ASSESSMENT OF BIOEFFICACY OF Beauveria bassiana INDIGENOUS PRODUCTS ON PULSE BEETLE (Callosobruchus chinenesis) TO MINIMIZE POST HARVEST LOSSES
 

ABSTRACT
[bookmark: _Hlk169515883]Pulses, notably mung beans, play a pivotal role in Indian agriculture and ensure food security. However, the challenge of post-harvest losses due to storage pests such as the pulse beetle (Callosobruchus chinensis) remains substantial. Conventional synthetic pesticides, while effective, present risks to both human health and the environment. Consequently, there is growing interest in alternative methods such as biological control and botanical extracts. Beauveria bassiana, an entomopathogenic fungus, along with botanical extracts from neem, tobacco, and ginger, show promise in combating these pests. An experiment assessed the effectiveness of botanical insecticides against C. chinensis, a notorious stored grain pest. Prayagraj belongs to sub-tropical climate zone with severe winter and harsh summer along with humid monsoon. Summer lasts from March to September with daily highs reaching up to 48 °C in the dry summer (from March to May) and up to 40 °C in the hot and extremely humid monsoon season (from June to September). The research evaluated different treatments: T1 (Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4%), T2 (Nicotiana tabacum Leaf Extract 4% + Beauveria bassiana 4%), and T3 (Zingiber officinale Extract 4% + Beauveria bassiana 4%). The results demonstrated that T1 exhibited the highest mortality rates across all larval stages of C. chinensis. Specifically, T1 showed 71.07% mortality at 24 hours, 94.51% at 48 hours, and 90.57% at 72 hours for the 1st instar larvae. Similarly, for the 3rd instar larvae, T1 resulted in 70.36% mortality at 24 hours, 75.14% at 48 hours, and 89.24% at 72 hours. The 5th instar larvae also showed significant mortality rates with T1 treatment. Botanical insecticides, particularly those incorporating A. indica, demonstrate significant potential for safeguarding pulses from pest infestation during storage. Plant-based insecticides offer environmentally friendly, biodegradable alternatives that safeguard non-target organisms. To advance the development of novel compounds for sustainable pest management in stored grains, future research should investigate a range of factors, including mammalian toxicity, insecticidal mechanisms, seed viability, and chemical stability. In summary, plant-based insecticides provide a sustainable strategy for grain protection, effectively controlling pest populations while reducing environmental harm.
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INTRODUCTION
The rapidly increasing global population leads to widespread food scarcity and malnutrition, posing challenges for scientists to feed the population with cereal crops alone[10]. Grain legumes, such as mung beans, are essential for improving diets and provide significant dietary intake in many developing regions. Mung bean production is influenced by agricultural practices and sowing techniques, with research focusing on enhancing soil crop management and advanced production techniques to meet the growing population's needs [26]. Pulses, or grain legumes, rank just behind cereals in agricultural importance due to their nitrogen-fixing ability, high protein content, and resilience in less endowed environments. They improve soil health and long-term fertility, meeting up to 80% of their nitrogen requirements through symbiotic fixation. Mung bean is extensively grown in regions such as India, Pakistan, Bangladesh, Sri Lanka, and other parts of Asia, Africa, and the Americas [30]. India is the largest producer, contributing significantly to the country's pulse production. Mung bean, primarily a rainy season crop, is also suitable for spring and summer under irrigated conditions due to its early-maturing varieties. Pulses have high water-use efficiency, making them crucial for sustainable agriculture [34]. Mung bean seeds are a rich protein source with essential minerals, fitting well into multiple cropping systems and providing green manure or fodder post-harvest [12]. Mung bean production is hindered by diseases and pests, leading to significant post-harvest losses. In India, post-harvest losses of pulses, primarily due to insect pests, amount to 12-16 million tonnes annually, causing substantial economic losses [30][7]. Insect pests, such as the pulse beetle (Callosobruchus spp.), cause considerable damage to stored grains [36]. Effective and cost-efficient pest control strategies are urgently needed to reduce these losses [21]. 
Synthetic pesticides, while commonly used, pose health risks, environmental harm, and pest resistance issues [32][35][19]. Therefore, biological control methods, such as entomopathogenic fungi like Beauveria bassiana and botanical extracts, are recommended. Beauveria bassiana is effective against various insect pests and fits well into integrated pest management programs [14][23][1][17]. Botanical products like neem (Azadirachta indica), tobacco (Nicotiana tabacum), and ginger (Zingiber officinale) have shown efficacy against insect pests. Neem, in particular, contains over 25 bioactive compounds with pesticidal properties [26][5]. Botanical extracts offer a sustainable approach to pest management, impacting the physiological features of pests and showing high mortality rates [18][27]. Biological control methods and botanical extracts present a sustainable and environmentally friendly approach to managing storage pests in pulses, reducing post-harvest losses, and ensuring food security in India. Therefore, the objective of the study is to find out the bio-efficacy of different concentrations of Beauveria bassiana and botanical extract against target stored grain insect pests.

METHOD
The experiment was carried out in the Department of Biological Sciences, Sam Higginbottom University of Agriculture Technology and Science, India.
The test insect used for this study was Callosobruchus chinensis commonly known as the pulse beetle. Various instars of Callosobruchus chinensis were reared in the laboratory to facilitate the research as shown in Fig.3, Fig.4, and Fig.5. The study involved two main procedures: The isolation of the entomopathogenic fungus Beauveria bassiana and the extraction of plant materials from Azadirachta indica leaves, Nicotiana tabacum leaf, and Zingiber officinale extract using the Soxhlet extraction method.
To isolate Beauveria bassiana, Sobouraud Dextrose Agar (SDA) medium was prepared following a standardized protocol, which involved dissolving solid components like agar, peptone, yeast extract, and dextrose in distilled water, adjusting the pH to 6.0-6.5, and sterilizing the mixture by autoclaving. The isolated Beauveria bassiana was then cultured on the SDA medium to obtain different concentrations for the study. 
Plant materials were extracted using the Soxhlet extraction method. This process involved repeatedly washing the plant leaves and rhizomes with a solvent in a Soxhlet extractor, allowing for the efficient extraction of bioactive compounds. These extracts, along with the different concentrations of Beauveria bassiana, were prepared for further experiments to evaluate their bio-efficacy against the target stored grain insect pests, aiming to minimize post-harvest losses.
a. Preparation of SDA Medium:
For isolation and culturing of the entomopathogenic fungus Beauveria bassiana, Sobouraud Dextrose Agar (SDA) medium was used. The procedure adopted for the preparation is as under [2].





Table 1. Preparation of SDA Medium
	           Composition in solid form               
	                  Composition in broth medium

	Agar 	
	15 g
	Agar           	
	15 g

	Peptone
	10 g
	Peptone  
	10 g

	Yeast extracts   
	2 g
	Yeast extract 	
	2 g

	Distilled water 	
	1000 ml
	Distilled water 	
	1000 ml

	pH                 	          
	6.0-6.5                  
	pH        	 
	6.0-6.5

	Dextrose 	
	40 g
	Dextrose        	
	40 g




A weighed amount of peptone and yeast extract was dissolved in 1000 ml of distilled water in the pan. The mixture is heated slowly while stirring until it starts to boil. Agar was added prior to boiling. After boiling for some time, it was removed from the heat dextrose was added and the pH was adjusted to 6.0-6.5. Then the media was transferred to flasks and culture tubes were sterilized at 15 lbs pressure for 20 minutes in the autoclave.
b. Isolation of fungus:
The fungus Beauveria bassiana was isolated from dead Inderbella quadrinotata, (Guava Bark eating caterpillar) larvae collected from guava orchards of Allahabad Agricultural Institute -Deemed University, Allahabad. The culture was then purified on SDA media and maintained for use in the various experiments.
c. Identification of Fungus:
Mycelium is white or slightly colored with a white fluffy powders appearance. Conidiophores single, irregularly, grouped, or in verticillate clusters, in some species inflated at the base, tapering to a slender spores-bearing portion, which appears zigzag after several spores are produced. Conidia hyaline, rounded ovoid one-celled borne singly on sterigmata (Fig.2)

[image: ]         [image: Beauveria bassiana (Magnification 100 X); a -Conidia; b -Hyphae... |  Download Scientific Diagram]
Fig.1  Conidia hyaline                                    Fig.2 sterigmata


d. Inoculation of test organism :
I. In solid form: With the help of a sterilized cork borer, discs of 0.5 cm diameter were cut from the actively growing culture of  Beauveria bassiana at the edge of the culture and placed  in the center of each dish. Inoculated Petri dishes were incubated at 25-26 oC and radial growth (mm) of Beauveria bassiana was recorded at 12th   and 18th  days after inoculation.
II. In broth Medium : In broth medium disc of the test fungus were inoculated in the conical flasks. The inoculated flasks were incubated at 25-26 0C for 10 days and mycelial weight was recorded after filtering the liquid out. 
e. Purification and Maintenance of culture:
The culture of Beauveria bassiana was purified from isolated dishes and maintained by periodic sub-culturing in SDA slants every 15 days.
f. Preparation of different concentrations of Beauveria bassiana :
The fungus was removed from the flasks and then pressed in between the blotting paper. Then it was weighed prepare different concentrations (weight/volume) of 4 %,  
4 % lab formulation:- 4 gram  Beuveria bassiana net in 96 ml distilled water.

g. Preparation of botanical extract  
Soxhlet apparatus method was used.
h. Soxhlet Extraction 
This method was used as a benchmark for cold press extraction. A ground sample of neem leaf (64 g) was placed in a “thimble” made of filter paper and placed in the soxhlet extractor. A flask containing 500 ml of the appropriate solvent was attached at the bottom and heated until evaporation, according to the 936.15 AOAC (1990) procedure. This cycle was repeated four times, with a portion of the biopesticide washed off with the help of the solvent. Following completion of all four cycles, the thermostatized evaporation of the solvent was carried out until constant weight on boiling chips at 60°C. Three extractions were obtained for each solvent.


Table 2. LIST OF TREATMENT
	T0
	Control

	T1
	Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 % 

	T2
	Nicotiana tabacum Leaf Extract 4 % + Beauveria bassiana 4 % 

	T3
	Zingiber officinale extract 4 % + Beauveria bassiana 4 % 



Preparation of test Indigenous products
1. Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 % 
To prepare the extract of Azadirachta indica in Beauveria bassiana, a very simple method was adapted. The 4 % from Azadirachta indica Leaf Extract wasadded with 4 % from Beauveria bassiana. Now to prepare the 4 % above solution the quantity of different ingredients was 40 ml mixture extract + 960 ml water + 1 gram soap (The soap acts as a surfactant, which helps to emulsify the solution, ensuring even distribution and better adhesion of the active ingredients to the target surfaces).

2. Nicotiana tabacum 4%+ Beauveria bassiana 4 % 
To prepare the extract of Nicotiana tobacum in Beauveria bassiana, a very simple method was adapted. The 4 % of Nicotiana tabacum Leaf Extract was added with 4% of Beauveria bassiana. Now to prepare the 4 % above solution the quantity of different ingredients was 40 ml mixture extract + 960 ml water + 1 gram soap (The soap acts as a surfactant, which helps to emulsify the solution, ensuring even distribution and better adhesion of the active ingredients to the target surfaces.).
3. Zingiber officinale 4% + Beauveria bassiana 4 % 
To prepare the extract of Zingiber officinale in Beauveria bassiana, a very simple method was adapted. The 4% of Zingiber officinale Leaf Extract was added with 4% of Beauveria bassiana. Now to prepare the 4% above solution the quantity of different ingredients was 40 ml mixture extract + 960 ml water + 1 gram soap (The soap acts as a surfactant, which helps to emulsify the solution, ensuring even distribution and better adhesion of the active ingredients to the target surfaces.).
The mortality percentage and net mortality of instar (Stage development) larvae 1st, 3rd and 5th of the test insect pest will be calculated at the duration of 24, 48 & 72 hours by using  Abbot’s formula:[3] 


Mode of action:- Contact

Contact action:   The method involved the experimental set up by drawing 1st instar larvae of Callosobruchus chienesis from the colony reared in the laboratory and kept separately for pre-treatment. Ten larvae/replicate were released in the beakers for 16 treatments (in each beaker sterilized filter paper was kept), and each replicated thrice. [4] 
Uniform spraying on the insect body was done by spraying 10ml of each treatment through a Pneumatic hand atomizer [11]. For control 10 ml distilled water was sprayed on the insect body sprayed larvae were air dried for about five minutes and then fresh food was provided to the test insects. Same procedures were repeated for 1st   3rd and 5th instar larvae Callosobruchus chienesis   for 24, 48, and 72 hours, respectively.
 The post-treatment operations involved transferring the beakers containing treated larvae to the laboratory, under the control environmental conditions. Observations for larval mortality were recorded.

Study of Phytochemical properties and their mode of action of particular treatments
	Particular treatment

	Phytochemical properties
	Mode of action
	Refrences

	 Beauveria bassiana
	1.Beauveria bassiana is an entomopathogenic fungus known for producing several bioactive compounds, including beauvericin, bassianin,and tenellin.
2.These compounds have insecticidal properties that interfere with the pest's nervous system and cellular processes.
	Beauveria bassiana fungal pathogen that infects insects by penetrating their cuticle and proliferating within their body, leading to death through a combination of physical damage and toxin production.

	[11][13]


	Azadirachta indica
	Neem contains several bioactive compounds, with azadirachtin being the most significant. Others include nimbin,salannin, and meliantriol .
	1. Neem extract contains azadirachtin, which disrupts the hormonal system of insects, affecting their growth, reproduction, and feeding behavior. It also has antifeedant properties and can inhibit the feeding and oviposition of C. chinensis.
2. Azadirachtin disrupts the hormonal balance in insects, inhibiting growth, molting, and reproduction. It also acts as an antifeedant and repellent.
	[15][27]

	Nicotiana tabacum
	Tobacco plants produce nicotine and anabasine, potent alkaloids with insecticidal properties.

	1.Tobacco extract contains nicotine, which is a potent neurotoxin affecting the nervous system of insects. It acts as a repellent and has contact toxicity against C. chinensis.
2.Nicotine acts as a neurotoxin by mimicking acetylcholine, causing continuous stimulation of the insect nervous system, leading to paralysis and death.
	[22][28]

	Zingiber officinale
	Ginger contains gingerols, shogaols, and zingerone, which have insecticidal and repellent properties.

	1.Ginger extract contains compounds such as gingerol and shogaol, which have insecticidal and repellent properties. These compounds interfere with the feeding and reproductive systems of pests.
2. The active compounds interfere with the pest's digestive and nervous systems, reducing feeding and causing mortality.

	[2][23]




Statistical Analysis:	
A.  Laboratory treatments:
The percent mortality and percent net mortality caused by different treatments on different instars in the three methods were calculated by using the Abbots formula: [3]


Mortality in test 
Mortality in control 

Percent mortality =    x     100



                                               Percent mortality in test – per cent mortality in controlx    100

Percent net mortality = 
                                                        100 – Percent mortality in control 


For comparing the effects of instars, periods, and treatments all together, a three-way analysis of variance technique (Gomez and Gomez, 1984) was used. 

The skeleton of the ANOVA table is appended below


The data obtained on various characters/parameters were subjected to analyses of variance technique applicable to completely randomized design. The level of significance used in the ‘F’ test was p= 0.05 wherever, the F calculated was significant, critical difference values were calculated for treatment comparisons. The values obtained in percentage were transformed into angular values and subjected to analyses.





RESULT 
[bookmark: _Hlk161263032]Table 3. Net Percent  mortality of C. chinensis  adults treated with treatment on the 1st  instar.
	[bookmark: _Hlk171173903]Treatment details 
	24 hrs
	48hrs
	72hrs

	T0
	0.00
	0.00
	0.00

	T1
	71.06
	77.81
	90.57

	T2
	64.03
	69.51
	86.77

	T3
	57.22
	49.91
	64.87

	C.D. at 5%
	1.984
	1.842
	0.873


	SE.d (±)
	0.847
	0.787
	0.373

	C.V.
	2.157
	1.954
	0.754


[bookmark: _Hlk171173938]T0: Control, T1: Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 %, T2: Nicotiana tabacum 4% + Beauveria bassiana 4 % and T3: Zingiber officinale 4% + Beauveria bassiana 4 % 

The treatment details revealed that the control group (T0) exhibited 0.00% mortality at 24, 48, and 72 hours, indicating no effect on the pulse beetle larvae. In contrast, the treatment with Azadirachta indica Leaf Extract 4% combined with Beauveria bassiana 4% (T1) showed significant effectiveness, with mortality rates of 71.06% at 24 hours, 77.81% at 48 hours, and 90.57% at 72 hours. The Nicotiana tabacum Leaf Extract 4% combined with Beauveria bassiana 4% (T2) also demonstrated high efficacy, with mortality rates of 64.03% at 24 hours, 69.51% at 48 hours, and 86.77% at 72 hours. The Zingiber officinale Extract 4% combined with Beauveria bassiana 4% (T3) was the least effective among the treatments, with mortality rates of 57.22% at 24 hours, 49.91% at 48 hours, and 64.87% at 72 hours.




Graph 1. Net Percent  mortality of C. chinensis  adults treated with treatment on the 1st  instar.T0: Control, T1: Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 %, T2: Nicotiana tabacum 4% + Beauveria bassiana 4 % and T3: Zingiber officinale 4% + Beauveria bassiana 4 % 









Table 4. Net Percent  mortality of C. chinensis  adults treated with treatment at 3rd instar.
	Treatment details 
	24hrs
	48hrs
	42hrs

	T0
	0.00
	0.00
	0.00

	T1
	70.36
	75.14
	89.24

	T2
	61.96
	65.84
	84.17

	T3
	55.17
	49.24
	63.53

	C.D. at 5%
	1.252
	1.351
	2.143

	SE.d (±)
	0.535
	0.577
	0.915

	C.V.
	1.397
	1.485
	1.892


T0: Control, T1: Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 %, T2: Nicotiana tabacum 4% + Beauveria bassiana 4 % and T3: Zingiber officinale 4% + Beauveria bassiana 4 % 

The treatment details indicated that the control group (T0) had a consistent 0.00% mortality rate at 24, 48, and 72 hours, showing no effect on the pulse beetle larvae. For the treatment with Azadirachta indica Leaf Extract 4% combined with Beauveria bassiana 4% (T1), the mortality rates were 70.36% at 24 hours, 75.14% at 48 hours, and 89.24% at 72 hours. The treatment with Nicotiana tabacum Leaf Extract 4% combined with Beauveria bassiana 4% (T2) resulted in mortality rates of 61.96% at 24 hours, 65.84% at 48 hours, and 84.17% at 72 hours. The treatment with Zingiber officinale Extract 4% combined with Beauveria bassiana 4% (T3) exhibited the lowest effectiveness among the treatments, with mortality rates of 55.17% at 24 hours, 49.24% at 48 hours, and 63.53% at 72 hours.


Graph 2. Net Percent  mortality of C. chinensis  adults treated with treatment at 3rd instar.
T0: Control, T1: Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 %, T2: Nicotiana tabacum 4% + Beauveria bassiana 4 % and T3: Zingiber officinale 4% + Beauveria bassiana 4 % 











Table 5. Net Percent  mortality of C. chinensis  adults treated with treatment at 5th instar.
	  Treatment details
	24hrs
	48hrs
	72hrs

	T0
	0.00
	 0.00
	0.00

	T1
	69.03
	71.48
	78.57

	T2
	58.62
	63.51
	65.78

	T3
	42.91
	44.17
	50.53

	C.D. at 5%
	1.451
	2.195
	2.595

	SE.d (±)
	0.620
	0.937
	1.108

	C.V.
	1.780
	2.568
	2.785


T0: Control, T1: Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 %, T2: Nicotiana tabacum 4% + Beauveria bassiana 4 % and T3: Zingiber officinale 4% + Beauveria bassiana 4 % 

The treatment details showed that the control group (T0) had a 0.00% mortality rate consistently at 24, 48, and 72 hours, indicating no effect on the pulse beetle larvae. The treatment with Azadirachta indica Leaf Extract 4% combined with Beauveria bassiana 4% (T1) resulted in mortality rates of 69.03% at 24 hours, 71.48% at 48 hours, and 78.57% at 72 hours. The treatment with Nicotiana tabacum Leaf Extract 4% combined with Beauveria bassiana 4% (T2) showed mortality rates of 58.62% at 24 hours, 63.51% at 48 hours, and 65.78% at 72 hours. The treatment with Zingiber officinale Extract 4% combined with Beauveria bassiana 4% (T3) exhibited the lowest effectiveness, with mortality rates of 42.91% at 24 hours, 44.17% at 48 hours, and 50.53% at 72 hours.



Graph 3. Net Percent  mortality of C. chinensis  adults treated with treatment at 5th  instar.
T0: Control, T1: Azadirachta indica Leaf Extract 4% + Beauveria bassiana 4 %, T2: Nicotiana tabacum 4% + Beauveria bassiana 4 % and T3: Zingiber officinale 4% + Beauveria bassiana 4 %.


DISCUSSION
Effectiveness of Beauveria bassiana and Botanical Extracts
The study demonstrates that the combination of Beauveria bassiana with botanical extracts, particularly Azadirachta indica (neem), is highly effective in managing C. chinensis infestations in stored pulses. The mortality rates observed in this study suggest that these combinations can be potent biopesticides, providing an environmentally friendly alternative to conventional chemical pesticides. Azadirachta indica combined with Beauveria bassiana (T1) achieved the highest mortality rates across all instar stages, significantly reducing the population of C. chinensis over time. Specifically, this treatment resulted in mortality rates of up to 90.57% at 72 hours for the 1st instar larvae. This high efficacy aligns with the known pesticidal properties of neem, which include disrupting the hormonal systems of insects, thereby inhibiting growth, reproduction, and feeding behaviors. Nicotiana tabacum (tobacco) extract also demonstrated considerable effectiveness, although slightly less potent than neem. The combination of tobacco extract with Beauveria bassiana (T2) resulted in mortality rates of up to 86.77% at 72 hours for the 1st instar larvae. The active compound in tobacco, nicotine, acts as a neurotoxin that disrupts the nervous system of insects, leading to paralysis and eventual death. Zingiber officinale (ginger) extract, while effective, was the least potent of the three botanical treatments. The ginger extract combined with Beauveria bassiana (T3) showed mortality rates of 64.87% at 72 hours for the 1st instar larvae. Ginger contains compounds such as gingerol and shogaol, which have insecticidal and repellent properties but are less aggressive compared to neem and tobacco extracts.
Environmental and Health Benefits
The use of Beauveria bassiana in conjunction with botanical extracts offers significant environmental benefits. Unlike synthetic pesticides, these biopesticides do not pose risks to human health or non-target organisms. The entomopathogenic fungus Beauveria bassiana works by penetrating the insect's cuticle and proliferating within its body, causing death through a combination of physical damage and toxin production. This mechanism is specific to insects, reducing the likelihood of adverse effects on other species.
Additionally, neem, tobacco, and ginger extracts are biodegradable, reducing the environmental persistence and potential pollution associated with chemical pesticides. This makes these treatments particularly suitable for sustainable agriculture practices, which aim to minimize the ecological footprint of pest management strategies.
Top of Form
CONCLUSION
The research highlights the bioefficacy of Beauveria bassiana and various botanical extracts against Callosobruchus chinensis, a significant pest of stored grains. This study involves different treatments combining Beauveria bassiana with extracts from Azadirachta indica, Nicotiana tabacum, and Zingiber officinale, evaluating their effectiveness in controlling larval mortality at different instar stages (1st, 3rd, and 5th) over 24, 48, and 72 hours. The experimental setup includes the preparation and application of these treatments using appropriate methodologies such as soxhlet extraction for botanical extracts and SDA medium for cultivating Beauveria bassiana. The results indicate varying degrees of mortality in treated insects compared to the control, highlighting the potential of these biological and botanical agents in integrated pest management strategies.
The study concludes that integrating Beauveria bassiana with botanical extracts such as Azadirachta indica and Nicotiana tabacum can effectively control Callosobruchus chinensis infestations in stored grains. This approach offers a sustainable and environmentally friendly alternative to synthetic pesticides, potentially reducing post-harvest losses and ensuring food security in pulse crops. Overall, the use of plant-based insecticides represents a sustainable and environmentally friendly approach to grain protection, providing effective pest control while minimizing harm to the ecosystem.
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