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Abstract 

Bio-pesticides are considered as an alternative to chemical pesticide in modern vegetable production. We 

had to increase the vegetables yield in any way that's why we used chemical insecticide blindly. 

Obviously the chemical pesticide are not environment friendly and they are responsible for water, air and 

soil pollution as well as can spread cancer causing agents also. In view of these reasons, the scientist has 

found the option of chemical pesticide through bio-pesticide. There are different types of microorganisms 

Which are used in the Bio-pesticide. The role of Bio-pesticide in vegetables production assumes special 

significance, particularly in the present context of increased cost of chemical pesticide and their 

hazardous effects on environment. This review outlines the current state of knowledge on the potential 

use of biopesticides in global control of pests in vegetables. 
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Introduction 

Vegetables are most important component of a balanced diet and act as a protective food. India 

occupies a prime position in the world in vegetable production and 2nd largest producer of 

vegetable next to china. India produces about 7905000 million tons of vegetables from an area 

465000 million hectares, and productivity 17t/h [1] which are far below to the desired 

requirement (300g/capita/day) to fulfil the need of the growing population [2]. It is widely 

accepted that vegetables are important component of a healthy diet, and that their consumption 

could help prevent a wide range of diseases. Epidemiological data support that protective 

effect of vegetables against several types of cancers and cardiovascular disease [3]. No field of 

human endeavour is entirely free of risk. All aspects of our daily life are surrounded by some 

degree of risk. Even to do nothing can incur a risk. In every case, we have to consider all risks 

of any activity in the light of all its benefits. This applies equally to the safe and effective 

pesticide use. For decades, discussions among scientists and the public have focused on the 

real, predicted, and perceived risks that pesticides pose to people and the environment. It is 

evident that wide-spread use of pesticides in modern agriculture has been an accepted part of 

the industry for many years. At the same time, there is evidence of both direct and indirect 

dangers involved in the use of these chemicals [4-8]. Pesticide use has certainly contributed 

towards improving agricultural production, in terms of both yield and quality, thus increasing 

agricultural income, particularly in developed countries. However, careless use of pesticides 

without adhering to the safety norms and recommended practices has posed serious health 

risks to humans, other living organisms, and the environment, from on-farm workers ‘exposure 

and release of chemicals into the air and water, to commodities containing pesticide residues [9-

10]. Having these incessant problems or drawbacks associated with the use of synthetic 

chemicals to control pests, it is imperative to look for eco-friendly method that will serve as an 

alternative to chemicals (biopesticides). Biopesticides are effective, biodegradable with no 

residuals in the environment. Due to the adverse effects of chemicals, biopesticides 

development is increasing and that their efficiency against pests is significant [11]. 

Therefore, there has been a growing demand for food safety and quality in recent decades, as 

reflected in the tight safety regulations on imports of products and strict regulations on the 

amount of pesticide residues on commodities. Moreover, increasingly high standards regarding 

product quality are continuously being set. Public awareness about the adverse effects of 

pesticides on the safety of foods and on the environment has increased in recent years, and the 

search for alternatives to widely used chemical pesticides, including biopesticides, has become 

a priority. In this regard, the conventional pesticide industry and market have undergone major 

changes over recent decades [12], which have entailed greater efficiency of pesticide use than in 

the past through major improvements to pest management technology and practices in the 

context of Integrated Pest Management (IPM) programs.  
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These developments have significantly improved pest 

management practices, reduced, in some cases, pesticide use, 

and have also impeded the growth in demand for chemical 

pesticides [13]. Biopesticides are natural materials derived 

from animals, plants, and bacteria, as well as certain minerals, 

that are used for pest control [14]. Almost 90% of the microbial 

biopesticides currently available on the market are derived 

from only one entomopathogenic bacterium, i.e., Bacillus 

thuringiensis or Bt [15]. Currently, biopesticides comprise a 

small share of the total crop protection market globally, with a 

value of about $3 billion worldwide, accounting for just 5% 

of the total crop protection market. Growth of biopesticides is 

projected to outpace that of chemical pesticides, with 

compounded annual growth rates of more than 15% [16, 17]. 

The aim of this review is to critically highlight the potentials 

of biopesticides for vegetable pest control. 
 

Bio-Pesticides 

According to the United States Environmental Protection 

Agency (EPA), biopesticides are pesticides derived from 

natural materials, such as animals, plants, bacteria, and certain 

minerals (www.epa.gov). Biopesticides are biochemical 

pesticides that are naturally occurring substances that control 

pests by nontoxic mechanisms. Biopesticides are living 

organisms (natural enemies) or their products 

(phytochemicals, microbial products) or by products 

(semiochemicals) which can be used for the management of 

pests that are injurious to plants. Biopesticides have an 

important role in crop protection, although most commonly in 

combination with other tools including chemical pesticides as 

part of Bio-intensive Integrated Pest Management 

Biopesticides or biological pesticides based on pathogenic 

microorganisms specific to a target pest offer an ecologically 

sound and effective solution to pest problems. They pose less 

threat to the environment and to human health. The most 

commonly used biopesticides are living organisms, which are 

pathogenic for the pest of interest. These include 

biofungicides (Trichoderma), bioherbicides (Phytopthora) and 

bioinsecticides (Bacillus thuringiensis). The potential benefits 

to agriculture and public health programmes through the use 

of biopesticides are considerable [18]. Organization for 

Economic Co-operation and Development (2009), viewed 

biopesticides as manufactured mass produced agents derived 

from natural sources living micro-organisms and sold for use 

to control pests [19]. 
 

Biopesticides Registered under Insecticides Act, 1968 [20]. 

1. Bacillus thuringiensis var. israelensis   

2. Bacillus thuringiensis var. Kurstaki  

3. Bacillus thuringiensis var. galleriae  

4. Bacillus sphaericus  

5. Trichoderma viride   

6. Trichoderma harzianum  

7. Pseudomonas fluoresens 

8. Beauveria bassiana 

9. NPV of Helicoverpa armigera 

10. NPV of Spodoptera litura 

11. Neem based pesticides 

12. Cymbopogan 
 

Categories of Biopesticides 

Biopesticides fall into four major categories:  

1. Microbial pesticides  

2. Biochemical pesticides  

3. Plant-Incorporated-Protectants (PIPs)  

4. Semiochemicals 

Use of Biopesticides in Vegetables Pests Management  

Mostly the vegetables are harvested frequently and the picked 

vegetables are marketed for human consumption immediately 

without any analysis for residual effects of the pesticides. 

However, toxic effects of synthetic pesticides are a real threat 

to human health. The bio-pesticides are safe and their 

application not only suppresses the insect pests effectively, 

but there is no risk of residual effects for the consumers [21]. 

 

Vegetables Insect Management 

Effect of Neem based pesticides against white fly and jassid 

was higher than other treatments and Achook and NSKE (3%) 

were the most effective in controlling the white fly and jassid 
[22]. It was found that different Neem products (botanical 

pesticides) proved to be effective to control Jassid under field 

conditions [23]. Neem based products gave significant control 

of jassids (Amrasca devastans) [24]. It is also in agreement with 

who used Neem oil at 2% and Neem seed water extract at 3% 

which significantly reduced the population of jassids and 

white fly [25]. Neem and dhatura controlled the sucking insect 

pests effectively [26]. The effect of bio-pesticides and their 

efficacy was to control insect pests of tomato. The bio-

pesticides appear to be a promising biological control agent 

against whiteflies. The use of these products in a context of 

integrated protection of tomato requires that their efficacy is 

not altered when applied together [27]. Neem oil, Tobacco 

leaves, Neem powder, Neem oil + B.M. Beneficial micro-

organism were sprayed twice. The pre-treatment counts of the 

pest were recorded one day before spray. The post treatment 

observations were taken after 48, 72 hours one week two 

weeks. In first spray against jassid Neem oil was most 

effective bio-pesticides and showed highest mortality 

(71.97%) followed by Neem oil + B.M. Beneficial micro-

organism (65.48%) Neem powder (61.56%) and Tobacco 

leaves (54.75%). In the first spray against Jassid Tobacco 

leave has showed highest reduction percentage (85.90%) and 

followed by Neem oil (80.00%) Neem oil + B.M. Beneficial 

microorganism (75.70%) and Neem powder (70.70%). In 

second spray against jassid Neem oil has showed good 

highest mortality (72.30%) followed by Neem oil + B.M. 

Beneficial micro-organism (63.68%) [28]. The treatment of 

Neem formulation with azadirachtin-endosulfan at 15 days 

interval brought down the Jassids population up to 0.68/5 

plants [29]. The effect of six plants extracts (sweetsop, chilli 

pepper, garlic, ginger, Neem and Tobacco) against the insect 

pests of cowpea. All the plant extract treatments were 

significantly better than control treatments. Results of the 

present finding therefore, suggest the use of all the tested 

plant extracts particularly Tobacco, sweetsop and garlic as 

they have been found to be very promising bio-pesticides in 

the control of insect pests [30]. Tobacco extract resulted 

highest mortality (98.60%) of mealy bug, Neem oil was most 

effective after Tobacco extract causing 89.32% pest mortality, 

Neem extract ranked third in relation to efficacy against 

mealy bug with insect mortality of 80.37%, while garlic 

extract was least effective against mealy bug with mortality of 

75.82% after 72 hours treatment [31]. Among the plant 

material, best antifungal activity was achieved by extracts of 

Azadirachta indica (Neem), and Allium sativum (garlic) at the 

concentration of 0.015% [32]. Only plants sprayed with Neem 

(31.1 mg a.i./l) showed symptoms of phytotoxicity. Lime 

sulphur and Neem based products, applied in appropriate 

concentrations and formulations, bear out as a viable 

alternative to control Trypanosoma evansi on tomato plants 
[33]. The toxic effect of the insecticides and bio-pesticides 
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decreased after 7 days of treatment application [34]. Three bio-

pesticides (Bt, NeemAzal and Spinosad) as alternatives to 

manage important tomatoes insect pests, and reported that 

Neem Azal was effective against all test insects pests. The 

chemical pesticides demonstrated the highest effects in 

controlling the tested insects but they reduced significantly 

the population of the beneficial insects. The bio-pesticides 

seem to be less hazardous to the beneficial insects [35]. 

Adults were susceptible to five of seven aqueous suspensions 

of conidia. The extract from M. anisopliae was the most toxic, 

resulting in about 90% mortality. The compatibility of the 

entomopathogenic fungus Beauveria bassiana (Balsamo) 

Vuillemin with neem was conducted against sweetpotato 

whitefly, Bemisia tabaci (Gennadius) (Hemiptera: 

Aleyrodidae), on eggplant. The combination of B. bassiana 

and neem yielded the highest B. tabaci egg and nymph 

mortalities and the lowest LT50 value. Therefore, neem was 

used along with B. bassiana suspension as an integrated pest 

management program against B. tabaci [36]. 

Fungal biocontrol agents, including 10 isolates of Beauveria

bassiana, Metarhizium anisopliae, and Paecilomyces 

fumosoroseus were bio assayed for their lethal effects on the 

eggs of the carmine spider mite, Tetranychus cinnabarinus 
[37]. The ovicidal activity of the three fungal species and 

suggested the feasibility to search for more ovicidal isolates 

from fungal species that may serve as biocontrol agents 

against spider mites such as T. cinnabarinus. Two isolates of 

entomopathogenic fungi, Beauveria bassiana SG8702 and 

Paecilomyces fumosoroseus Pfr153, were also bio assayed 

against T. cinnabarinus eggs [38]. Entomopathogenic fungi 

(Hypocreales) have been used for the control of potato 

psyllid, Bactericera cockerelli (Sulc) (Hemiptera: Triozidae) 

in an area endemic for zebra chip disease of potato. 

Entomopathogenic fungi could provide a viable component 

for an integrated pest management strategy for control of B. 

cockerelli and other potato pest insects. Commercial 

formulations of Metarhizium anisopliae and Isaria 

fumosorosea and abamectin were conducted. It was observed 

that all fungal treatments significantly reduced plant damage 

and zebra chip symptoms [39]. 

 
Table 1: Some of the plant products registered as bio-pesticides [40]. 

 

Plant Product used as 

Biopesticides 
Target Pests 

Limonene and Linalool Fleas, aphids and mites also kill fire ants, several types of flies, paper wasps and house crickets 

Neem A variety of sucking and chewing insect 

Pyrethrum/Pyrethrins Ants, aphids, roaches, fleas, flies, and ticks 

Rotenone 
Leaf-feeding insects, such as aphids, certain beetles (asparagus beetle, bean leaf beetle, Colorado potato beetle, 

cucumber beetle, flea beetle, strawberry leaf beetle, and others) and caterpillars, as well as fleas and lice on animals 

Ryania Caterpillars (European corn borer, corn earworm, and others) and thrips 

Sabadilla Squash bugs, harlequin bugs, thrips, caterpillars, leaf hoppers, and stink bugs 

 

Neem tops the list of 2,400 plant species that are reported to 

have pesticidal properties and is regarded as the most reliable 

source of eco-friendly biopesticidal property. Neem products 

are effective against more than 350 species of arthropods, 12 

species of nematodes, 15 species of fungi, three viruses, two 

species of snails and one crustacean species [41]. Azadirachtin, 

a tetranortritarpinoid, is a major active ingredient isolated 

from neem, which is known to disrupt the metamorphosis of 

insects [42]. One of the most successful examples of microbial 

biopesticide use is in the management of diamondback moth 

(Plutella xylostella) in tropical Asia and Africa. Diamondback 

moth is the most destructive insect pest on vegetable brassicas 

in the world, sometimes causing more than 90 percent crop 

losses [43]. Unlike the diamondback moth, they do not have 

any effective biocontrol agents. However, B. thuringiensis-

based biopesticides are an effective tool against secondary 

lepidopterans. For instance, the cabbage head caterpillar is 

quite susceptible to most of the Cry1A toxins such as Cry1Aa, 

Cry1Ab, and Cry1Ac [44]. Entomopathogenic viruses, 

especially nucleopolyhedrovirus (NPV) and granulovirus 

(GV), also are known to be effective against various insect 

pests on vegetables. Helicoverpa armigera NPV (HaNPV), 

Spodoptera litura NPV (SlNPV), and S. exigua NPV (SeNPV) 

already have been commercialized and are widely used 

against tomato fruit worm (Helicoverpa armigera), common 

army worm (Spodoptera litura) and beet army worm (S. 

exigua), respectively [45]. Several reports have confirmed the 

effectiveness of entomopathogenic fungi against various pests 

on vegetables. For instance, some of the entomopathogenic 

fungi isolates were known to possess ovicidal and larvicidal 

effects against legume pod borer [46], larvicidal effects against 

diamondback moth on cabbage, larvicidal effects against web 

worms (Hymenia recurvalis and Psara basalis) on amaranth 
[47-48] and pupicidal effects against tomato fruit worm [49]. 

Additive effects were found on the mortality of diamondback 

moth when entomopathogenic fungi were combined with the 

parasitoid, Oomyzus sokolowskii [50]. However, the parasitism 

was reduced when the diamondback moth was treated with 

entomopathogenic fungi 24 h before the exposure to the 

parasitoid. The entomopathogenic fungi caused 9-21 percent 

confirmed mortality of the parasitoid and S. litura [51-52]. 

AVRDC has developed and promoted an IPM strategy based 

on sex pheromones for managing eggplant fruit and shoot 

borer in South Asia. The adoption of eggplant fruit and shoot 

borer IPM strategy led to a 70 percent reduction in pesticide 

use in Bangladesh [53-54]. 

 

Vegetable Disease Management 

Biopesticides are used primarily as preventative measures, so 

they may not perform as quickly as some synthetic chemical 

pesticides. However, biopesticides are generally less toxic to 

the user and are non-target organisms, making them desirable 

and sustainable tools for disease management. While their use 

is not overly complicated, the application of some 

biopesticides may require a high level of understanding and 

knowledge of the diseases and pathogens that they are 

designed to control. As with any disease management 

program, proper timing and application are essential to 

ensuring efficacy. 
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Table 2: Some successful experimental use of bio-pesticides against various diseases 

 

Bioagent Pathogen Host (Crop) Reference 

T. harzianum 
Phytophthora capsici, Fusarium oxysporum f. 

Sp lycopersici 
Tomato 

Sriram et al., 2010 
[55]. 

Tricihoderma spp. Botrytis cinera Tomato Tucci et al., 2011 [56]. 

Pseudomonas aeruginosa Sclerotinia sclerotiorum Tomato Deshwal, 2012 [57]. 

B. subtilis Ralstonia solanacearum Tomato Chen et al., 2013 [58]. 

T. viride Colletotrichum capsici Chilli Jagtap et al., 2013 [59]. 

Xanthomonas spp. 

Pseudomonas syringae pv. 

Tomato 

Bacterial spot & 

bacterial speck 
Tomatoes and pepper 

Coa et al. 2018 
[60]. 

Streptomyces lydicus WYEC 108 

Soilborne pathogens: Pythium spp., Rhizoctonia spp., 

Phytophthora spp., Fusarium spp., Verticillium spp., 

Phymatotrichum omnivorum, and other root decay fungi 

Foliar pathogens: Podosphaera spp., Botrytis spp., 

Schlerotinia spp., Monilinia spp., Alternaria spp., 

Peronospora spp., and other foliar fun 

Greenhouse, nursery, and 

turf 

Bacillus pumilus QST 2808 Rust, powdery mildew, cercospora, and brown spot Potatoes 

Bacillus subtilis GB03 
Rhizoctonia, Fusarium, Alternaria, Aspergillus, and others 

that attack the root systems of plants 
peas, and beans 

Trichoderma harzianum Rifai 

strain KRL-AG2 
Fusarium, Pythium, and Rhizoctonia 

Cucurbit vegetables, leafy 

vegetables, cole crops and 

hydroponic crops, 

Bacillus subtilis QST 708 anthracnose, and dollar spot leafy vegetables, and bulbs 

Bacillus subtilis strain QST 713 
Bacterial spot, powdery mildew, rust, gray mold, leaf 

blight, scab, and more 
Vegetables 

Trichoderma virens (formerly 

Gliocladium virens) 
Pythium, Rhizoctonia, and root rots 

Potato, Cucumber, Lima 

beans, 

Bacillus pumilus QST 2808 Fungal pests such as molds, mildews, blights, and rusts Lettuce, Broccol, Radish 

Trichoderma harzianum Rifai 

strain KRL-AG2 
Fusarium, Pythium, and Rhizoctonia 

bulb crops, cucurbits, 

fruiting vegetables, herbs, 

spices, leafy vegetables, 

cole crops, legumes, root 

crops, small grains, and 

tuber crops 

 

Simultaneous use of bio and chemical fertilizer  

Even though bio-fertilizer is superior to chemical fertilizer in 

terms of sustainable agriculture, it’s immediately its complete 

replacement in place of chemical fertilizer is not possible. A 

modality of balanced path that involves combined use of 

chemical and bio-fertilizer can be evolved. It was observed 

that the application of PSB, Bacillus megatherium var. 

phosphaticum, increased the PSB population in the 

rhizosphere and P availability in the soil. It also enhanced 

sugarcane growth, its yield and quality. When used in 

conjunction with P fertilizers, PSB reduced the required P 

dosage by 25%. In addition, 50% of costly superphosphate 

could be replaced by a cheap rock phosphate, when applied in 

combination with PSB [61]. The effects of a combined 

treatment of multifunctional biofertilizer plus 50% chemical 

fertilizer on lettuce yield. From his results it is observed that 

there was a 25% increase of lettuce yield for the treatment of 

½ chemical fertilizer plus biofertilizer compared to that of the 

chemical fertilizer treatment, indicating that at least 50% of 

chemical fertilizer can be saved as multifunctional 

biofertilizer was used along with chemical fertilizer [62]. Again 

an employment of multifunctional biofertilizer on rhizosphere 

microbial activity and the growth of water celery in a field 

showed that the dry weight of water celery in the treatment 

with 50% organic compound fertilizer with multifunctional 

biofertilizer was increased by 34% compared to the treatment 

with 100% organic compound fertilizer [63]. 

 

Role of Government in Bio-Fertilizer Promotion  

Government of India has been implementing the scheme for 

the promotion of biofertilizers since 7th Five Year Plan. 

Under this scheme, one national centre and six regional 

centres have been established. The main functions of these 

centres include the promotion of bio-fertilizer through 

training, demonstration and supply of 10 efficient cultures for 

production of bio-fertilizers. The promotion of bio-fertilizer 

also needs extensive extension work to convince the farmers 

about the need of bio-fertilizer use for increase in 

productivity. Seminars on bio-fertilizers and micronutrients 

are regularly being organized by Government of India which 

are attended by executives of fertilizer industries, agriculture 

research and extension specialists, academicians, 

administrators, policy makers and farmers. Marketing of bio-

fertilizer is a very difficult task as they are not primary inputs 

like seed and fertilizer. Again, the farmers’ acceptance to bio-

fertilizer use has been far from satisfactory. This is the main 

reason why effective demand has not been created so far. 

Even if in few cases there is the demand of bio fertilizer but 

it’s limited to few varieties like Rhizobium, Azotobacter, and 

Phosphorus Solubilizing Micro-organism. As observed from 

still there is significant amount of unused capacity of bio 

fertilizer production. To create awareness amongst the 

farmers and to popularize the product emphasis has been 

given to the (1) Demonstration (2) Field Day, group 

discussions and (3) farmers’ visits to Agriculture Universities 

and bio-fertilizer units, literature, publicity, seminar and 

training. Besides farmers awareness there are also some other 

technical constraints of the promotion of bio fertilizer in 

India. Like: Marketing constraints, because of its short self-

life, lack of proper storage, consumer illiteracy, low 

awareness amongst consumers, inadequate guidelines to 

consumers, inadequate production/promotion effort. Secondly 
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is that Environmental constraints due to seasonal conditions, 

soil fertility, usage of high dose of chemical fertilizers, 

pesticides etc. The Government of India and the various State 

Governments have been promoting the nascent biofertilizers 

market both at the level of the user-farmer and the producer-

investor through (i) farm level extension and promotion 

programmes, (ii) financial assistance to investors in setting up 

units, (iii) subsidies on sales and (iv) direct production in 

public sector and cooperative organizations and in universities 

and research institutions. A National Biofertilizer 

Development Centre was established at Ghaziabad as a 

subordinate office of the Department of Agriculture and 

Cooperation with six regional centres. The purpose of the 

scheme covered organization of training courses for extension 

workers and field demonstrations and providing quality 

control services. Production and distribution of different 

biofertilizers were also undertaken but subsequently 

discontinued as the centres redefined their role towards R&D 

and HRD related activities [64]. 

 

General Advantages of Biopesticides  

The interest in biopesticides is based on the benefits or 

advantages associated with such products.  

1. Reduce over dependence on chemical fertilizers and 

pesticides that has created problems in agriculture [65].  

2. Farming with bio-fertilizer involves natural pesticides, 

resulting in -no reduction to nutrient value of vegetable.  

3. Nutritional quality significantly higher in the grown bio-

fertilizer produced product [66].  

4. Bio-fertilizer works as vegetative and yield growth 

promoters. 

5. It is beneficial always in terms of soil fertility, ecological 

health etc. 

6. Biopesticides are usually inherently less harmful/toxic 

and cause less environmental load or pollutions.  

7. Designed to only one specific pest or, in some cases, a 

few target pests as opposed to chemical that have a broad 

spectrum activity.  

8. Cost of developing biopesticides is significantly lower 

than those of synthetic chemical pesticides.  

9. Their nature of control is preventive not curative and 

their effects on flower is less. 

 

Disadvantages of Biopesticides  

1. Specificity is high which may require an exact 

identification of the target pest/ pathogen.  

2. Because of their slow speed of action, biopesticides are 

often unsuitable if a pest outbreak is an immediate and 

becomes a threat to crops. 

3. Biopesticides are not suited for a standalone treatment 

rather they have to be with a compatible method for high 

efficacy.  

4. Living organisms evolve and increase their resistance to 

biological, chemical, physical and any other form of 

control [67].  

 

Conclusion  

There is no doubt that bio-fertilizers are the potential tools for 

sustainable Vegetable production not only in India but also 

globally. Despite the many challenges facing the adoption of 

biopesticides, they still remain suitable alternatives to 

conventional pesticides. Training on production and quality 

control to manufacturers, organizational training to extension 

workers and farmers to popularize biopesticides would be 

essential for better adoption of biopesticides. 

Reference  

1. Anonymous, Department of Horticulture, Haryana. 

http://hortharyana.gov.in/en, 2018. 

2. Sachdeva S, Sachdeva TR, Sachdeva R. Increasing fruit 

and vegetable consumption: challenges and opportunities. 

Indian Journal Community Medicine. 2013; 38(4):192-

197. 

3. International Agency for Research on Cancer. IARC 

Hand book of Cancer Prevention, fruit and vegetables 

Lyon press, 2003, 8.  

4. Metcalf RL. Benefit/risk considerations in the use of 

pesticides. Agriculture and Human Values. 1987; 4:15-

25. 

5. Woodruff TJ, Kyle AD, Bois FY. Evaluating health risks 

from occupational exposure to pesticides and the 

regulatory response. Environmental Health Perspectives. 

1994; 102:1088-1096. 

6. Koh D, Jeyaratnam J. Pesticides hazards in developing 

countries. Science of the Total Environment. 1996; 

188:S78-S85. 

7. Van der Werf HMG. Assessing the impact of pesticides 

on the environment. Agriculture Ecosystems & 

Environment. 1996; 60:81-96. 

8. Pimentel D. Environmental and economic costs of the 

application of pesticides primarily in the United States. 

Environment, Development and Sustainability. 2005; 

7:229-252. 

9. Damalas CA. Understanding benefits and risks of 

pesticide use. Scientific Research and Essays. 2009; 

4:945-949.  

10. Carvalho FP. Pesticides, environment, and food safety. 

Food Energy Security. 2017; 6:48-60. 

11. Salma M, Jogen CK. A review on the use of biopesticides 

in insect pest management. International Journal of 

Science and Advanced Technology. 2011; 1:169-178. 

12. Pelaez V, Mizukawa G. Diversification strategies in the 

pesticide industry: From seeds to biopesticides. Ciencia 

Rural. 2017; 47(2):1-7 

13. Baesso MM, Teixeira MM, Ruas RAA, Baesso RCE. 

Pesticide application technologies. Rev. Ceres. 2014; 

61:780-785. 

14. EPA. Biopesticides. Available online, 2017. 

www.epa.gov/pesticides/biopesticides.  

15. Kumar S, Singh A. Biopesticides: Present status and the 

future prospects. Journal Fertilizer & Pesticide. 2015; 

6:e129. 

16. Marrone PG. The market and potential for biopesticides. 

In Biopesticides: State of the Art and Future 

Opportunities; Gross, A.D., Coats, J.R., Duke, S.O., 

Seiber, J.N., Eds.; American Chemical Society: 

Washington, DC, USA, 2014, 245-258.  

17. Olson S. An analysis of the bio pesticide market now and 

where is going. Outlooks Pest Management. 2015; 

26:203-206. 

18. Salma M, Jogen CK. A review on the use of biopesticides 

in insect pest management. International Journal of 

Science and Advanced Technology. 2011; 1:169-178. 

19. Organization for Economic Cooperation and 

Development (OECD). Series on pesticides no.448. 

Report on workshop on the regulation of biopesticides: 

Registration and Communication Issues: www.oecd.org. 

2009 

20. Gupta S, Dikshit AK. Biopesticides: An ecofriendly 

approach for pest control. Journal of Biopesticides. 2010; 

3(1):186-188. 



 

~ 1762 ~ 

Journal of Pharmacognosy and Phytochemistry 
21. Ali SS, Ahmad SS, Ahmed S, Rizwana H, Siddiqui S, Ali 

SS et al. Effect of Biopesticides Against Sucking Insect 

Pests of Brinjal Crop Under Field Conditions Journal of 

Basic & Applied Sciences. 2016; 12:41-49 

22. Singh AK, Kumar M. Efficacy and economics of Neem 

based products against cotton Jassid, Amrasca Biguttulla 

Ishida in okra. Crop Res (Hisar). 2003; 26(2):271-274.  

23. Haq A. Efficacy of different Neem products against 

sucking complex on okra Abelmoschus esculentus (L.). 

M.Sc. Thesis (Entomology) submitted to Sindh 

Agriculture University Tandojam Pakistan, 2006. 

24. Hassan M, Ahmad F, Ali A, Ahmad M. Some studies on 

the effect of synthetic growth regulators and Neem plant 

materials against sucking insect pests of cotton. Pak 

Entomologist. 2006; 11(3):75-79.  

25. Khattak MK, Rashid M, Hussain SAS, Islam T. 

Comparative effect of Neem (Azadirachta indica) oil, 

Neem seed water extract and Baythroid against whitefly, 

Jassids and Thrips on cotton. Pak Ento mol. 2006; 

28(1):31-37.  

26. Dutt U. Mealy Bug Infestation In Punjab: Bt. Cotton 

Falls Flat. Kheti Virasat Mission. Jaitu, Faridkot district 

based environmental NGO in Punjab, 2007. 

umendradutt@gmail.com. 

27. Bardin M, Fargues J, Nicot PC. Theory and Applications 

in Pest Management. Jouranl Biological Control. 2008; 

46(3):476-483. http://dx.doi.org/10.1016/j.biocontrol. 05 

December 2008.  

28. Noonari AA. Efficacy of bio-pesticides against jassid 

(Amrasca devastans Dist.) on brinjal. M.Sc. Thesis 

submitted to Sindh Agriculture University Tandojam, 

Pakistan, 2008, 62.  

29. Yadav JB, Singh RS, Tripathi RA. Evaluation of 

Biopesticides against pest complex of Okra. Annals of 

Plant Protection Sciences. 2008; 16(1):492-498. 

30. Ahmed BI, Onu I, Mudi L, Ahmed BI. Field bioefficacy 

of plant extracts for the control of post flowering insect 

pests of cowpea (Vigna unguiculata (L.) Walp.) In 

Nigeria. Plant extracts on cowpea pest management. J 

Bio-Pesticides. 2009; 2(1):37-43. 

31. Arain MI. Effect of Botanical pesticides against mealy 

bug on cotton. M.Sc. Thesis submitted to Sindh Agri. 

Uni. Tandojam, Pakistan, 2009.  

32. Rukhsana A, Mughal SM, Munir M, Sultana K, Qureshi 

R, Arshad M et al. Mycoflora associated with seeds of 

different sunflower cultivars and its management. Pak J 

Bot. 2010; 42(1):435-445. 

33. Soto A, Venzon M, Oliveira RM, Oliveira HG, Pallini A. 

Alternative control of Tetranychus evansi Baker & 

Pritchard (Acari: Tetranychidae) on tomato plants grown 

in greenhouses. Neotropical Entomology. 2010; 

39(4):638-44. 

34. Ghananand T, Prasad CS, Lok N. Effect of insecticides, 

biopesticides and botanicals on the population of natural 

enemies in brinjal ecosystem. Vegetos-An International 

Journal of Plant Research. 2011; 24(2):40-44.  

35. Abdalraheem BA, Elshafie HAF. Efficacy of 

Biopesticides for the Management of Key Pests 

damaging Tomato, Lycopersicon esculentum. Global 

Media Sudan, 2013.  

36. Islam MT, Castle SJ, Ren S. Compatibility of the insect 

pathogenic fungus Beauveria bassiana with neem against 

sweetpotato whitefly, Bemisia tabaci, on eggplant, 

Entomologia Experimentalis et Applicata. 2010; 134:28-

34. 

37. Shia WB, Feng MG. Lethal effect of Beauveria bassiana, 

Metarhizium anisopliae, and Paecilomyces fumosoroseus 

on the eggs of Tetranychus cinnabarinus (Acari: 

Tetranychidae) with a description of a mite egg bioassay 

system. Biological Control. 2004; 30:165-173. 

38. Weibin S, Mingguang F. Ovicidal activity of two fungal 

pathogens (Hyphomycetes) against Tetranychus 

cinnabarinus (Acarina: Tetranichidae). Chinese Science 

Bulletin. 2004; 49(3):263-267. 

39. Lacey LA, Liu TX, Buchman JL, Munyaneza JE, 

Goolsby JA, Horton DR. Entomopathogenic fungi 

(Hypocreales) for control of potato Psyllid, Bactericera 

cockerelli (Sulc) (Hemiptera: Triozidae) in an area 

endemic for zebra chip disease of potato, Biological 

Control. 2011; 56:271-278. 

40. Srinivasa M, Jagadeesh Babu CS, Anitha CN, Girish G. 

Laboratory evaluation of available commercial 

formulations of HaNPV against Helicoverpa armigera 

(Hub.). Journal of Biopesticides. 2008; 1:138-139. 

41. Nigam SK, Mishra G, Sharma A. Neem: A promising 

natural insecticide. Appl Bot Abstr. 1994; 14:35-46. 

42. Tomlin C. The Pesticide Manual, 11th Edition. British 

crop protection council, 49 Downing Street, Farham, 

Survey GU97PH, UK, 2007. 

43. Iqbal M, Verkerk RHJ, Furlong MJ, Ong PC, Syed AR, 

Wright DJ. Evidence for resistance to Bacillus 

thuringiensis (Bt) subsp. kurstaki HD-1, Bt subsp. 

aizawai and Abamectin in field populations of Plutella 

xylostella from Malaysia. Pesticide Science. 1996; 48:89-

97. 

44. Srinivasan R, Hsu YC. Susceptibility of major 

lepidopterans to ä-endotoxins and a formulation of 

Bacillus thuringiensis (Bt.) on vegetable brassicas in 

Taiwan. Biocontrol Science and Technology. 2008; 

18:935-939. 

45. Kumari V, Singh NP. Spodoptera litura nuclear 

polyhedrosis virus (NPV-S) as a component in integrated 

pest management (IPM) of Spodoptera litura (Fab.) on 

cabbage. Journal of Biopesticides. 2009; 2(1):84-86. 

46. Ekesi S, Adamu RS, Maniania NK. Ovicidal activity of 

entomopathogenic hyphomycetes to the legume pod 

borer, Maruca vitrata and the pod sucking bug, 

Clavigralla tomentosicollis. Crop Protection. 2002; 

21:589-595. 

47. AVRDC. AVRDC Report 1998. Asian Vegetable 

Research and Development Center, Shanhua, Tainan, 

Taiwan. 1999, vii-148. 

48. James B, Godonou I, Atcha-Ahowe C, Glitho I, Vodouhe 

S, Ahanchede A et al. Extending integrated pest 

management to indigenous vegetables. Acta 

Horticulturae, 2007; 752:89-94. 

49. AVRDC. Progress Report. Asian Vegetable Research and 

Development Center, Shanhua, Tainan, Taiwan. 1991, 

1992, 410. 

50. dos Santos JR, Marques HJG, Barros EJ, Gondim Jr R, 

Zago MGC, da Silva CCM. Effect of Metarhizium 

anisopliae (Metsch.) Sorok. And Beauveria bassiana 

(Bals.) Vuill. on adults of Oomyzus sokolowskii 

(Kurdjumov) (Hymenoptera: Eulophidae). Acta 

Scientiarum – Agronomy. 2006; 28:241-245.  

51. dos Santos JR, Marques HJG, Barros EJ, Gondim Jr R, 

Zago MGC, da Silva CCM. Interaction of Metarhizium 

anisopliae (Metsch.) Sorok. Beauveria bassiana (Bals.) 

Vuill. and the parasitoid Oomyzus sokolowskii 

(Kurdjumov) (Hymenoptera: Eulophidae) with larvae of 



 

~ 1763 ~ 

Journal of Pharmacognosy and Phytochemistry 
diamondback moth, Plutella xylostella (L.) (Lepidoptera: 

Plutellidae). Neotropical Entomology. 2006; 35:241-245. 

52. Kaur, Kaur H, Kaur K, Kaur A. Effect of different 

concentrations of Beauveria bassiana on development 

and reproductive potential of Spodoptera litura 

(Fabricius). Journal of Biopesticides. 2011; 4(2):161-168. 

53. Alam SN, Hossain MI, Rouf FMA, Jhala RC, Patel MG, 

Rath LK et al. Implementation and promotion of an IPM 

strategy for control of eggplant fruit and shoot borer in 

South Asia. AVRDC publication number 06-672. 

AVRDC– The World Vegetable Center, Shanhua, 

Taiwan. Technical Bulletin. 2006; 36:74.  

54. Alam SN, Rashid MA, Rouf FMA, Jhala RC, Patel JR, 

Satpathy S et al. Development of an integrated pest 

management strategy for eggplant fruit and shoot borer in 

South Asia, AVRDC – The World Vegetable Center, 

Shanhua, Taiwan, Technical Bulletin. 2003; 28:66. 

55. Sriram S, Savitha MJ, Ramanujam B. Trichoderma-

enriched coco-peat for the management of Phytophthora 

and Fusarium diseases of chilli and tomato in nurseries. 

Journal of Biological Control. 2010; 24(4):311-316,  

56. Tucci M, Ruocco M, Masi LD, Palma MD, Lorito M. 

The beneficial effect of Trichoderma spp. on tomato is 

modulated by the plant genotype. Molecular Plant 

Pathology. 2011; 12(4):341-354 

57. Deshwal VK. Pseudomonas aeruginosa as biological 

control agent against plant pathogenic fungus Sclerotinia 

sclerotiorum, Intern. J Plant Anim. Environ. Sci. 2012; 

2(1):14-17. 

58. Chen Y, Yan F, Chai Y, Liu H, Kolter R, Losick R et al. 

Biocontrol of tomato wilt disease by Bacillus 

subtilis isolates from natural environments depends on 

conserved genes mediating biofilm formation. Environ 

Microbiol. 2013; 15(3):848-864. 

59. Jagtap GP, Mali AK, Utpal Dey. Bioefficacy of 

fungicides, bio-control agents and botanicals against leaf 

spot of turmeric incited by Colletotrichum capsici. 

African Journal of Microbiology Research. 2013; 

7(18):1865-1873.  

60. Coa C, Park S, Brain B. McSpandden Gardener. 

Biopesticide Controls of Plant Diseases: Resources and 

Products for Organic Farmers in Ohio. Department of 

Plant Pathology, 2018. Ohioline.osu.edu/factsheet/SAG-

18,  

61. Sundara B, Natarajan V, Hari K. Influence of phosphorus 

solubilizing bacteria on the change in soil available. Field 

crops research. 2002; 77(10):43-49. 

62. Young CC, Lai WA, Shen FT, Hung MH, Hung WS, 

Arun AB. Exploring the microbial potentially to augment 

soil fertility in Taiwan. In: Proceedings of the 6th ESAFS 

International Conference, held at Taiwan, 2003, 25-27. 

63. Young CC, Lai WA, Shen FT, Huang WS, Arun AB. 

Characterization of multifunctional biofertilizer from 

Taiwan and biosafety considerations. Symposium series, 

80th Anniversary of National Pingtung University of 

Science and Technology, 2004, 373-388. 

64. Majumdar K. Bio-Fertilizer use in Indian Agriculture. 

Indian Journal of Research. 2015; 4(6):377-381. 

65. Chaturvhedi S. Bio-Waste from Jatropha Utilization as 

Bio-Fertilizer, Project Report, NBRL Lacknow, 2006.  

66. Pascale SD, Barberi G. Effects of soil salinity from long-

term irrigation with saline-sodic water on yield and 

quality of winter vegetable crops. Scientia Horticulturae. 

1995; 64(3):145-157. 

67. Tijjani A, Bashir KA, Mohammed I, Muhammad A, 

Gambo A, Musa H. Biopesticides For Pests Control: A 

REVIEW Journal of Biopesticides and Agriculture. 2016; 

3(1):6-13.  


