded 6.85 per cent mortality at 60 DAS, suggesting that entomopathogenic fungi also play a crucial role in suppressing white grub’s infestation. These fungi infect the host insect through the cuticle and proliferate inside the body cavity, eventually causing host death through toxin production and tissue colonization. Rest of the tested entomopathogenic fungi viz., soil formulation of B. brongniartii as well as wettable powder formulation of both B. bassiana and M. anisopliae recorded 6.80 and 7.46; 8.31 and 9.82 and 8.57 and 11.04 per cent of plant mortality both at 40 and 60 days after sowing, respectively. In case of the two tested nematodes i.e. S. thermophilium strain SBIH1 and H. bacteriophora strain SBIP3 registered 7.02 and 8.18 as well as 7.14 and 8.92 per cent of plant mortality at 40 and 60 DAS, respectively. In contrast, untreated control plots exhibited a higher plant mortality rate of 13.81 per cent at 60 DAS, indicating the severe damage caused by grubs feeding on underground plant parts in the untreated plots. 

The average population of white grubs per square meter varied significantly across treatments. The lowest grub count (2.00/m2) occurred in plots treated with the local isolate of entomopathogenic nematode, H. bacteriophora (@ 109 IJs/acre) which showed statistically at par with AAU developed M. anisopliae (Biometa) (@ 1× 109 CFU per g/m2). These treatments effectively suppressed grub populations, thereby reducing root damage and improving plant survival. The grub population in rest of the treatments varied between 2.50 to 3.25 numbers per sq.m. Treatments with S. thermophilium (SBIH1) (@ 108 IJs/acre) and H. bacteriophora strain SBIP3 had slightly higher grub populations but were still significantly lower than the untreated control in which a total mean of 4.25 grubs/m2 was recorded. This reduction in grub density across microbial treatments indicated strong pathogenic potential of both fungal and nematode based biological control agents under field conditions. This decrease in white grub population is likely due to the septicemia caused by the symbiotic bacteria (Photorhabdus spp.) associated with heterorhabditid nematodes which are capable of killing a host within 24-48 hours after infection. Once the infective juveniles enter the insect body through natural openings, the bacteria are released into the haemocoel where they multiply rapidly and produce toxins that lead to host mortality. The rapid onset of mortality through septicemia is a well-documented trait of these nematodes as elaborated in the comprehensive review of nematode-bacteria symbiosis by Puza et al. (2024) and further supported by the virulence assays of Shapiro-Ilan et al. (2017). 

The highest yield was recorded in the plots treated with local entomopathogenic nematode strain i.e. H. bacteriophora (@ 109 IJs/acre) treated plots (11.95 q/ha) which was found to be significantly superior compared to other treatments followed by M. anisopliae (Biometa) and B. brongniartii, which yielded 10.86 q/ha and 9.89 q/ha, respectively. The improved yield in these treatments can be attributed to effective suppression of white grub populations, resulting in reduced root damage and better nutrient uptake by the crop. The yield in the untreated control plot was found significantly lower (5.67 q/ha) highlighting the “home-field advantage” of native strains as noted by Mengal et al. (2024). This concept suggests that locally adapted strains often perform better due to their evolutionary adaptation to regional environmental conditions. The success of the local isolate highlights the importance of using indigenous strains that are pre-adapted to the regional soil physiochemical properties and climatic conditions. Such strains generally exhibit better survival, infectivity and persistence in the soil ecosystem compared to exotic or commercial strains. Moreover, mass multiplication of the entomopathogenic nematodes may also be feasible and achieved in laboratory conditions using a standardized artificial medium consisting of equal proportions of dog food and distilled water as described by House et al. (1965) and Bhairavi et al. (2021).   


Table 1. Effect of different entomopathogens against white grubs infesting green gram

	Treatments
	Initial Plant Population (Nos.)
	Plant Mortality
	Grub Population
	Yield (q/ha)

	
	
	40DAS*
	60DAS*
	
	

	Metarhizium anisopliae (WP) @ 1× 109 CFU/g/m2
	475.25
	8.57
(17.02)
	11.04
(19.41)
	3.25
	7.09

	Beauveria bassiana (WP) @ 1× 109 CFU/ g/m2
	524.25
	8.31
(16. 74)
	9.82
(18.27)
	3.25
	7.95

	B. brongniartii (SF) @ 1× 109 CFU/g/m2
	529.75
	6.80
(15.11)
	7.46
(15.84)
	2.50
	9.89

	Heterorhabditis bacteriophora SBIP3 @ 108 IJs/acre
	546.25
	7.14
(15.51)
	8.92
(17.39)
	3.00
	8.30

	Steinernema thermophilium SBIH1 @ 108 IJs/acre
	541.25
	7. 02
(15.36)
	8.18
(16.61)
	2.75
	8.97

	H. bacteriophora @ 109 IJs/acre (Local isolate)
	529.75
	4.94
(12.83)
	5.78
(13.92)
	2.00
	11.95

	M. anisopliae (Biometa) @ 1× 109 CFU/g/m2
	547.50
	5.75
(13.88)
	6.85
(15.18)
	2.25
	10.86

	Control
	489.00
	12.58
(20.78)
	13.81
(21.57)
	4.25
	5.67

	S. Ed (±)
	-
	0.18
	0.22
	0.15
	0.12

	CD (p = 0.05)
	-
	0.38
	0.47
	0.33
	0.25


Data represents mean of 4 replications; Figures in parentheses are angular transformed values; *DAS: Days after sowing
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Fig 1: Larvae of white grub


4. Conclusion

Given that chemical interventions pose risks of groundwater contamination and can disrupt non-target organisms, the integration of local EPN isolates such as H. bacteriophora as well as potent fungal formulations like M. anisopliae offers a resilient and eco-friendly alternative for sustainable white grub management. These biological agents not only enhance pest suppression but also adapt well to local agro-climatic conditions. The adoption of such biological control strategies can significantly strengthen integrated pest management (IPM) programmes by reducing chemical dependency, promoting long-term ecological balance, preserving soil biodiversity, and supporting environmentally responsible agricultural practices for future sustainability.
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