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1./ntroduction 

Faced with increasing population and shrinking agricultural land space, India, like 

other developing nations, needs to increase its. production of food. Essential food items of 

daily users are sourced from horticultural produce. Since independence India has made a 

significant progress in bringing more land area under the cultivation of these crops. 

Exotic, high-yielding and good quality varieties have also been introduced in different 

parts oflndia. 

Despite the developments, India has not yet been able to tackle the loss of 

nutritional value of food items between harvesting and consumption. According to the 

estimates of the Indian National Commission on Agriculture, fruits and vegetable suffers 

huge loss of their nutritional value due to lack of proper infrastructure and inadequacies 

in post harvest handling, transportation, storage and marketing. Postharvest decay results 

in major losses of fruits and vegetables (Janisiewicz and Korsten, 2002). In developing 

countries, losses of fruits and vegetables during post-harvest fluctuate between 20 and 

50% (Eckert and Ogawa, 1985; Kader, 1992; Okezie, 1998). The value of this loss 

amounts to millions of rupees annually. The post-harvest losses have far-reaching effects 

in that they affect both the health of the population and the country's economy. Although 

synthetic fungicide treatment has been the main method for controlling postharvest 

diseases (Panneton eta/., 2001; Ippolito & Nigro, 2000, Eckert and Ogawa, 1988), there 

is growing international concern over the indiscriminate use of synthetic fungicides on 

crops because of the possible harmful effects on human health (Norman, 1988) and the 

emergence of pathogen resistance to fungicides (Holmes and Eckert, 1999). Thus there 

was a worldwide trend to explore new alternatives in order to reduce the use of synthetic 

fungicides (Bautista-Banos et a/., 2006). 

India is one of the leading producers of tropical and subtropical fruits in the 

world. India is the largest producer of mango and banana, 2nd largest producer of litchi, 

3'd largest producer of papaya and 41
h largest producer of orange. However, this high 

production will have significance only when it reaches consumers in good condition. 

Faulty handling practices coupled with underdeveloped and exploitive marketing systems 

results in 25-30% postharvest losses and value deterioration, leaving little quality 
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surpluses for export and processing. Primary causes of losses include physical injuries, 

shriveling, contamination with pathogenic fungi and bacteria, and pesticides and 

chemical residues. Lack of awareness, knowledge and skills of produce handlers and 

marketers, aided by high ambient temperature and non-availability of efficient cool 

chains, further aggravate post harvest losses. Moreover, in India, the logistic chain and 

marketing chains of fresh fruit are very long and complicated leading to a high degree of 

distribution hazards. Suitable types of packaging materials need to be developed to 

enable fresh produce to reach destinations in a safe and sound condition. In India, the 

cool chain system for horticultural crops remains unorganized. There is an urgent need to 

develop national level planning to develop cool chain systems that are co-factoring 

dependent, requiring an integration with infrastructural development including reliable 

and consistent electricity and water supplies as well as improved road net works. This 

paper outlines present practices followed for harvesting, packaging, transportation and 

marketing of three major fruit crops, namely mango, banana, and litchi in West Bengal, 

India and also suggests immediate steps that must be taken to reduce postharvest losses 

(Mitra, 2008. }. 

Sub-Himalayan West Bengal popularly known as North Bengal is situated in 

between the mighty Himalayas and the sacred river Ganga. North Bengal stretches to the 

east up to the border of Bangladesh and Assam and to the west up to Bihar and Nepal. It 

comprises old alluvial, terai and hill zones distributed in six districts of West Bengal viz. 

Cooch Behar, Jalpaiguri, Darjeeling, Maida, Dakshin Dinajpur and Uttar Dinajpur. 

Location of North Bengal is between 24°74' N to 27°25' N latitudes and 83°07'E to 

84°40'E longitudes. 

North Bengal is endowed with diverse natural resources. Its ecological conditions 

make possible production of tropical and subtropical fruit crops. Major horticultural crops 

of North Bengal are orange, tomato, pineapple etc. During the last two decades, there has 

been a great development in cultivation and production of horticultural products. As 

tropical and subtropical fruits are perishable due to their characteristic shapes, structure, 

high water content, appearance, physiological characteristics and growing conditions, the 

harvested crop losses are also very high. All the three plants mentioned above are 

affected by several fungi. The production of the crops depends largely upon improved 
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technologies befitting to the agro climatic and socio-economic characteristics of this 

region. Research and application of technology for storage, transport, and packaging of 

fruits after harvest are behind production growth in this region and many tropical and 

subtropical fruits have not been studied and handled adequately. 

Fruits are an important part of the human diet because they supply essential 

nutrients such as vitamins and minerals and they are also considered important to human 

health and well-being because they contain other necessary compounds such as 

antioxidants. Increased consumer awareness about diet and health has resulted in a 

greater consumption of fruits. Consumers are also concerned about the safety of the fruits 

they eat, and want foods free from pesticide residues, toxins and harmful microorganisms 

(Liu et al., 2004; Bounous et al., 2009) 

Orange (Citrus reticulate) is one of the m!\ior commercial fruit that is widely 

consumed both as fresh fruits and juice. Its global demand attributed to its high vitamin 

content and high antioxidant potential (Gorinstein et al., 2001). Orange is mainly 

cultivated in sub tropical and tropical regions of the world in over I 3 7 countries and six 

continents (Ismail and Zhang, 2004 ). Orange is attacked by several plant pathogens and 

that affect its fruit quality. The citrus fruit is attacked by a number of pathogens from 

bloom to harvesting stage and subsequently by post-harvest pathogens that affect the 

production of the crop and considerably deteriorate the fruit quality. The incipient 

infection of pre-harvest pathogens subsequently also manifest in the form of post-harvest 

diseases besides the attack of other post-harvest wound pathogens viz. Penicillium 

digitatum, P. italicum, Geotrichum candidum Fusarium moniliforme and Xanthomonas 

citri etc (Naqvi, 2004). 

Tomato (Lycopersicon esculentum Mill.) is one of the most important vegetable 

worldwide, in terms of the amount of vitamins and minerals it contributes to the diet. 

Tomato is susceptible to postharvest diseases caused by various pathogenic fungi. 

Alternaria alternata is a saprophytic pathogen of tomato causing post harvest losses at 

high frequency (Akhtar et al., I 994). Fungi like Alternaria alternata and by Botrytis 

cinerea are the limiting factors for commercialization of tomato (Jones et al., 1993; 

Wang eta/., 2008). Fajola (1979) studied post-harvest fruit rot diseases of tomato were 

conducted in five states of Nigeria. During severe infections, the diseases could cause 
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25% loss at harvest and 34% loss of the remaining product in transit, storage and market 

stalls; thus giving an overall loss of about 50% of the product. Two types of rots, soft and 

dry were recognized. Rhizopus oryzae, R. stoloniftr, Fusarium equiseti, F. nivale and F. 

oxysporum were established as the soft rot pathogens; while Aspergillus aculeatus, A. 

jlavus, Cladosporium tenuissimwn, Corynespora cassiicola, Curvularia lunata, 

Penicillium expansum P. multicolor and Rhizoctonia solani were established as the dry 

rot pathogens of tomato fruits in Nigeria. The bacterium Pseudomonas syringae pv. 

tomato synonymously known as Pseudomonas tomato causes bacterial speck disease on 

tomatoes (Lycopersicon lycopersicum). 

Pineapple (Ananas comosus) is the third most important tropical fruit worldwide 

after banana and citrus. As much as seventy percent of the pineapple produced in the 

world is consumed as fresh fruit in the country of origin (Bartholomew et a/., 2003). 

Pineapple is consumed due to its pleasant taste and flavor. The fruit is also a good source 

of vitamin A, B, C, minerals (calcium, magnesium, potassium, iron etc.) and of a 

digestive enzyme (bromelin). Various diseases have been reported to be causing severe 

losses in pineapple and they have been considered as one of the constraints for low yield 

of pineapple in several areas. Wilson et al., (2005) reported that Black rot of pineapple, 

caused by Chalara paradoxa (De Seyn.) Sacc., is a postharvest disease responsible by 

high losses on fruits destined to the fresh market and to the processing industry. Pink 

disease is a bacterial infection of the pineapple fruit, characterize by the development of a 

brown color in the flesh resulting from the processing of fruits infected by Acetobacter 

aceti, Erwinia herbicola and Gluconobacter oxydan, En1•inia carotovora. 

Reducing post-harvest losses is a major challenge to the hungry and increasingly 

competitive world. Many factors contribute to post-harvest losses in fresh fruits and 

vegetable (Liangji, 1999). Extreme climatic conditions like heat and drought, mechanical 

damage, improper sanitation are major contributing factors to the losses directly or by 

inducing disease. Chemicals have been widely used to prevent the diseases. Fungicides 

and bactericides have been used in the past to prevent the transmission of disease 

(Wojciech and korsten, ~002). 

Increasing public concern and proliferation of resistance m the pathogen 

populations are the two major obstacles of using chemical fungicides (Sharma and 
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Meshram, 2006; Cutler and Cutler, 1999; Janisiewicz, 1997; Chalutz and Droby, 1998; 

Wisniewski and Wilson 1992; Wilson and Wisniewski, 1989; Caia et al., 1988; Utkehede 

and Sholberg, 1986). Many countries don't allow importation of produce that has treated 

with fungicides. There is an urgent need of alternative economical safe, effective non 

pesticides treatments for disease control in fresh horticulture crops (Patni et al., 2005). At 

present there is an all-round compulsion among the multinational companies and other 

agencies to go in for bio-rational alternative arsenal, which can be eco-friendly and 

benign to environment (Saha et al., 2005a; 2005b ). 

Over the last two decades, biological control of plant pathogens has emerged 

as a viable disease control strategy (Elad & Stewart 2004; Harman 2000). Biological 

control of plant diseases involves the use of one nonpathogenic organism to control or 

eliminate a pathogenic organism. Hence, biological control has attracted a great interest 

in plant pathology (Goto, 1990) and it becomes important to develop cheaper 

management practices to control disease and obtain higher yield.Biological control has 

been explored as one of the possibilities to control post harvest diseases too. Biological 

control of post harvest diseases using antagonists has been extensively studied. Several 

authors have reported antagonistic activity of microorganisms in different crops (Droby 

et al., 1992; Prasad et al., 1999; Meena et al., 2000; Dwivedi and Johri, 2003; Jadeja, 

2003; Kohli and Diwan, 2003; Vestberg et al., 2004; Brewer and Larkin, 2005; Sudha et 

al., 2005; Singh and Sinha, 2005). 

Several plant extracts have been reported to possess substances that ll!"e toxic to 

microbial pathogen. Plants with medicinal properties have also been reported to possess 

antifungal properties (Raghab, 2003; Bowers and Locke, 2000). Botanical fungicides 

broadly comprise of secondary metabolites from microbes and higher plants. Based on 

their mode of action secondary metabolites of higher plants are classified as 

photochemical with antifungal action. There are evidences of applying phytochemicals in 

various plants to check different fungal diseases (Rana et al., 1999, Natarajan et al., 2001, 

Hu et al., 1999). Out of more than 2 lakh higher plant species that exist on earth only 

relatively few have been thoroughly studied for their therapeutic potential (Deans and 

Svoboda, 1990). Currently plant products are targeted, as they comprises a rich store 

house of biochemical's that could be tapped as for use as pesticides. About 10,000 
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secondary metabolites of about more than 4 lakh plant chemicals known have role in 

controlling plant pathogens. Numerous defensive chemicals, such as terpenoids, 

alkaloids, phenols, tannins are very effective in the control of phytopathogenic fungi and 

bacteria. Even though many antifungal and antibacterial compounds are reported in 

literature, plant products have not been used to any significant extent in the development 

of antimicrobial fungicides (Narashimhan and Masilamani, 2002). Natural plant extracts 

may provide an environmentally safer, cheaper and more acceptable disease control 

approach (Dixit et al., 1995). 

The study aims to assist the local and export market of North Bengal for the 

benefits of grower as well as to increase consumer satisfaction. The study investigates 

the ways in which the use of conventional fungicides can be reduced as a post harvest 

treatment of these fruits and can be replaced with the safe compounds of low or no 

residual effect. In this study we investigated the use of botanicals and antagonists to 

control the post harvest diseases. 

The basic objectives of the present study are: 

I. Screening of post harvest disease causing organisms of tomato, pineapple and 

orange. 

2. Isolation and purification of the disease causing organisms. 

3. Physiological characterization of selected pathogenic organisms. 

4. Elucidation of the chemical structure of the bioactive antifungal component. 

5. Control of the organisms by antagonistic microorganisms and bioformulation. 

6. Screening, identification and formulation of botanicals for control of the 

pathogens and bioformulation. 

7. Use of bioformulations for control of the post harvest diseases of tomato, 

pineapple and orange. 
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Fig: 1. Map showing present study area in India 



Fig: 2. Highlighted areas of the map showing present study areas in 
North Bengal. 
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2. Literature Review 
A main factor limiting the commercial value of horticultural produces is their 

susceptibility to post harvest pathogens. Orange, Tomato and pineapple are no exception. 

A number of diseases caused by several pathogens have been reported to occur in the said 

plant products i.e. , fruitsand vegetables. To control post harvest diseases of plants 

effectively, it is necessary to understand the different pathogens present in the fruits. 

Recent advances in plant pathology have paved the way for the development on 

innovative techniques to manage post harvest diseases. Biological control and use of 

botanicals for control of diseases have also gained importance due to the recent global 

awareness on negative effect of chemical fungicides and considerable research activity on 

this area. At the onset of present study, it was considered to review the works of the 

previous workers in the fo llowing paragraphs. For the convenience, the observation has 

been divided into several subgroups, which are as follows: 

• Post harvest disease of fruits and vegetab les. 

• Post harvest disease of orange. 

• Post harvest disease of tomato. 

• Post harvest disease of pineapple. 

• Post harvest disease control by chemical fungicides. 

• Post harvest disease control by botanicals. 

• Post harvest disease control by microbial antagonist. 

Post harvest disease of fruits and vegetables: 

Mainly fungi and bacteria are responsible for the decaying of fruits and 

vegetables. Decay of fruits and vegetable can be traced to infection at the time of 

flowering and maturity, harvesting, subsequent handling and storage. 

Shikanga et al. (2009) reported that Penicillium digitatum is a commercially 

important postharvest pathogen of citrus that is responsible for significant annual global 

losses. Strains of the fungus, which exhibit strong resistance to widely used synthetic 

fungicides, are of major concern to the industry. The aim of the study was to investigate 

the antifungal activities of polar extracts and compounds from Lippia species, indigenous 

to South Africa, against a Guazatine®-resistant strain of P. digitatum. 
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Sangeetha and Rawal (2008) reported that Anthracnose caused by Colletotrichum 

gloeosporioides is one of the most important diseases of mango. The nutritional studies 

were taken up to know the best source of carbon and nitrogen required for the growth and 

sporulation of the fungus. The study indicated that out of six different carbon sources 

tried, mannitol was found to be the best source of carbon for the growth followed by 

fructose and sucrose. Heavy sporulation was observed where maltose was used as carbon 

source followed by moderate sporulation in fructose and lactose. Among the different 

nitrogen sources tested, ammonium nitrate supported good growth and sporulation. 

Potassium nitrate and sodium nitrate also showed good growth but with moderate 

sporulation. 

Rahman et a!. (2008) a total of seven fungi were identified from the surface of 

fully matured papaya fruits cv. 'Sekaki' collected from two different fields namely 

University Agriculture Park, UPM and MARDI, Selangor and a fruit exporter [Seng 

Chew Hup Kee (M) Sdn Bhd, Kajang, Selangor, Malaysia]. They were identified as 

Botryodiplodia theobromae, Colletotrichum capsici, C. gloeosporioides, Fusarium sp., 

Phomopsis sp., Rhizopus stolonifor and Stemphylium sp. Among the diseases, the highest 

incidence ranged from 90 to 98% and severity of 25 to 38% were recorded for 

anthracnose caused by C. gloeosporioides for all three sources, followed by stem-end-rot 

caused by Botryodiplodia theobromae. Pathogenicity test showed that both wounded and 

unwounded fruits inoculated with conidial suspension of C. gloeosporioides developed 

distinct symptoms of anthracnose after three and five days of inoculation, respectively. 

Xiao and Boa! (2008) reported that apples (Malus domestica) may be kept in cold 

storage for up to 12 months prior to packing, after harvest. Gray mold caused by Botrytis 

cinerea and blue mold caused by Penicillium expansum are common postharvest fruit rot 

diseases affecting apples. 

Xiao and Rogers (2004) reported that during March to July 2003, a postharvest 

fruit rot was observed on 'Golden Delicious', 'Granny Smith', and 'Red Delicious' 

apples (Malus domestica) sampled from commercial packing houses in Washington 

State. The disease started at the stem bowl area or the calyx end of the fruit. Decayed 

fruit was apparently not wounded. Decayed areas were brown and firm. Internal decayed 

flesh appeared yellowish brown. Pycnidia of a fungus formed on the stem, sepals, or the 
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surface of decayed fruit. Pycnidia were 0.3 to 0. 7 mm in diameter, black, and partially 

immersed in decayed tissues. The fungus was identified as Sphaeropsis pyriputrescens. 

Deka et al. (2006) reported that the post harvest loss of banana is highest 

(22.00%) among all the fruits in the state of Assam. Claudia et al. (2004) reported that 

the fungus Colletotrichum musae can cause both crown rot and anthracnose. In addition, 

crown rot diseases may also be caused by Fusarium, Acremonium, Verticillium, and 

Curvularia. The two primary postharvest rots of banana fruits are crown rot and 

anthracnose. The diseases usually appear on ripening fruits either at the point of sale or 

later after purchase. Lasiodiplodia theobromae, Thielaviopsis paradoxa, Colletrotrichum 

musae, C. gloeosporioides, Fusarium verticillioides and F. oxysporum are few pathogens 

caused postharvest diseases in Banana. 

Ramma et al. (1999) identified that crown rot disease was the major post-harvest 

disease on ripening bananas in Mauritius followed by anthracnose and blossom end rot. 

Crown rot was found to be due to a complex of fungal pathogens, namely Fusarium sp., 

Colletotrichum sp., Verticilium sp and Cladosporium sp. It was found to develop rapidly 

during fruit ripening thereby reducing the quality and marketability of fruits. 

Liu (1986) reported that Anthracnose (Colletotrichum sp.) is one of the main 

disease causing decay and commercial devaluation of harvested mangoes. He suggested 

that pathogenic fungi such as anthracnose on mango fruit are latent and a main cause of 

serious decay. 

Al-Rahamah et al . . (2003) studied the post harvest diseases .of apple, orange and 

.Jemon fruits collected from markets of Riyadh. They recorded following pathogenic 

organisms: Alternaria alternata, Aureobasidium pullulans, Diplodina sp. and Fusarium 

tricinctum from apple fruits; A. alternata, Geotrichum candidum and Penicillium sp from 

orange fruits; A. alternata, A. citri and G. candidum from lemon fruits. The efficacy of 

some fungicides and chemicals was tested against the post harvest diseases caused by 

these pathogens. AI the tested fungicides and chemicals were less effective against the 

diseases caused by the two species of A. alternata and G. candidum. 

Snowdon (1992) demonstrated that post harvest rots of watermelon caused by 

Fusarium sp. and Phytophthora capsici are of concern because control measures for these 

fungi in the field are inadequate. It was also reported that good disease control in the field 
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rarely allow Colletotrichum orbiculare and Didymella bryoniae to cause anthracnose and 

black rot respectively on watermelon. 

Suslow (1999) reported that in production areas with high RH and temperature, an 

extensive list of lesions, stem-end or blossom-end rots, and surface lesions may be 

caused by Erwinia or an assortment of fungi (Snowdon, 1992). 

Rushing et al. (1999) demonstrated that watermelon fruit blotch (Acidovorax 

avenae subsp. citrulli) was a postharvest problem for several years, but research 

demonstrated the disease is , not easily transmitted from fruit to fruit after harvest. 

Appropriate grading and temperature management can virtually eliminate its presence in 

the marketing chain. 

Seemuller (1998) reported about two of the most important pathogens 

Phytophthorafragariae var. fragariae and Phytophthora cactorum, which are the cause 

of red core and crown rot disease of strawberry, can cause substantial economical damage 

in strawberry production. 

Schwartz and Mohan (1995) obseved that in storage conditions, a number of 

fungi, including Fusarium spp., Botrytis spp., and Aspergillus niger, were present on 

.diseased onion bulbs. Some opportunistic bacteria were associated as endophytic 

microflora with naturally infected onion bulbs from farms and packing sheds. The 

microflora includes Pseudomonas aeruginosa, Serratia marcescens, Bacillus cereus, 

Erwinia sp., Klebsiella sp., Enterobacter sp. and Escherichia spp. 

Jones and Aldwinckle (1990) reported that blue mold and gray mold, caused by 

Penicillium expansum Link and Botrytis cinerea Pers., respectively, are the most 

damaging postharvest diseases on apples. 

Morton (1987) reported that the main post-harvest problem of lychee is spoilage 

by the yeast-like organism, which is quick to attack warm, moist fruits. 

Alvarez and Nishijima (1987) reported that the major postharvest diseases of 

pappya are anthracnose and stem end rot. Postharvest diseases, especially anthracnose, 

become a problem when fruit have 25% or more skin yellowing. 

Papaya diseases greatly increase in severity and incidence following 4 weeks 

storage at I 0 oc (50 °F). Mechanical injury and chilling injury can enhance development 

of postharvest disease incidence. Rhizopus requires breaks in the cuticle for the disease to 
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occur. Cuticle disruption occurs as latex vessels break down, when the fruit is 40 to 60% 

yellow. Fruit fly punctures can also increase Rhizopus rot, as can mechanical injuries and 

lesions caused by fungi such as anthracnose and Cercospora black spot (Nishijima et al., 

1990). 

Mayberry and Hartz ( 1992) reported that development of fungal rots is key factors 

in postharvest deterioration of melons. In Melon, postharvest decay mainly occurs from 

development of the fungal pathogens Fusarium spp., Geotrichum spp., Rhizopus spp., 

Cladosporium spp., Alternaria spp. and the bacterial pathogen Pseudomonas spp. They 

also been estimated that the average disease loss after transport to distant markets on the 

east coast was 30-50% and was even reached 80% in extreme cases. 

Heavy postharvest losses may occur due to cultivar susceptibility to disease, 

rough handling after harvest, inadequate packaging and temperature management and 

long transport times. 

Romano et al. (1983) reported that Apple is one of the most important fruits 

produced. Postharvest losses caused by fungal diseases are the major factors limiting the 

storage life of apples. Postharvest fungal diseases of apples are mainly caused by 

Penicillium expansum. 

Salunkhe and Desai (1984) observed that Gray Mold (Botrytis cinerea) rot, Green 

Mold (Penicillium digitatum) rot and Cladosporium spp. are the main postharvest 

diseases of pomegranate fruit. Gray Mold usually starts at the calyx. As it progresses, the 

skin becomes light-brown, tough and leathery. Heart rot is another disorder that may be 

caused by Aspergillus spp. and Alternaria spp. Affected fruit show slightly abnormal skin 

color and a mass of blackened arils; disease develops while fruit are on the tree. 

Post harvest diseases of Orange 

Citrus is one of the major commercial fruit that is widely consumed both as fresh 

fruits and juice. Its global demand attributed to its high vitamin content and high 

antioxdident potential (Gorinstein et al., 2001). Citrus is mainly cultivated in sub tropical 

and tropical regions of the world in over 13 7 countries and six continents (Ismail and 

Zhang, 2004). 

Orange (Citrus reticulata) is attacked by several plant pathogens and that affect 

its fruit quality. In developing countries, where protection and proper handling is 
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inadequate, loss during transit and storage can represent in excess of 50% of the 

harvested crops (Eckert and Ogawa, 1985; Wisniewski and Wilson, 1992). Major post 

harvest losses have been recorded with a range of pathogen. 

Blue mold caused by Penecillium italicum is one of the most destructive 

postharvest diseases of citrus fruits (Caccioni, 1998; Palou 2002). 

Smilanick et al. (2008) reported that green mould (P. digit alum) and blue mould 

(P. italicum) account for most of the decay of citrus fruit worldwide. Preharvest 

infections include Diplodia natalensis, Phomopsis citri, Colletotrichum gloeosporioides, 

Phytophthora species and Alternaria citri and post-harvest infections include Penicillium 

digitatum, P. italicum and Geotrichum citriaurantii. 

El-Ghaouth et a!. (2002) reported that post harvest diseases are mainly caused by 

fungal pathogens such as Phytopthora spp, Colletotrichum gloeosporidies, Botrytis 

cinerea, Diplodia natalensis, Phomopsis citri, Alternaria citri. 

Brown and Eckert (2000) reported that Sour rot, caused by Geotrichum citri

aurantii, is second in importance only to Penicillium decays as a wound-mediated disease 

of citrus. They reported that in most citrus growing areas the diseases occur on all 

cultivars. It is particularly troublesome on fruit held in long-term cold storage. Sour rot is 

one of the most serious disease problems for the lemon industry of California due to the 

long storage of this fruit (Eckert and Brown, 1986). The fungus only infects fruit through 

injuries and in particular deep injuries that involve the albedo tissue. Sour rot develops 

more frequently on mature to over-mature fruit with high peel moisture. The initial 

symptoms were water soaked lesions, light to dark yellow and slightly rose, with the 

cuticle being more easily removed from the epidermis than lesions caused by green or 

blue mould. Decayed fruit tissue had a sour odor that attracted fruit flies and those could 

spread the fungus to other injured fruit during storage. The fungus was present in soil and 

could reach the fruit surface from wind blown or splash dispersed soil and by fruit-soil 

contact. Contaminated fruit coulds spread the pathogen through drenching equipment, 

soak tanks, pallet bins, washer brushes, belts and conveyors. Uninfected fruits within the 

container were affected by the infected fruits and spreaded the disease. The disease 

developed rapidly at warm temperatures, with an optimum of about 27°C. 

\ 
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The major post-harvest diseases in orange could be separated into two categories 

based on their initial infections. Preharvest infections include Diplodia natalensis, 

Phomopsis citri, Colletotrichum gloeosporioides, Phytophthora species and Alternaria 

citri and post-harvest infections include Penicillium digitatum, P. ilalicum and 

Geotrichum citriaurantii (Brown and Miller, 1999). 

Droby et a!. ( 1989) reported that orange was attacked by several pre/post harvest 

pathogens that effect fruit quality. Green and blue mold infections caused by Penicillium 

spp, anthracnose caused by Colletrichum gloeosporidies and sour rot caused by 

Geotrichum candidum (Chalutz and Wilson ,1990) are some of the major postharvest 

problems that causes market looses. 

Timmer et al. (2000) reported that Brown rot, caused by Phytophthora palmivora, 

P. citrophthora, P. nicotianae, P. hibernalis and/or P. syringae, occurs in several citrus

growing regions. In Florida, brown rot was caused by P. palmivora and P. nicotianae. In 

addition to causing preharvest fru it losses, brown rot can also result in substantial post

harvest losses. Phytophthora species persist in the soil and are spread through rain 

splashes to fruit hanging on the lower canopy of the trees thereby infecting the fruit. Most 

infections develop on the tree within 3 to 4 feet of the soil surface although they might be 

found in higher locations as a result of wind-driven rains. Initia l infection shows as light 

discoloration on any area of the fruit surface. As the decay developed, the lesions became 

light brown, firm and leathery. Under humid conditions, decayed areas spreaded rapidly 

and white mycelia might formed on infected areas. Fruit with brown rot had a 

characteristic rancid odor. Brown rot spreads in packed containers from infected to 

healthy fruit. 

Post harvest diseases of Tomato 

Tomatoes are subject to several post harvest diseases and disorders. Proper 

handling, grading, and temperature management will minimize the occurrence of these 

potentially devastating problems. 

Hadizadeh et a/. (2009) reported that tomato is susceptible to various post harvest 

diseases caused by various pathogenic fungi. Alternaria alternata is a saprophytic 

pathogen of tomato causing (Alternaria rot) post harvest losses at high frequency . 
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Pose (2009) reported that Alternaria alternata is a toxigenic fungus, 

predominantly responsible for black mould of ripe tomato fruits, a disease frequently 

causing substantial losses of tomatoes, especially those used for canning. The objective of 

this study was to determine the effect of water activity (aw, 0.904, 0.922, 0.954, 0.982) 

and temperature (6, 15, 21 and 35 °C) on germination and radial growth rate on a 

synthetic tomato medium of a cocktail inoculum of five strains of A. alternata isolated 

from tomato fruits affected by blackmould. The knowledge on the ecophysiology of the 

fungus in the substrate was necessary to elaborate future strategies to prevent its 

development and evaluate the consumer health risk. 

Dal-Bello (2008) reported that the fungal pathogen Botrytis cinerea cause severe 

rots on tomato fruits during storage and reduced shelf life. 

Howell et al. (2005) reported that Anthracnose of tomato was primarily a disease 

of ripe and over-ripe fruit. If left unchecked, the disease could cause serious losses in 

yield and marketability. Caused by several species of Colletotrichum, the disease was 

widespread and common in areas where moisture conditions promote disease 

development and also affects eggplant, pepper, and potato. C. coccodes was the most 

common pathogen of tomato fruit. 

Tomatoes can develop many postharvest diseases including Alternaria rot 

(Alternaria alternata), gray mold or Botrytis (BofiJ'fis cinerea), rhizopus or hairy rot 

(Rhizopus stolonifer), and sour rot (Geotrichum candidum). Bacterial soft rot caused 

by Erwinia spp. can be a serious problem if good harvest and packinghouse sanitation 

practices are not implemented. Wounds and stems and stem scars provide potential 

points of entry for pathogens and decay organisms, so wounded fruit should be discarded 

immediately ( Annonimous, 2003). 

Tohamy eta/. (2004) found that postharvest decay is the major limiting extension 

ofshelflife in tomato fruits (Lycopersicon esculentum Mill.). 

Alternaria alternata and Botrytis cinerea causing black and grey moulds are the 

two main fungi responsible for storage decay in Egypt (El-Essawy eta/., 2003) 

Fajola (1979) studied post-harvest fruit rot diseases of tomato in five states of 

Nigeria. During severe infections, the diseases could cause 25% loss at harvest and 34% 

loss of the remaining product in transit, storage and market stalls; thus giving an overall 
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loss of about 50% of the product. Two types of rots, soft and dry were recognised. The 

soft rot was found to account for about 85% and the dry rot about 15% of the overall 

loss. Erwinia carotovora, Rhizopus 01yzae. R. stolon(fer, Fusarium equiseti, F. 

nivale and F. oxysporwn were established as the soft rot pathogens; while Aspergillus 

aculeatus, A. jlavus, Cladosporium tenuissimum, Corynespora cassiicola, Curvularia 

lunata, Penicillium expansum P. multicolor and Rhizoctonia so/ani were established as 

the dry rot pathogens oftomato fruits in Nigeria. 

Barnett and Hunter (1998) reported that Cladosporium species and Alternaria 

alternata identified by microscopic observations were the prevalent fungi (92%). Those· 

pathogens were recovered following surface disinfection of the calyces, indicating that 

they had colonized the truss as latent disease already in the greenhouse. During storage 

(12°C), the mycelia expand gradually from the sepal tips to the calyces and then to the 

peduncles and, finally, to the rachises, all of which eventually shrivel or dehydrate while 

uninfected trusses remain fresh and green. The severity of the PHECD syndrome 

increased during the warm seasons and declined in the winter. Cladosporium isolates 

from overtly infected calyces were identified as C. sphaerospermum (Penzig) and C. 

tenuissimum (Cooke) by the CBS Identification Service, Netherlands. 

Srivastava and Tandon ( 1966) reported that a systematic account of nine fungal 

diseases of tomatoes caused by Alternaria tenuis, Colletotrichum dematium, 

Cladosporium fulvum, Fusarium roseum, Malustela aeria, Myrothecium roridum, 

Oospora lactis j parasitica, Phoma sp. And Rhizopus nigricans during storage has been 

given. All the diseases except Oospora rot were reported as new from India and post-

harvest decay of tomatoes due to Malustela aeria was described as new report. Jones 

et a/. (1993) reported that tomato commercialization was limited by rotting caused by 

Alternaria alternata and/or by Botrytis cinerea. Alternaria alternata is a saprophytic 

pathogen of tomato causing post harvest losses at high frequency 

Oladiran and Iwu (1993) reported that seven fungi associated with fruit rot of 

tomato. The fungi were Fusarium equiseti, F. chlamydosporum, Alternaria so/ani, 

Geotrichum candidum, Acremonium recifei, Aspergillus jlavus and A. niger. They were 

all pathogenic on tomato fruits, most pathogenic being Geotrichum candidum followed 

by A. niger. Least rot was caused by Alternaria so/ani. The optimum temperature for 
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maximum rotting caused by G. candidum, A. niger and A. jlavus was 30°C. The relative 

humidity for maximum rot ranged from 70-90%. Tomato fruits stored well at 0-10°C 

and rather poorly at 20-30°C. Fruits stored at 35°C showed blemishes. The best RH for 

storage ranged between 60 and 90%. 

Howard et al. (1994) reported that symptoms were first noticeable on ripe fruit of 

tomato, although green fruits were infected. The latent infections on green fruits can 

become a serious post-harvest problem. They also reported that tiny lesions may also 

occur on leaves and stems, but are usually overlooked. Those lesions serve as initial 

source of inoculum for fruit infection. Small, circular, sunken spots appear on ripe fruit 

and are characterized by numerous submerged, black microsclerotia often in concentric 

rings. Spots can coalesce and involve large areas of the fruit. Under humid conditions, 

spots darken due to the production of hairs (setae) on the fruiting bodies of the pathogen 

and pink, gelatinous masses of conidia may ooze from lesions. Lesions may crack and 

become invaded by secondary soft-rotting organisms. 

Sommer et al. (1992) observed that Alterneria spp., Cercospora spp. 

Colletotrichum spp., Aspergillus spp.and Fusarium spp. were responsible for diseases. It 

is somewhat similar to postharvest diseases symptoms of tomato. 

Narain and Rout (1981) reported that C. tenuissimum was associated twice with 

dry rot of tomato fruit. They also first time reported that two Cladosporium species 

and A. alternata promoted the shriveling of tomato calyces and rachises. 

Post harvest diseases of Pineapple 

Post harvest disease of pineapple (Ananas comosus) is economically important in 

the production of the fresh and canned fruit. Diseases of pineapple include plant as well 

as fruit problems. Various diseases have been reported to be causing severe losses in 

pineapple and they have been considered as one of the constraints for low yield of 

pineapple in several areas. Major pineapple diseases and their causal organisms are as 

follows: 

i. Heart and root rot (Phytophthora cinnamomi) 

ii. Heart rot (P. parasitica) 

iii. Root rot (Pythium spp.) 

iv. Black rot (Ceratocystis paradoxa) 
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v. Butt rot (Thielaviopsis paradoxa) 

v1. Fruitlet core rot (Penicillium funiculosum. Fusarium moniliforme var. 

subglutinans) 

vii . Pink disease of Fruit (Acetomonas spp.) 

vi ii. Pineapple mealybug wilt (probably virus) 

•x. Bacterial diseases (Erwinia carotovora, E. chrysanthemi) 

x. Nematodes (Meloidogyne spp., Rotylenchulus reniformis) 

Wijesinghe et a/. (2008) reported that black rot, caused by Thielaviopsis 

paradoxa, is the most common and well known postharvest disease of the pineapple fruit. 

Infection takes place, usually, through wounds in the base of the fruit resulting from 

harvesting. The pathogen gains entrance also through natural growth cracks and wounds 

on the fruit surface generated during picking or packing. After penetration through the cut 

stern end the pathogen grows rapidly upwards and slowly into the flesh resulting, 

initially, in a dark yellow cone shaped soft rot. Diseased tissue turns dark in the later 

stages of the disease because of the dark mycelium and spores. 

Wilson et a/. (2005) reported that Black rot of pineapple, caused by Chalara 

paradox is a postharvest disease responsible by high losses on fruits destined to the fresh 

market and to the processing industry. 

Reyes, et al. (2004) reported that Incidence and severity of black rot (Chalara 

paradoxa) of pineapple fruit were evaluated on fruit harvested every 2 weeks for 14 

months. Rainfall did not play a major role in black rot incidence and severity. Total 

microbial counts on the fruit were correlated to rainfall in the month of harvest. 

Rohrbach and Schmitt (1994) reported that black rot, water blisters, soft rot or 

water rot is universal fresh pineapple problem characterised by watery soft rot. Black rot 

is caused by the fungus Chalara paradoxa. Fruit core rot, black spot, fruilet brown rot, 

and eye rot describe the brown to balck color of the central part of an individual fruitlet. 

Saprophytes like penicillium sp, growing on the broken end of peduncle and fruit surface 

are non pathogenic creates a problem in marketing. 

Rohrbach and Schmitt (I 994) reported black rot was caused by the fungus 

Chalara paradoxa. Infection occurs wi thin 8 to 12 h following harvest and enters through 

the point of detachment or wounds. The severi ty of the problem was repotedc to be 
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dependent on the degree of bruising or wounding during harvesting and packing, the level 

of inoculum on the fruit, and storage temperature during transportation and marketing. 

Rohrbach and Schmitt (I 994) fruitlet core rot, black spot, fruitlet brown rot and eye 

rot describe the brown to black color of the central part of an individual fruitlet. Epidemic 

levels are rare in the major commercial pineapple-producing areas of the world. Low-acid 

cultivars being grown commercially are most susceptible. This disease was caused by a 

complex of fungi. Infection frequently can lead to misshapen fruit that are culled before 

packing and shipping. 

Zhou, (1993) and Tang, (1995) reported the effect of exogenous gibberellic acid 

and chilling temperature on the cause and development of blackheart in pineapple and 

demonstrated that blackheart was mainly due to the catalysed oxidation of phenolic 

compounds by PPO and that low temperature or gibberellic acid markedly increased PPO 

activity and catechol, chlorogenic acid, and caffeic acid to accelerate the blackheart. 

Rohrbach and Phillips (1990) reported that the symptoms of the post-harvest 

diseases of pineapple fruit may develop externally or internally. Diseases of pineapple 

fruit can be classified as: 1) pre-flower infections by Penicillium foniculosum that begin 

at the floret before the flower opens and cause interfruitlet corking, leathery pocket, and 

fruitlet core rot, 2) flower infections beginning after the flower opens and caused by 

bacterial complexes including pink and marbling disease, 3) wound infections caused 

most frequently by Ceratocystis paradoxa that begin in wounds caused by harvesting, 

and 4) physiological disorders the most common of which is internal browning or black 

heart caused by chilling injury. Currently, Ceratocystis fruit rot is controlled by fungicide 

applications and internal browning by post-harvest wax dips. 

Rohrbach and Phillips (1989) reported that postharvest pineapple diseases which 

develop externally or internally are classified as preflower infections by Penicillium 

fimiculosum that begin at the floret before the flower opens and cause interfruitlet 

corking, leathery pocket and fruitlet core rot. Flower infections beginning after the flower 

opens and caused by bacterial complexes including pink and marbling disease. Wound 

infections caused most frequently by Ceratocystis paradoxa that begin in wounds caused 

by harvesting and physiological disorders. The most common is internal browning or 
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black heart caused by chilling injury. Ceratocystis fruit rot is controlled by fungicide 

applications and internal browning by postharvest wax dips. 

Py eta/., (1984) reported that Black rot, caused by Thielaviopsis paradoxa, is the 

most common and well known postharvest disease of the pineapple fruit. Infection takes 

place, usually, through wounds in the base of the fruit resulted from harvesting. The 

pathogen gains entrance also through natural growth cracks and wounds on the fruit 

surface generated during picking or packing. After penetration through the cut stem end 

the pathogen grows rapidly upwards and slowly into the flesh resulting, initially, in a dark 

yellow cone shaped soft rot. As the disease develops, the flesh becomes watery and the 

juice exudes, resulting in an empty shell showing only dark fibers inside. The 

development of black rot in pineapple fruits is very fast at 25°C and very slow at 8°C. 

Due to that, severe rot problems may occur when untreated fruits are removed from 

refrigerated conditions and held at room temperature in retail market. 

Mourichon (1983) reported that Leathery pocket is a pineapple disease 

characterized by the suberization of the surface of the locules of the ovary due to the 

infection by Penicillium funiculosum. 

Rohrbach (1983) repoterd that black rot (Thielaviopsis fruit rot), water blister, 

soft rot or water rot are universal fresh pineapple problem. Diseased tissue turns dark in 

the later stages of the disease because of the dark mycelium and spores. 

Rohrbach et a!. (1981) reported that the pineapple fruit mite (Steneotarsonemus 

ananas Tyron), has been reported to be associated with fruitlet core rot and it seems to 

enhance the pathogenesis of the fungi that cause the disease. The incidence of fruitlet 

core rot is influenced by the rainfall that is important for inoculum build up and by the 

mean daily temperature, that ranging between 16 to 20° C favors mite population and 

infection by P. funiculosum. The pathogen enters the developing inflorescence through 

unopened buds. It may also enter through the stylar canals and nectary ducts as well as 

through insect injuries and natural growth cracks. 

Post harvest control by chemical fungicides: 

Fungicides are the primary means of controlling post harvest diseases. The current 

methods for managing stored grain pests depend heavily on chemical pesticides. 

However, repeated use of certain chemical fungicides in packing houses has led to the 
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appearance of fungicide resistant populations of storage pathogens. Further, the use of 

synthetic chemicals to control post harvest biodeterioration has been restricted due to 

their carcinogenicity, teratogenecity, high and acute residual toxicity, hormonal 

imbalance, long degradation period, environmental pollution and their adverse effects on 

food and side effects on humans (Brent and Hollomon, 1998; Dubey et at., 2007; Kumar 

et at., 2007). 

Dubey et at. (2008) reported that Synthetic fungicides are used as the primary 

means for the control of plant diseases. Sharma and Meshrarn (2006) reported that the use 

of synthetic chemicals as antimicrobials for the management of plant pathogens. The 

chemicals increased crop protection but with some deterioration of environmental quality 

and human health. 

Poppe et at. (2003) reported that traditionally, the postharvest diseases have been 

controlled by spray of synthetic fungicides such as thiabendazole, imazalil and sodium 

ortho-phenyl phenate. 

Fan (2000) reported that disease control could be achieved mainly through the use 

of fungicides. Benomyl and iprodione were available for postharvest treatment to reduce 

decay and extended the shelf-life of stone fruits. 

Sticher (1997) reported that chemically induced resistance against a wide variety 

of pathogens attack have been described for many plant species against a wide variety of 

pathogens ranging from oomycetes, fungi, bacteria and viruses. 

Okonkwo and Okoye (1996) found that the use of synthetic fumigants is also 

another way to control post harvest disease. But it also led to increased cost of 

application, pestresistance, lethal effects on non target organisms and toxicity to user. 

Wilson and Wisniewski (1994) reported that post harvest disease often account 

for a major part of the loos and their control requires use of a large amount of fungicides. 

Jeffiies and Jeger (1990) reported that losses due to postharvest diseases of fruits 

and vegetables could reach proportions of 10-30% according to the species and kind of 

technology used. That had a considerable economic impact world-wide, of particular 

concern in third world countries. Fungi (Penicillium digitatum, Penicillium italicum and 

Botrytis cinerea) which attack the fruits through wounds or latent preharvest infections 

generally cause disease. Synthetic chemical compounds are usually employed in the 
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prevention of alterations but their use has determined the selection of resistant pathogen 

strains, and thus a reduction in their efficacy. 

Lindsay (1985) reported that Bicarbonates at concentrations under 2% are widely 

used by the food industry to avoid fermentation, to control pH, and to develop 

satisfactory textures and flavors. At the same time, they are effective against food 

bacterial and yeast infections and are important in controlling buccal pathogens. 

Homma et a!. (1981) reported that Sodium, potassium, and ammonium 

bicarbonate made it possible to control some fungal infections of the cucumber during 

preharvest. Similar treatments with sodium and potassium bicarbonate showed adequate 

control of Rhizoctonia carotae Rader in carrots during post-harvest and controlled post

harvest rotting of citrus fruits, melon (Aharoni et a!., 1997) and pepper (Fallik, et a!., 

1997). 

Postharvest disease control by microbial antagonist 

Plant diseases occur on a regular basis in plants and cause rigorous economic loss. 

Application of chemical fungicides leads to destroy beneficial microbes on the crop 

milieu and thus alters the crop scenario and also causes toxicity to human and natural 

biota (Patro et a!., 2008). Biological control of plant diseases involves the use of one 

nonpathogenic organism to control or eradicate a pathogenic organism. Hence, biological 

control has attracted a great attention in plant pathology (Goto, 1990) and it becomes 

importent to develop cheaper management practices to control the post harvest disease. 

To extend biological control strategies for controlling any disease, a thorough knowledge 

of life cycle of the pathogen(s), their mode of survival, the plant-pathogen interaction 

processes, the physical relationship of the pathogen to its host during pathogenesis, the 

time of infection, factors leading to infection and disease development are needed. 

Several authors have reported antagonistic activity of microorganisms in different crops 

(Droby eta!., 1992; Prasad eta!., 1999; Meena eta!., 2000; Dwivedi and Johri, 2003; 

Jadeja 2003; Kohli and Diwan, 2003; Vestberg et a!., 2004; Brewer and Larkin 2005; 

Sudha et a!., 2005; Singh and Sinha, 2005). There are certain advantages in the 

deployment of botanical pesticides. These are biodegradable, safe to non-target 

organisms, renewable and suit to sustainability of local ecology and environment. Several 

authors have demonstrated the use of botanicals to control the plant diseases. 



22 

Kotan et a/. (2009) reported that antagonistic activity of 24 selected bacterial 

strains detected by microbiological studies to Aspergillus jlavus and was tested in 

vitro and in vivo conditions. Both cell suspension and culture filtrates of prominent I 0 

bacterial strains were also tested in order to control A. jlavus on lemon fruits cvs Meyer 

and Interdonato under storage conditions. The ce ll suspension of nine strains and the 

culture fi ltrates of three strains led to suppression on disease development on lemon 

fruits. The highest contro l was obtained by the cell suspension of Pantoea 

agglomerans RK.-1 53. Erwinia chrysanthemi RK-67 and Bacillus subtilis RK.-6 

treatments reduced di sease severity on both lemon cultivars. Furthermore, both the cell 

suspension and culture filtrates of Burkholderia cepacia strain RK-277 reduced disease 

severity on onJy cvs Interdonato, but not on Meyer. 

Marikar et a/. (2008) reported that Trichoderma harzianum-TrH40 isolated from 

soil samples from rambutan (Nephelium lappaceum) orchards had antagonistic effects 

with combination of CaCb salts on growth, activity, and infection of rambutan fruits by 

anthracnose (Colleotrichum gloeosporioides). Furthermore, disease incidence and 

severity with combined treatments were correlated signi ficantly and effectively reduced 

infection in vivo in rambutan fruits. 

Zhang et a/. (2007) reported that Cryptococcus /aurentii was evaluated for its 

activity in reducing postharvest gray mold decay, blue mold decay and Rhizopus decay of 

peach caused by Botrytis cinerea, Penicillium expansum and Rhizopus 

stolonifer respectively, and in reducing natural decay 

Rabosto et a/. (2006) searched for biological agents capable of controlling 

the phytopathogenic fungus Botrylis cinerea, winegrape cuticles of several Vi tis 

vinifera varieties and different soils from Uruguayan vineyards were screened for 

microorganisms that could be antagonistic to the fungus. Among 223 isolates of 

yeasts and bacteria, eight non-Saccharomyces yeast strains and four bacteria showed 

greater than 50% effectiveness in vitro against Botrytis cinerea compared with the growth 

of the control. A species of Bacillus (isolate UYBC38) and an isolate of the 

yeast Hanseniaspora uvarum (i solate UYNS 13) showed high in vitro antagonistic 

capabil ity against the pathogen; both organisms were very effective (1 00% and 90%, 

respectively) in controlling rot development on grape clusters. The possible mechanisms 
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of antagonism against B. cinerea were studied. Yeast strain UYNS 13 showed only 

competition for nutrients. Although the Bacillus sp. strain consumed significantly more 

nitrogen from grape juice than B. cinerea, the relevant mechanism of antagonism of this 

bacterium was the production of anti-fungal substances. These compounds completely 

inhibited germination of B. cinerea conidia in vitro by disrupting the conidial cell wall, 

resulting in leakage of protoplasm. Applications of UYBC38 in the vineyard showed that 

this strain could survive on leaves and fruits for 45 to 70 days after spraying. 

Nourozian et a/., (2006) reported that Bacillus subtilis, Pseudomonas jluorescens 

and Streptomyces sp. strain 3 were evaluated as potential biological agents for control of 

fusarium head blight (FHB) caused by Fusarium graminearum. 

Zheng et a/. (2005) investigated in vitro and in vivo biocontrol activity of 

Rhodotorula glutinis on green mold decay of orange caused by Penicillium digitatum. 

Significant control was achieved with a washed cell suspension and unwashed cell 

culture mix ture of R. glutinis. They also evaluated Cryptococcus laurentii for its activity 

in reducing postharvest blue mold decay of oranges caused by Penicillium italicum in 

vitro and in vivo. They showed that washed cell suspensions of yeast provided control of 

blue mold decay better than yeast in culture broth. 

Nunes et a/. (200 1) Epiphytic microorgan isms isolated from the fruits and leaf 

surfaces of apples and pears were screened fo r antagonistic activity against Penicillium 

expansum on pears. From 247 microorganisms tested for antagonistic properties against 

P. expansum, a bacterium stra in identi fied as Pantoea agglomerans (CPA-2) was 

selected. The bacterium was very effecti ve against Botrytis cinerea, P. expansum and 

Rhizopus stolonifer. In over 3 years of experiments in semicommercial trials, P. 

agglomerans provided excellent control against B. cinerea and P. expansum under cold 

storage, either in air or in low oxygen atmospheres. Equal control was obtained with P. 

agglomerans at 8x I 07 CFU mr1
, as with the fungic ide imazalil at commercial doses, 

against both the pathogens. P. agglomerans grew well inside wounds on pears at both 

room and cold temperatures and under modified atmospheres. In contrast, it grew poorly 

on the surface of intact fruit. 

D'souza et a!. (200 1) reported that Trichoderma harzianum has antagonistic 

effect against four fungal pathogens (viz. Phytophthora parasilica, Colletotrichum 
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capsici, Sclerotium rolfsii and Rhizoctonia so/ani) of betel vine. Jadeja (2003) observed 

that fungal antagonists like Trichoderma spp. were highly effective for inhibiting 

mycelial growth and retarding pycnidial formation of Phomopsis vexans causing disease 

in brinjal. T. koningii exhibited the maximum antagonistic activity. Bacterial antagonists, 

e.g. Bacillus spp. and Pseudomonas.jluorescens were also highly effective against the 

pathogen (Meena et al., 2000). 

Ramamoorthy and Samiyappan (200 I) suggested that Pseudomonas jlourescens 

isolates were effective bacterial antagonist for the management of fruit rot of chilli 

caused by Colletotrichum capsici. Ramamoorthy et al. (2002) characterized twenty 

isolates of fluorescent pseudomonads and evaluated their ability to control damping-off 

in tomato (Lycopersicon esculentum) and hot pepper (Capsicum annuum). Baruah and 

Kumar (2002) isolated an antibiotic and siderophore producing Pseudomonas strain from 

virgin soils (with forest trees) which displayed in vitro antibiosis against many plant 

pathoge~c fungi. 

Monte· (200 I) reported that antagonists of phytopathogenic fungi have been used 

to control plant diseases, and 90% of such applications have been carried out with 

different strains of the fungus Trichoderma spp. Most of these strains were classified as 

imperfect fungi since they have no known sexual stage. Some Trichoderma species are 

morphologically similar to the anamorph Hypocrea, and their internal transcribed spacer 

(ITS) sequences have revealed their taxonomic proximity. 

Molecular characterization and phylogenetic analysis have allowed strains of T. 

harzianum originally identified as the same species to be assigned to different species 

clustered into distinct sections and groups. No BCA corresponds to biotypes of T. 

harzianum that is pathogenic to mushrooms (Hermosa eta!. 2000). 

A comparative study of chemical, biological and integrated control of wilt of 

pigeon pea caused by Fusarium udum was done by Pandey and Upadhyay (1999). In 

chemical control, bavistin was found highly effective, while Trichoderma viride and T. 

harzianum-C isolates were found best among biocontrol agents. Integration of biocontrol 

agents with bavistin was not beneficial. However, integration of the bioagents with 

thiram reduced wilt incidence significantly. Thus, seed coating with bioagents proved 

better and safe for the management of wilt of pigeon pea. ,• 
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Vinas et a/. (1998) registered the yeast, Candida oleophilia for control of 

postharvest decay on fruit crops. The yeasts, Cryptococcus infirmo-minutus and Candida 

sake successfully controlled brown rot and blue mold on sweet cherry and three diseases 

of apple, respectively. 

Swalding and Jeffries (1998) several bacterial microorganisms are being 

developed for postharvest disease control. For example, strains of Bacillus pumilus and 

Pseudomonas jluorescens have been identified that exhibit successful control of B. 

cinerea in fi eld trials of strawberry. 

Panday et a!. ( 1997) reported that a large number of bacteria and fungi were 

isolated from the rhi zosphere of established tea bushes over a period of one year. 

Fiftyone of these bacterial isolates were tested for their antifungal activity against 12 test 

fungi, which include 9 minor and 3 major pathogens of tea. The bacterial isolates 

exhibiting the highest antifungal activity were also the most dominant bacterial species in 

the rhizosphere. 

Chet et a!. (1997) several phytopathogenic fungi, such as Phythium, 

Phytophthora, Botrytis, Rhizoctonia and Fusarium, not only attak growing crops but also 

attack stored fruits . Chemical compounds have been used to control plant diseases 

(chemical control), but abuse m their employment has favo red the development of 

pathogens resistant to fungicides. 

Postmaster et a/. ( 1997) reported that biocontrol using antagorustic bacteria has 

been successful in a number of plant species. For example, bacterial isolates from the 

surface of banana fruits exhibited an antagonistic abi li ty to suppress anthracnose disease 

caused by C. musae. Other antagonistic bacteria such as Pseudomonas jluorescens, B. 

subtilis and B. megatherium were shown to control agents of the major cotton diseases, 

Xanthomonas campestris pv. ma/vacearum, Rhizoctonia solani, Fusarium vasinfectum 

and Verticillium dahliae. Three bacterial strains B. subtilis, B. cereus and Pseudomonas 

corrugata were shown to control, Gaeumannomyces graminis var tritici which causes 

take-all disease, and rhizoctonia root rot caused by Rhizoctonia so/ani on wheat 

seedlings. Epiphyti c bacteria isolated from apples, pears, and the surface of apple leaves 

showed antagonistic activity against Penicillium expansum (blue-mold), while Botrytis 

cinerea (gray-mold) was an effective biocontrol agent on apple fruits. 
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Janisiewicz and Jeffers (1997) ·reported that at present, a class of products 

containing Pseudomonas syringae Van Hall, active against the genera Botrytis, 

Penicillium, Mucor and Geotrichum, are available, as well as a product containing 

Candida oleophila Montrocher, effective against Botrytis and Penicillium spp. 

Mari et al. (1996) reported that two strains of Bacillus pumilus and Bacillus 

amyloliquefaciens were recognized to be effective against Botrytis cinerea in pears. 

Korsten and De-Jager, (1995) reveled that several mechanisms have been 

postulated which might play a role in control of post-harvest diseases by B. subtilis, e.g. 

nutrient competition, competitive colonisation and production of an inhibitory substance. 

Guizzardi et al. (1995) treated fruits by dipping in fungal formulations using 

Trichodex (Trichoderma harzianum) and Trichoderma pseudokoningii to control 

Monilinia laxa in stone fruits and B. cinerea in apples. Treatments against postharvest 

fruit diseases resulted ih the reduction of disease incidence. 

Caccioni et al. (1995) reported that hexanal and benzaldehyde, produced by 

etheric stone fruit metabolism, also has a fungistatic/fungicidal activity when utilized in 

postharvest treatment against Monilinia laxa and Rhizopus stolonifer. The use of these 

substances as antimicrobial agents are interesting field of investigation as toxicity to 

manunals is quite low, and their degree of volatility allows their use for fumigation in 

cold storage or for active packaging. 

Mishra and Dubey (1994) reported that in different parts of the world, attention 

has been paid towards exploitation of plant products as novel chemotherapeutants in plant 

protection. Because of non phytotoxicity, systemicity, easy biodegradability and 

stimulatory nature of host metabolism, plant products possess the potential to be of value 

in pest management. 

Wilson and Wisniewski (1994) indicated the following characteristics of an ideal 

antagonist: genetic stability, efficacy at low concentrations and against a wide range of 

pathogens on various fruit products, simple nutritional requirements, survival in adverse 

environmental conditions, growth on cheap substrates in fermenters, lack of 

pathogenicity for the host plant and no production of metabolites potentially toxic to 

humans, resistance to the most frequently used pesticides and compatibility with other 

chemical and physical treatments. Yeast seem to possess a good number of the above-
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mentioned features and, during the last few years, research has been focused on the 

selection and study of yeast (Chalutz and Droby, 1998). 

Smilanick (1994) reported that antagonists isolated from the surface of plants 

make them more likely to succeed because of their colonization ability and environmental 

adaptation (Wilson, C.L. and Wisniewski, M.E. 1989).nmmkk 

Korsten (1993) reported that various bacteria, filamentous fungi and yeasts have 

been isolated from avocado surfaces using leaf imprint and leaf and fruit washing 

techniques. From the 106 representative fungal and 176 dominant bacterial isolates, 36 

fungi and 48 bacteria were identified to genus or species level. The most promising 

antagonist Bacillus subtilis was selected for large-scale field spray applications at 

Westfalia Estate and Omega. 

Janisiewicz and Marchi (1992) observed that a strain of Pseudomonas syringae 

van Hall was found that controlled both Blue and Gray Mold of pome fruit. It was 

subsequently registered, and is now sold commercially for postharvest disease control. 

Wisniewski and Wilson (1992) reported that a number of microorganisms 

(bacteria, yeasts and fungi), which effectively control postharvest pathogens, have been 

identified for postharvest control. 

Korsten et al. (1991) reported that Bacillus subtilis was evaluated under 

commercial packinghous.e conditions for the control of postharvest fruit diseases of 

naturally infected Hass fruit. B subtilis, applied in commercial Tag wax at various 

concentrations as well as in a water dip, significantly reduces! anthracnose, 

Dothiorella/Colletotrichum fruit rot complex and stem-end rot. The antagonist water dip 

treatment was also equally or more effective than prochloraz water dip in controlling the 

postharvest diseases. 

McLaughlin et al. (1990) reported that three yeast strains (strains US-7, 82, and 

101) have biological control activity against various postharvest fungal pathogens of 

fruits and vegetables, including Penicilliumrots of apples and citrus and Botrytis rot of 

apples. In his reports the researchers have described those strains as Debaryomyces 

hansenii (anamorph, Candidafamata) or Candida sp. strains. They performed additional 

physiological, DNA reassociation, and mannan characterization tests that clearly 

established a new taxonomic classification for those strains, Candida 



28 

guilliermondii. They also proposed amendment of the physiological test profile in the 

taxonomic description of C. guilliermondii. 

Droby et a/. (1989) reported that the use of yeasts as antagonists appears to be 

quite promising, although the mechanism was not fully elucidated. However, there are 

indications that competition for nutrients and space is involved, along with direct 

parasitism as for the US-7 strain of Pichia guilliermondii, antagonist of P. digitatum in 

grapefruit, and of B. cinerea in apples. In addition to the ability of yeast cells to grow 

very quickly (and thus to remove nutrients and space from the pathogen), they are able to 

produce hydrolytic enzymes (/3 1-3 glucanase) capable of attacking the cell wails of B. 

cinerea, and extracellular polymers that appear to have antifungal activity (Droby et. a/., 

1993). 

Wilson and Wisniewski, (1989) have described control of post-harvest fungal 

pathogens by bacteria and yeast antagonists (such as Bacillus subtilis, Pseudomonas 

cepacia, Pseudomonas syringae, Enterobacter aerogenes, Enterobacter cloacae and 

Debaryomyces hansenii) for a variety of stored vegetables and fruit including apple, 

apricot, cherry,.citrus, grape, nectarine, peach, pear, pepper, persimmon, plum, potato and 

tomato. 

Pusey (1989) reported that severai biological control agents have been developed 

in recent years, and a few have actually been registered for use on fruit crops. The first 

biological control agent developed for postharvest use was a strain of Bacillus subtilis. It 

controlled peach brown rot. 

Korsten et al. (1989) reported that in South Africa biocontrol is a new approach to 

avocado postharvest disease control. The biological approach was evaluated against 

standard chemical control measures on a pre-and postharvest level. Antagonists Bacillus 

lichineformis and B. subtilis effectively reduced stem-end rot, anthracnose and the 

Dothiorella/Colletotrichum fruit rot complex, when applied as field preharvest sprays, as 

well as packhouse postharvest dip treatments. 

Chitosan's compatibility with several antagonistic yeasts also appears to be 

appreciable, aithough its feasibility as an antifungal substance has yet to be confirmed in 

terms of its safety for human consumption and its effect on the organoleptic quaiity of 

fruits and vegetables (Wilson and Wisniewski, 1994). 
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The antagonistic effect of Aspergillus niger, A. fumigatus, A. jlavus and 

Trichoderma viride was well established as reported by several workers. Wu et al., 

(1986) and Vinod (1988) reported the antagonistic effect of A.niger. The antagonistic 

property of A. jlavus against many pathogenic microorganisms has been reported by 

Massoor and Chandra (1987) and Deb (1990) though not specific against Pythium spp. 

The hypha! coiling and production of inhibitory substances by different species of 

Trichoderma, resulting in dieback and disintegration of Pythium spp were reported by 

Raju (1991) and Vinod et al. (1991). Mukherjee and Sen (1992) observed that the culture 

filtrate of A. fumigatus inhibited the growth of Macrophomina phaseolina and sclerotia! 

germination. 

Postharvest disease control by botanicals 

Plants have, and continue to be, sources of antifungal agents (Hostettrnann et al., 

2000). Many plant species contain antifungal compounds. To develop commercial 

products, a large quantity of the species has to be cultivated, raising an additional level of 

complication. If invasive and weedy species .contain good antifungal activity they may be 

a useful source of antifungal compounds or extracts because large quantities of material 

are available. 

The traditional practice of using plant preparations to combat fungal infection has 

gained attention and currently the focus is on detection of new antifungal components 

from plants that have no negative effect on the enviromnent or on animal and human 

systems. Many higher plants produce important organic compounds, pharmaceuticals and 

pesticides. Hamburger and Hostettrnamnn ( 1991) reported that total number of plant 

chemicals may exceed 400,000 of which more than 1 0,000 are secondary metabolite 

whose major role in plant is defensive in nature. Thus plant based secondary metabolites, 

which have defensive role, may be exploited for the management of plant pathogens. 

However most species of higher plants have never been described, much less surveyed 

for chemicals or biological active constituents and new sources of commercially valuable 

pesticides remains to be discovered (Balandrin et al., 1985) 

Plants in nature synthesize numerous carbon compounds, basically for their 

physiological functions or for use as chemical weapons against pathogens, insects and 

predators (Fatope, 1995). It has been expected that 70-80% of total world population 
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largely depends on traditional herbal medicine to meet their primary health care need 

(Hamayun et al., 2006). Plants have been proved as useful source of quite a lot of 

antifungal molecules that are harmless and benevolent to the environment. There are 

definite advantages in the deployment of botanical pesticides. These are biodegradable, 

safe to non-target organisms, renewable and suit to sustainability of local ecology and 

environment. Moreover, repeated application of fungicides to attain advantageous level 

of disease control has been discouraged by some of the farmers (Singh and Sinha, 2005).] 

Reddy et al. (2007) reported the antifungal component of cloves. They isolated, 

characterized and tested the efficacy of cloves against Aspergillus spp. The major 

component, eugenol was identified on TLC plate as dark coloured spot with Rr 0.5 along 

with standard. In TLC plate bioautography test, TLC plates were spray inoculated with 

four species of Aspergillus (A. jlavus, A. paraciticus, A. niger, A. ochraceus) and eugenol 

on TLC plates inhibited mycelia growth of all four species of Aspergillus. 

Meena et al. (2007) evaluated antibacterial activity of seven semi purified plant 

extracts made from flowers, leaves, fruits, stems, pods and seeds of some plants and four 

antimicrobial chamicals. The bacterial plant pathogens were Pseudomonas 

solanacearum, Xanthomonas campestris pv. Campestris, Xaxonopodis and Xanthomonas 

pv.Citri. Evaluation was done by disc diffusion technique. Product componantes from 

mahua flowers and Satyanashi leaves were found effective against Pseudomonas 

solanacearum at 1000 ppm. 

Mewari et al. (2007) screened two mosses viz. Entodon plicatus C. Muell and 

Rhynchostegium vagans jaeg for their antimicrobial activity against Bipolaris 

sorokiniana (Sacc. and Sorok), Fusarium solani (Mart.) Sacc.(fungi) and Pseudomonas 

sclanacearum, Xanthomonas oryzae pv.oryzae (bacteria). Aquous extracts of the two 

mosses were found to be ineffective. Ethanolic extracts of E. plicatus showed maximum 

inhibition (42%) of B.Sporokiniana and petroleum ether extract of R. vagans exhibited 

max. inhibition (45%) of B.Sporokiniana. Extract of R. vagans were found to be more 

effective inhibitors of F. sol ani than those of E. plicatus. Ethanolic extract of R. vagans 

showed maximum inhibition (44%) of F. solani whereas alcoholic extracts of both the 

mosses showed more effective antimicrobial activity. 
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Malabadi and vijay kumar (2007) evaluated the antifungal activities of aceton, 

hexane, dichloromethen and methanol extracts of leaves of four plant species (Acacia 

pennata, Anaphylis wightiana, Capparis pepiaria and Catunaregum spinosa) against 

pathogen viz. Candida albicans, Kluyeromyces polysporus, Aspergillus niger, Aspergillus 

fumigantus. High antifungal activity was observed with methanolic extract of Anaphylis 

wightiana against all the test pathogens with the MIC values ranging from 0.02 to 0.06. 

Methanolic extract of Acacia pennata, Anaphylis wightiana, Capparis pepiaria have very 

stroung antifungal activity against tested pathogens particularly C. albicans and K. 

polysporus. 

Guleria and Kumar (2006) searched for bioactive compounds from lipophilic leaf 

extracts of medicinal plants used by Himalayan people. They screened antifungal 

properties by direct bioautography. Alternaria alternata and Curvularia lunata were used 

as test organism in bioautography. The results were evaluated by the diameter of the 

fungal growth. They showed five effective plant species with antifungal activity among 

the 12 investigated. They used CHCI3 : CH30H (1 :9, v/v) as a solvent to develop silica 

gel TLC plates. Clear inhibition zones were observed for lipophilic extracts of Vitex 

negundo (RF value 0.85), Zantoxylum alatum (RF value 0.86), Ipomea carnea (RF value 

0.86), Thuja orienta/is (RF value 0.80) and Cinnamomum camphora (RF value 0.89). 

The best antifungal activity was shown by lipophilic leaf extract ofT. orienta/is. 

Kiran et al. (2006) screened thirty plant extracts (aquous extract) against the 

pathogen Sclerotium rolftii in vitro to examin the inhibitory effect on mycelial growth 

and sclerotia! production. Maximum inhibition (74%) of mycelial growth was recorded at 

10% concentration of plant extract (Prosopis juliflora). Other two antifungal plant 

extracts were from Agave Americana (showed 68% overall inhibition) and Nerium 

indicum (showed 54% overall inhibition). The inhibition (94%) of sclerotia! production 

was exhibited by Agave americana and almost similar inhibition was shown by 

Clerodendron inerme leaf extracts. Leaf extract of Ricci nus communis and fruit extract of 

Riccinus communis also gave well results (showed 72%) inhibition. 

AL-Howiriny et al. (2005) reported three new diterpenes and biological activity 

of different extracts of Jasonia monata. 
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Kuiate et al. (2005) studied about the chemical composition and in vitro anti 

fungal properties of essentil oils from leaves and flower of Erigeronjloribundus. 

Antifungal activity of selected species of Terminalia and Curcuma has been 

studied by Fyhrquist et al., (2004). Saxena et al. (2003) and Flach et al. (2002) showed 

anti-fungal activity of some plants and also analyzed the antifungal properties chemically. 

Anti-fungal action of essential oil and other components have been reported by several 

scientists (Deena and Tophi!, 2000, Demirci et al., 2000 Mathpal et al., 2002 and Simic 

et al., 2004). Anti-fungal activity of Tagetes patula extracts have been shown by Mares et 

a!. (2002). Anti-fungal sesquiterpenes from stem bark of Guarea macrophylla has also 

been demonstrated by Logo eta!., (2002) 

Deepak et a!. (2005) used methanolic extracts of forty plant species commonly 

growing across India and screened for antisporulant activity against Sclerospora 

graminico/a, the causative organism of pearl millet downy mildew. The methanolic 

extracts of nine species did not show any effect, whereas the activity of the extracts of 

Clematis gouriana, Evolvulus alsinoides, Mimusops elengi, Allium sativum and Piper 

nigrum were commensurable to that of the marketed botanical fungicides. The extracts of 

11 species (Agave americana, Artemisia pallens, Citrus sinensis, Dalbergia latifolia, 

Helianthus annus, Murraya koenigii, Ocimum basilicum, Parthenium hysterophorus, 

Tagetes erecta, Thuja occidentalis and Zingiber officianale) exhibited remarkable 

antisporulant effect even after I 0-fold dilution of the crude extracts. But in the case of 

remaining 15 plants the crude extracts lost activity after 10-fold dilution. The 

antisporulant activity of commercialised Azadirachta preparation (Nutri-Neem) was more 

pronounced than that ofReynutria based on (Milsana) and Sabadilla (veratrin). 

Curtis et a!. (2004) reported that garlic extract showed activity against the plant 

pathogenic bacteria Agrobacterium tumefaciens, Erwinia carotovora, Pseudomonas 

syringae pv. maculicola, P.s. pv. phaseolicola, P.s. pv. tomato, Xanthomonas campestris 

pv. campestris, the fungi Alternaria brassisicola, Botrytis cinerea, Plectosphaerella 

cucumerina, Magnaporthe grisea, and the oomycete Phytophthora i'lfostans. 

Fukai et a!. (2003) found that antifungal agent from the roots of Cudrania 

cochinchinensis against Candida and Aspergillus sp. 
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Shin and Kang (200 I) reported some antifungal activities of essential oils from 

cultivars of Brassica juncea. Ogunwande et a/. (200 I) analysed methanol extracts from 

leaves, stem bark, root bark, fruits and seed kernels of Butyrospomum pradoxum 

(Vitellaria paradoxa) and revealed the presence of alkaloids (in leaves and stem barks), 

flavones (in stem and root bark), saponins (in root bark), steroids (in stem bark, fruits and 

seed kernels) and tannins (in leaves and root bark) which have antimicrobial activity 

against bacteria (Pseudomonas aeruginosa, Escherichia coli, Salmonella typhi, 

Staphylococcus aureus, Ralstonia solanacearum and Bacillus cereus) and fungi 

(Fusarium oxysporum and Candida albicans). 

The leaves of five Betula species, B. pendula, B. browicziana, B. medwediewii, B. 

litwinowii and B. recurvata collected from different parts of Turkey were hydro distilled 

to yield the consequent essential oils. The essential oils showed antifungal activity 

against various phytopathogenic fungi like Cephalosporium aphidicola, Drechslera 

sorokiniana, Fusarium so/ani and Rhizoctonia cereals (Demirci et a/., 2000). 

Botanicals extracted from many higher plants have been reported to exhibit 

antibacterial, antifungal and insecticidal properties (Satish et a/, 1999; Okigho and 

Ogbonnay, 2006; Sharift et al, 2006; Bouamama eta/., 2006; Ergene et al., 2006; Kiran 

and Raveesha, 2006; Mohana and Raveesha, 2006). Plant metabolites and plant based 

pesticides appear to be one of the better alternatives as they are known to have minimal 

environmental impact and are Jess dangerous to consume in contrast to synthetic 

pesticides (Vanna and Dubey, 1999). Several authors have reported antifungal activity of 

plant extracts against pathogens of rice, tomato, wheat, pea and other important crops 

(Rana eta/., 1999; Sindhan eta/., 1999; Hu eta/., 2001). However such report involving 

tea pathogens are very few (Chakraborty eta/., 1991, Saha et al 2005a, b). Exploitation of 

naturally available chemicals from plants, which retard the reproduction of undesirable 

microorganism, would be more realistic and ecologically sound method for protection of 

tea plants against diseases. This should have a prominent role in development of future 

commercial fungicides for crop protection strategies with special references to the 

management of foliar diseases (Varma and Dubey, 1999; Gottieb eta/., 2002) 

The hexane and methanol extracts of sixteen plants of the family Caesalpiniaceae, 

collected around Karachi, Pakistan, were phytochemically screened and tested for their 
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antibacterial and antimicrobial activity. As compared to hexane extracts, the methanol 

extracts of all the examined plants showed stronger growth inhibitions againstboth 

bacteria and fungi, Cassia species being the biologically more active plants (Ali et al., 

1999). Carpinella et al. (1999) reported that the ethanol extract of Melia azedarach ripe 

fruits showed fungistatic (MIC 50-300mg/ml) and fungicidal (MFC60-500mg/ml) 

activity against Aspergillus jlavus, Fusarium moniliforme, Microsporum canis and 

Candida albicans 

The antimicrobial activities of Valex (the extract of valonia), the extracts of 

mimosa bark, gallnut powders, Salvia ancheri Benthum. var. ancheri and Phlomis 

bourgei Boiss. were studied. The results of the study indicated that mimosa bark extracts 

had the greatest antibacterial activity, followed by the Valex, gullnut powders, Salvia 

ancheri var. ancheri and Phlomis bourgeie extracts, respectively. Furthermore, it was 

found that gullnut powders andthe extracts of mimosa bark contained high amounts of 

tannins and showed antifungal activity (Digrak et al., 1999). 

Two hundred and four species of traditional Chinese herbal medicines belonging 

to 80 families were collected from Yunnan Province in People's Republic of China and 

tested for antifungal activities using a Pyricularia oryzae bioassay. Twenty-six herbal 

medicines from 23 families were active against P. oryzae and· the ethanol extract of 

Dioscorea camposita ( dioscoreaceae) exhibited the most bioactivity among all the tested 

samples (Hu eta!., 1999). 

The antibacterial activity of ethanol extracts of 15 plant species used in the 

traditional medicine in Jordan and other Middle East countries were tested. Extracts of 

certain parts of these plants were tested in vitro against 14 pathogenic bacterial species 

and strains using the agar diffusion methods. Three plants exhibited broad spectrum 

antibacterial activity: Punica Granatum L., Quercus infectoria, and Rhus coriaria L. The 

most susceptible bacteria were Pseudomonas aeruginosa, Bacillus cereus and 

Streptococcus pyogenes (ATCC 12351), and the most resistant species were Escherichia 

coli (A TCC 25922 and clinical isolates), Klebsiella pneumoniae, Shigella dysentriae 

(ATCC 49345), and Yersinia enterocolitica (ATCC 961 0) (Nimri et al., 1999). 

Bianchi et al. (1997) tested Fusarium so/ani, Colletotrichum lindemuthianum, 

Pythium ultimum and Rhizoctonia so/ani and found that garlic extracts inhibited mycelial 
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development in vitro. Ali eta!. (1999) screened hexane and methanol extracts of sixteen 

plants of the family Caesalpiniaceae, collected around Karachi, Pakistan and were tested 

for their antibacterial and antimicrobial activity. As compared to hexane extracts, the 

methanol extracts of all the examined plants showed stronger growth inhibition against 

bacteria and fungi, Cassia species being the biologically more active plant. Ethanol 

extracts of Melia azadirachta fruit showed fungistatic (MIC 50-300 mg/ml) and 

fungicidal (MFC60-500 mg/ml) activity against Aspergillus jlavus, Fusarium 

moniliforme, Microsporum canis and Candida albicans (Carpinella et al., 1999). 

Verastegui et a/. ( 1996) investigated the antifungal activity of several widely 

distributed plants in the vegetation on north Mexico and the southern USA. The molds 

were evaluated on the growth of yeasts and moulds: Candida Krusei, Cnadida rugosa, 

Cryprococcus neoformans, Cryptococcus albidus, Microsporum canis, Microsporum 

gypseum, Trichophyton tonsurans, Epidermophyton jlocosum and Sporotrix Schenckii. 

The extracts showed a good antifungal activity against the microorganism. 
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3. Materials and Methods 
3.1: Plant materials 

3.1.1: Collection of post harvest diseased fruits and vegetables from different 

markets of North Bengal 

The northern part of West Bengal commonly called as North Bengal is endowed 

with diverse natural resources. The most important economic plantation crop of the 

region is tea. Other than tea the region is also famous for cultivation of orange, tomato 

and pineapple. It has been noticed that fungi and bacteria often attack fruits and 

vegetables. This fungal and bacterial attack happens during harvesting, transportation and 

marketing. The attack in the fruits by the microorganism may be primary or secondary in 

nature. In the present study 37 fungi and 76 bacteria have been isolated respectively from 

9 different vegetables (potato, brinjal, tomato, cucumber, papaya, carrot, been, pees, 

onion) and 6 different fruits (pineapple, orange, banana, apple, inango, guava) samples. 

While performing Koch's postulates it has been observed that three different fruits and 

vegetables (orange, tomato and pineapple) were affected significantly. Although several 

fungi and bacteria attack the fruits and vegetables but three fungi and three bacteria out 

of 13 fungi and 29 bacterial isolates of 3 different fruits and vegetables (orange, tomato 

and pineapple; Table: 3.1) were selected for the present study. Selection was made on the 

basis ofpathogencity of the bacteria and fungi performed during initial study. 

3.1.2: Collection of plants for extraction of botanicals 

Plants were selected on the basis of availability in the North Bengal (sub 

Himalayan West Bengal). Fresh disease free leaves of fifty different plant species 

belonging to different families were collected. The extracts of fifty species of plants 

belonging different families have been evaluated for their antifungal and antibacterial 

activity. A list of the plants has been presented in the table (4.1) (Rastogi & Mehrotra, 

1995; Chatteijee & Pakrashi, 1997; Chopra et al., 1996). Voucher specimens have been 

deposited in the Departmental Herbarium of the Department of Botany, University of 

North Bengal. 



3.2: Fungal and bacterial cultures used 

3.2.1: Source of fungal and bacterial culture: 
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Various fungal and bacterial pathogens were isolated from the infected orange, 

tomato and pineapple ofNorth Bengal. Infected fruits and vegetables were collected from 

August 2005 to February 2008. Samples were collected from different markets where 

fruits are temporarily stored before distribution to different places for marketing. Ten 

samples of each fruits were collected. Collected samples were kept carefully and 

transferred to the plant pathology laboratory, Department of Botany, University of North 

Bengal. Orange was collected from the Garubathan market of Jalpaiguri. Tomato was 

collected from the Market of Haldibari, Coach Behar. Pineapple was collected from the 

wholesale market ofBidhannagar, Darjeeling. Thirteen fungal and Twenty-nine bacterial 

isolates were found from these fruits. 

3.2.1.1: Isolation of fungal culture 

The infected samples were rinsed in distilled water and infected portions were cut 

into small pieces and surface-sterilized with 0.1% HgCh for 1 min, rinsed in sterile 

distilled water and placed on agar plate in an incubator at 28±1 De. The solidified plates 

incubated for 4-5 days at 28±1 De temperature. Preliminary isolations were done in potato 

dextrose agar (PDA) supplemented with antibacterial streptomycin (Stevens, 1981 ). 

Isolated fungal colonies grown in the plates were picked up by inoculating needle and 

were placed in sterile PDA slants. The cultures were observed under microscope and pure 

cultures were sub cultured for further use. The pure cultures were maintained in 

refrigerator at 4-8DC. 

3.2.1.2: Isolation of bacterial culture: 

The infected area of the diseased fruits were cut aseptically following Pal and 

Pradhan (1990) and placed in a conical flask containing 15 ml of nutrient broth. The flask 

was incubated at 32±1 De for 72 hrs. Then the cultures were serially diluted (1 0 -I, 10'2, 

10'3, 104
, 10'5, 10'6 

) and 1 ml of each dilution was added to 20 ml nutrient agar in 90 

mm diameter sterile Petri plates and incubated at 32±1DC for 24 hrs. Colonies grown on 

the agar plates were selected and then streaked on to nutrient agar slants to incubate at 

32±1 De for 24 hrs. All the isolates were given code names and stored at 4°C. For routine 
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experimental works, the isolates were sub-cultured by growing in nutrient broth for 24 

hrs at 32± 1 °C. 

Table 3.1: Isolated bacterial and fungal culture of orange, tomato and pineapple 

Fruits and No of di fferent No of different 

vegetables bacterial organisms fungal organisms 
Collection place 

Orange 9 4 Garubathan , Jalpaiguri 

Tomato 11 5 Haldibari , Cooch Behar 

Pineapple 9 4 Bidhannagar,Darjeeling 

3.2.2: Verification of the disease through Koch 's postu lates and Pathogenicity 
3.2.2.1: Fungal pathogen 

For verification of a particular pathogen Koch's postulates were done. Fresh fruits 

were collected from market and surface sterilized by dipping the fruits in I% sodium 

hypochlorite for two minutes and washed in sterile distilled water. Scratches were made 

on the peel of the host fru its. Each scratch was 1 0 mm long and approximately 2 nun 

deep and on the circumference of the fruits and at equidistant places. Finally the fruits 

were inoculated with the conidial suspension fo llowing the inoculation technique of 

Dhingra and Sinclair, 1995. After 4 days of inoculation, when disease symptoms 

appeared on the frui ts, the pathogen was re-isolated from infected fru its. For re-isolation, 

infected portions of the fru its were cut into small species ( 1-2cm), washed thoroughly 

with the sterile distilled water, surface steril ized with 0.1% Mercuric Chloride (HgCb) 

for 1-2 minutes, washed thrice with steri le distilled water and finally transferred 

aseptically into a steri le PDA slants. The inoculated s lants were incubated at 28± 1 °C and 

were observed till sporulation. Sporulated cultures were used for microscopic studies. 

The organisms were confirmed after comparing them with the respective stock cultures 

and coded accordingly. If an organism was consistently re-isolated then it was treated as 

a pathogen and was identified in the laboratory or elsewhere as mentioned in table (3.3). 

Thirteen fungal iso lates were found from 3 different infected fruits and 

vegetables. They were coded accordingly and have been shown in the table (3 .2). Out of 

the 13 fungal isolates of orange, tomato and pineapple, Fusarium moni.ltforme (orange 

isolate), Alternaria alternata (tomato isolate) and Alternaria alternata (pineapple isolate) 
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were selected for the future studies, shown in the table (3 .3) Selection was done on the 

basis of severity of damage done by the bacteria to the respective fruits. 

Table 3.2: Isolated fungal cultures from infected pineapple, tomato and orange of 
North Bene:al 

Fruit and vegetables 
Code name of fungal 

Total no of fungal cultures 
culture 

Orange OF!-OF4 4 

Tomato TF!-TFS 5 

Pineapple PF!-PF4 4 

Table3.3: Selected pathogenic fungal cultures isolated from infected pineapple, 
tomato and orange of North Bengal 

Fungal culture* Source Identified by Identification no 

Dr. T. Prameda 
Alternaria a/ternata Naturally infected 7063.08 

(AaP) § pineapple 
Devi; Dr. Nita 

(JAR!, New Delhi) 
Mathur 

Dr. T. Prameda 
Alternaria alternata. Naturally infected 7065.08 

(AaT)§ 
Devi; Dr. Nita 

(JAR!, New Delhi) tomato 
Mathur 

Dr. T. Prameda 
Naturally infected 7344.09 

Fusarium mohiliforme Devi; Dr. Nita 
(JAR!, New Delhi) orange 

Mathur 

Dr. T. Prameda 
Naturally infected 7434.09 

Fusarium moliniforme Devi; Dr. Nita 
(IARI, New Delhi) orange 

Mathur 

* Codes of the pathogen have been presented m parentheses. Fungal cultures used as test 
pathogen throughout the present study. 
3.2.2.2: Bacterial pathogen 

For verification of a particular pathogen Koch's postulates were done. Fresh fruits 

were collected from market and surface sterilized by dipping the fruits in I% sodium 

hypochlorite for two minutes and washed in sterile distilled water. Scratches were made 

on the peel of the host fruits. Each scratch was I 0 rnm long and approximately 2 rnm 

deep and on the circumference of the fruits and at equidistant places. Finally the fruits 

were inoculated by bacterial pathogen following the inoculation technique of Dhingra 
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and Sinclair, 1995. After 4 days of inoculation, when disease symptoms appeared on the 

fruits, the pathogens were re-isolated from infected fruits. For re-isolation, infected 

portions of the fruits were cut into small species (l-2cm), washed thoroughly with the 

sterile distilled water and finally transferred aseptically into a sterile NA slants. The 

inoculated slants were incubated at 32±1 °C and were observed till colony appeared. 

Microscopic studies were performed of all the bacterial cultures. The organisms were 

confirmed after comparison with that of original stock cultures. If an organism was 

consistently re-isolated then it was treated as a pathogen and was identified in the 

laboratory or elsewhere. 

Twenty-nine bacterial isolates were found from 3 different infected fruits and 

vegetables. They were coded accordingly and have been shown in the table (3.4). Out of 

the 29 bacterial isolates of orange, tomato and pineapple, three bacteria were sele-

cted for the future studies, shown in the (Table: 3.5). Selection was done on the basis of 

severity of damage done by the bacteria to the respective fruits. 

Table 3.4: Bacteria isolated from infected orange, tomato and pineapple of North 
Bengal 

Fruit and vegetables Code name of bacterial culture 

Orange OBI-OB9 

Tomato TBI-TBll 

Pineapple PBI-PB9 

Table 3.5: Selected pathogenic bacteria cultures isolated from orange, tomato and 

pineapple 

Culture 

OB5 

TB3 

PBS 

Source 
Naturally infected 

pineapple 
Naturally infected 

tomato 
Naturally infected 

pineapple 

Identified by* Bacterial cui ture 

Dr. A. Saha Xanthomonas sp 

Dr. A. Saha 
Pseudomonas 

syringae 

Dr. A. Saha Erwinia sp 

OB5, TB3, PBS were used as test pathogen throughout the present study. 
*following Bergey's manual of determinative bacteriology and biochemical 
performed in the laboratory. 

tests 



3.2.3: Source of antagonist fungal and bacterial culture: 

3.2.3.1: Isolation of fungi from soil 
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Collection of samples: Soil samples were collected from the rhizosphere of 

different plants from nine tea gardens of the sub-Himalayan region of west Bengal during 

2005 to 2008. For isolation of fungi the spread plate method was followed. 

Preparation of diiution series: One gram of soil sample was weighed and 

dissolved in 1Om! of sterile distilled water in a sterile test tube. From this 1 0 ml solution 1 

ml was dispensed in another test tube containing 9 ml of sterile distilled water to make 

10-1 dilution. Subsequently, the solution was further diluted to 10'2, 10-3, 104
, 10·5, 10-6 

and 10-7• 

Spread plate technique: lOOf!l aliquot of soil dilution sample (10-1 to I o-7
) 

inoculated in PDA plates following spread plates technique and the plates were incubated 

at 28±1 °C until fungal colonies developed. Pure culture was obtained after placing 4mm 

fungal mycelia discs from plates on fresh PDA plates are incubated for 7-1 Odays till the 

fungal mycelia covered the whole plate (Table: 3.6). Pure cultures were ascertained after 

microscopic observations of morphological characters of spores and mycelia. 

Table 3.6: Fungi cultures isolated from soil 

Code name of bacterial Total no of fungal cultures 
Location 

culture isolated 

BAGDOGRA SF1-SF7 07 

MALBAZAR SF08-SF13 06 

KALCHINI SF14-SF19 06 

Isolation of antagonistic fungi: Soil isolates (Fungi) were screened for their 

antimicrobial activity if any by dual culture technique against three fungal pathogens 

[Fusarium moriiliforme; Alternaria alternata (AaT) and Alternaria alternata (AaP)]. 

Details of the two selected fungi have been presented in the table (3. 7). On the basis of 

preliminary studies 2 fungal antagonists (Trichoderma harzianum (SF!), Aspergillus 

jlavus (SF7) were selected for their good antimicrobial properties. 
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Table 3. 7: Selected fungal antagonists used during the study 

Name of the fungal and 
Source Identified by Identification no 

bacterial antagonist 

Dr. T. Prameda 
ITCC-4572 

Trichoderma harzianun SOIL Devi; Dr. Nita 

Mathur 
IARI, New Delhi 

Dr. T. Prameda 
7435.09 

Aspergillus jlavus SOIL Devi; Dr. Nita 

Mathur 
IARI, New Delhi 

3.2.3.2: Isolation of bacteria from soil 

Source and Collection of soil: Rhizosphere serves as a source of large number of 

microorganisms. Therefore, in the present study, the rhizosphere was chosen as a source 

of soil for isolation of antagonistic microorganisms if any. Soil samples were collected 

from Bagdogra (Mango rhizosphere ), Malbazar (Maize rhizosphere ), Kalchini (Citrus 

rhizosphere) the three different agro climatic zones of sub-Himalayan West Bengal. In all 

the cases soil samples were collected in sterilized petri plates and stored at 4 °C for further 

use. For isolation of bacteria the soil dilution and plate count method was followed. 

Preparation of dilution series: One gram of soil sample was dissolved in 10 ml 

of sterile distilled water in a test tube. From this stock solution 1 ml solution was 

dispensed in another test tube containing 9 ml of sterile distilled water to make a dilution 

of w-1. In the similar way a dilution series from w-l to 1 o-s were prepared. 

Spread plate technique: 100111 of soil solution was poured into soil extract agar 

plate and spread by a glass spreader under aseptic condition. The plates were incubated at 

32±1 °C for 24 hours and the plates were observed for isolation of colonies. 

Isolation of single colonies: From the plates 31 bacterial isolates (SB 1 - SB31) 

were found (Table: 3.8). The isolated colonies were maintained on NA slants at 4°C and 

sub cultured at regular intervals. · 
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Table 3.8: Bacterial cultures isolated from soil 
' 

/ Code name of bacterial Total no of bacterial 
Location 

culture cultures isolated 

~BAGDOGRA SBOI-SB08 08 

MALBAZAR SB09-SB17 09 

KALCHINI SB18-SB31 14 

Isolation of antagonistic bacterial species: Bacterial isolates were screened for 

their antimicrobial properties by dual culture technique against the pathogens of orange, 

tomato and pineapple. On the basis of preliminary studies 2 bacterial antagonists (SBl 

and SB2) were selected for good antimicrobial properties. The details of the two bacteria 

have been given in the table (3.9). These bacteria were also used for preparation of bio

formuiations which were used for in vivo experiments. 

Table 3.9: Selected bacterial antagonists used during the present study 

Identification done following biochemical 

Bacterial culture* Source studies/ molecular studies 

Lysinibacillus sphaericus 
soil 

Both by biochemical and Molecular studies 

(SBI) (following 16S rDNA sequence studies) 

Pseudomonas sp. 
soil By biochemical studies 

(SB2) 

3.2.4: Maintenance of stock cultures 

Freshly prepared sterile PDAINA slants were used for the maintenance of the 

fungal/bacterial cultures. The fungal/ bacterial cultures were also maintained in PDBINB. 

Pathogens and antagonists were grown on sterile PDAINA media were stored in two 

different conditions, viz. at low temperature in refrigerator (at 4°C) and at room 
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temperature. At the interval of two weeks subculture was done for preparation of 

inoculums for different experiments. 

3.3: Characterization of the isolated bacteria 

To identifY the bacteria, a number of physiological and biochemical tests (Barrow 

and Feltham, 1993) were conducted following the identification scheme described by 

Carnanhan eta!. (1991). 

3.3.1: Morphological characterization 

3.3.1.1: Shape and size of the bacteria: To examine the shape and size of the cells, a 

drop of cell suspension of the test bacterium was placed on a clean grease-free slide, air 

dried and stained with carbo! fuchsin and observed under microscope. Diameter was 

measured with standard ocular micrometer 

3.3.1.2: Morphology of the colony: Morphology of the bacterial colony on nutrient agar 

plates like texture (smooth or rough), appearance (glistering or dull) etc were examined. 

3.3.1.3: Motility: To detect the motility of sample bacteria, tubes of modified motility 

medium were stab inoculated to a depth of about 5 mm. The tubes were incubated at 

32±1 °C and the turbidly pattern was observed for 5 days. 

3.3.2: Physiological and Biochemical tests 

3.3.2.1: Gram Staining: The smears of isolates were made on separate glass slides. 

Smears were allowed to air dry and heat fixed. The smears were covered with crystal 

violet for 30 seconds. Each slide was washed with distilled water for a few seconds, using 

wash bottle. Each smear was covered with iodine solution for 30 seconds. The iodine 

solution was washed off with 95% ethyl alcohol. Ethyl alcohol was added drop by drop, 

until no more colour flows from the smear. The slides were washed with distilled water 

and drained. Safranin was applied to the smears for 30 seconds, washed with distilled 

water and blotted dry with absorbent paper. The stained slides were observed under 

microscope to study the Gram character and cell morphology of the bacterial isolates. 

3.3.2.2: Indole Test: Test tubes were inoculated with bacterial isolates and one tube was 

kept as an uninoculated comparative control. Tubes were incubated at 3 7± I °C for 48 

hours. After 48 hours incubation I ml of Kovac's reagent was added to each tube 

including control. The tubes were gently shakened after intervals of I 0-15 min. The test 

tubes were allowed to stand to permit the reagent to come to the top. 
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3.3.2.3: Methyl Red and Voges -Proskauer Test: MR-VP tubes were inoculated with 

isolated cultures and 1 tube un-inoculated was kept as control. All tubes were incubated 

at 32±1 °C for 48 hours. After incubation media was divided equally into two tubes for 

each isolate. To one of the tube marked as MR (for Methyl Red) 5 drops of Methyl red 

indicator was added. To the other tube marked as VP, 12 drops ofVP reagent I and 2-3 

drops of V-P reagent II were added. Tubes were shaken gently for 30 seconds. The 

reaction was allowed to complete for 15-30 minutes. 

3.3.2.4: Citrate Test: Simmon's Citrate agar was inoculated with isolated cultures by 

streaking and 1 tube was kept as uninoculated control. All the slants were incubated at 

32±1 °C for 48 hours. Observation of color change from green to blue indicated positive 

result. 

3.3.2.5: Casein Hydrolysis: Milk agar plates were inoculated with bacterial isolates as a 

single streak and one plate was kept as control. Plates were incubated for 24-48 hrs at 

· 32±1 °C in an inverted position. Formation of a clear halo around the bacterial line of 

inoculation indicated positive result. 

3.3.2.6: Catalase Test: The cultures were inoculated on NA slants and incubated at 

32±1 °C for 24-48 hrs. After that, 3-4 drops of 10% hydrogen peroxide was allowed to 

flow over the growth of each slant culture. 

3.3.2. 7: DNase activity: Test cultures were inoculated on the surface DNase plate by 

streaking and incubated at 32±1 °C for 36 h. The plates were observed for the formation 

of a pinkish/clear halo around the bacterial growth. 

3.3.2.8: Gelatin liquefaction test: Each gelatin containing tubes were inoculated with 

loopful of isolates. They were incubated at 32± 1 °C for 2 days. The cultures were then 

allowed to chill by keeping them in ice for 15 minutes. The tubes that contained liquid 

media even after chilling were positive for gelatin liquefaction. 

3.3.2.9: Nitrate reduction: Nitrate Broth was inoculated and incubated for 48 hrs. 1 ml 

of nitrite reagent A followed by 1 ml of reagent B was added. A deep red colour showed 

the presence of nitrite and thus showed that nitrate had been reduced and indicated a 

positive reaction. To tubes, not showing a red colour within 5 min powdered Zinc was 

added and allowed to stand. Red colour formation confirmed the presence of nitrate in the 

medium (i.e. not reduced by the organism). 
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3.3.2.10: ONPG Test: Tubes of ONPG broth were inoculated and incubated for 48 

hours. ~-galactosidase activity was indicated by the appearance of a yellow colour due to 

the production of o-nitrophenol. 

3.3.2.11: Oxidase activity: A fresh solution of the reagent was prepared each time of use 

by adding a loop full oftetramethyl-p-phenylenediamine dihydrochloride to about 3 ml of 

sterile distilled water. A filter paper disc was soaked in a sterile plastic Petri dish with a 

few drops of the indicator solution and the test culture was smeared across the moist 

paper with a platinum loop. The appearance of a dark purple colour on the paper within 

30 seconds denoted a positive reaction. 

3.3.2.12: Phenylalanine decarboxylase: Tubes containing Phenylalanine agar media 

were inoculated with bacterial isolates and incubated at 32±1 °C for 24-48 hrs. The tubes 

were then acidified with 0.1 N HCl drop by drop until the medium was yellow. Then 0.2 

ml of a 10% aqueous solution of FeCb was added, shaken and observed for any colour 

change. A positive reaction was indicated by a dark green colour which quickly fades. 

3.3.2.13: Starch hydrolysis: Starch agar plates were inoculated with the bacterial 

pathogen and antagonists by single streak. The plates were incubated at 32±1 °C for 48 

hours in an inverted position. The plates were then flooded with iodine solution with a 

dropper for 30 seconds. The excess iodine solution was poured off. 

3.3.2.14: Acid production in TSI agar 

TSI slants were inoculated with test organism and incubated for 24hr at 30C and 

observation was recorded. 

3.3.2.15: Tween 80 hydrolysis (Lipid hydrolysis): The test cultures were streak

inoculated on the surface of Tween 80 Nutrient Agar plates and incubated at the optimal 

growth temperature of the organism and observed for each day. An opaque halo of 

precipitation around the growth indicated hydrolysis of Tween 80. 

3.3.2.16: Urease Test: Plates containing urea agar medium were inoculated by streaking 

and incubated for 24-48 hours at32±1 °C. Colour change of the media from yellow to pink 

around the bacterial inoculation line indicated positive result. 
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3.3.2.17: Sugar fermentation: 

All bacterial strains were tested for sugar fermentation to check for their ability to utilize 

sugar as carbon source and to produce acid. The peptone water broth was inoculated with 

bacterial culture and incubated for 24-48 hours. The indicator Phenol Red remains red at 

neutral pH but turns colourless at acidic pH. Thus, the colour change of the broth culture 

from red to yellow confirms positive result for sugar fermentation and if remains red, is a 

negative result. The test was repeated with the same medium but using different sugars in 

each case. The sugars used were glucose,D-arbinose, xylose, fructose, galactose, maltose, 

sucrose, raffinose, lactose, dulcitol and rhanmose. 

3.4: Pathogenicty 

Initially fruits of different varieties or of different places were inoculated by three 

selected pathogenic fungi and three selected pathogenic bacteria separately. Healthy 

fruits without injuries and infections were selected. Fruits were dipped in the solution of 

1% sodium hypochlorite solution for 2 minutes and then rinsed with sterile distilled water 

and air dried in a sterile atmosphere (in a laminar air flow). Wounds were made in fruits 

(orange, tomato and pineapple) by sterile scalpel instead of pin as used in pinprick 

method (Singh and Mandai, 2006). 

Tomatoes and oranges: Ten tomatoes (each 5 em in diameter) and ten oranges 

(each 7 em in diameter) were wounded by a sterile scalpel at equidistant spots on the 

equatorial regions of the fruits. Altogether ten scratches were made on the peel of the 

fruits. Each scratch was 10 mm long and approximately 2 mm deep. Tomatoes were 

inoculated with Alternaria alternata (isolate AaT at conidial concentration of 5x 104 

spores /ml) and bacterial suspension (of Pseudomonas syringae.) separately. Oranges 

were inoculated with Fusarium moniliforme (at conidial concentration of lxl05 spores 

/ml) and with bacterial suspension (Xanthomonas sp.). The tomatoes and oranges were 

kept at 20° C for 6 days. During incubation the trays were covered by transparent 

polythene sheets, perforated in some places for aeration. Separate control sets were 

maintained where sterile distilled water was sprayed instead of conidial 

suspension/bacterial suspension. 

Pineapple: Five pineapples (each 12 em in diameter and 18 em in length) were 

taken for each set and two different sets were kept in two different sterile glass chambers. 
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One set was kept as control where only sterile distilled water was sprayed. Each 

pineapple was scratched at twenty different equidistant spots on the circumference of the 

fruits in two rings. Size of the spots and inoculation procedures etc. were similar with that 

of oranges and tomatoes. Pineapples were inoculated with Alwnaria alternata (isolate 

AaP at conidial concentration of lx104 spores /ml) and bacterial suspension (Erwinia sp.) 

separately. The glass chambers containing pineapples were kept at 25°C for 6 days. 

During incubation the glass chambers were covered by transparent polythene sheets, 

perforated in some places for aeration. 

Assessment of disease: Disease was assessed by area of damaged tissue by 

transparent graph paper method. A graph paper was photo copied on a transparent sheet 

and the sheet was used to measure the diseased area. Diseased area was drawn a separate 

transparent sheet 'and was placed on the transparent graph sheet. The number of small 

squares of the graph paper covered by the diseased area was multiplied by the defined 

area of each small square and thus the area was determined. Area of damaged tissue 

(brown to black necrotic area around the scratched portion) were recorded individually 

and sum total of damaged area in I 00 scratched spots after inoculation and desired 

incubation were recorded. 

3.5: Extraction of botanicals 

3.5.1: Aqueous extract: 

Following the method of Mahadevan and Sridhar (1982) with some 

modifications, the extracts of the plant parts were made. Fresh plant materials were 

collected and washed thoroughly with sterile distilled water and allowed to dry at room 

temperature. After drying the materials were weighed, ground and extracted separately 

with sterile distilled water (O.Sg/ml). The extracts were filtered through double-layered 

cheese cloth and then centrifuged at 20,000 rpm for 15 minutes for multiple times until 

clarification as suggested by Kagale eta/. 2004. The supernatants of the aqueous extracts 

were sterilized by passing through a Millipore filter (0.2~-tm). All extracts were stored at 

4°C. The extracts were used for spore germination bioassay and TLC plate bioassay. 

3.5.2: Alcohol extract: 

Fresh plant parts were washed thoroughly with sterile distilled water and surface 

water were soaked by blotting paper at room temperature. The material (Sgm) was 
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ground in mortar or pastel with 6 ml 50% ethanol with autoclaved water to make O.Sg/ml 

concentration. The extracts were filtered through double-layered muslin cloth and 

centrifuged at 10,000 rpm for 30 min. The supernatant of alcohol extracts were collected 

in plastic vial and all extracts were stored at 4°C until used for bioassay. 

3.5.3: Dry extract 

Plant parts were dried, ground to a fine texture, and then soaked in desired solvent 

for extended periods. The slurry was then filtered after which it was dried under reduced 

pressure (In Rotary vacuum evaporator) and re-dissolved in the alcohol or in the desired 

solvent to a determined concentration. Crude products were then used in spore 

germination bioassay, disc diffusion bioassay, agar cup bioassay, poisoned food 

technique and TLC plate bioassay for antifungal properties and in a variety of 

experiments to screen for antifungal properties of plants. 

3.5.4: Isolation of phytochemicals from selected plants for their antifungal and 

antibacterial activity 

The crude extract shall be fractionated by different methods including silica gel 

colunm chromatography using various different solvent system following standard 

methods (Harbome, 1973; Saha et al., 2005b; Evans, 2002). The fraction will be 

monitored using Thin Layer Chromatography. The exact procedure of each extract will 

depend on the chemical constituents of that extract. 

3.5.4.1: Chemical extraction by soxhlet 

A fine powder of dried leaves was extracted in different solvent through soxhlet 

for 24hrs in each extract. Soxhlet is equipment which is used to exhaustively extract 

chemicals in different solvent. Different solvent was used according to increasing polarity 

of solvent. 3 different extract was prepared by using suxhlet apparatus model HP-6-500 

and concentrated by rotary evaporator model Heidolph. Benzene was used I 51 and then 

extract was re -extracted by chloroform and methanol respectively. Dry leaves powder of 

Xanthium strumarium and Datura stramonium (ISOg) was taken and placed in soxhlet 

colunm and run for 20hrs using benzene solvent. The extracted fraction was checked by 

spore germination bioassay and then followed by chloroform and methanol respectively. 
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3.5.4.2: By chemical fraction method: 

Ten gram fresh leaf was air dried and dried powder was mixed thoroughly in 

1 OOml solvent mixture of methanol: water ( 4:1) ratio. After 5 min it was filtered by filter 

paper in a flask. Thus, two fraction aqueous phase and residue were separated. The 

aqueous phase was evaporated up to 1/1 0 the volume at 40°C the evaporated solution 

acidified by adding H2S04 and three volume chloroform, separated by separating funnel 

into two flasks, aqueous acid layer and chloroform layer. The chloroform extracted layer 

had moderately polar extract such as terpenoids/phenolic compounds. The aqueous acid 

basified to lOph with N~OH and then dissolved in chloroform-methanol (3:1) ratio in 

twice volume and again separated. The aqueous basic may have the alkaloids. The 

residue formed during first filtration was mixed with ethyl acetate (Svolume) and then 

filtered, one filtered residue may have polysaccharide and other may have fat wax or 

neutral compounds. Each chemical fraction was checked by spore germination bioassay, 

30 m1 of spore suspension was placed in glass slide and added 30 ml chemical fraction. 

From the preliminary results it was found that terpenoids/phenolic compounds fractions 

[through routine separation of different bioactive fractions following Wagner and Bladt, 

(1996)] of selected plants were effective in controlling pathogens. Hence, effective 

bioactive fraction (terpenoids/phenolic compounds) along with crude fraction was 

considered during the determination of MIC as stated in details in the experimental 

section of the present study. 

3.5.5: Spore germination bioassay 

Ten days old sporulated fungal culture was taken and approximately 3-Sml sterile 

distilled water was poured in the culture tube aseptically. Gentle scrapping was done by 

an inoculating needle on the agar surface. After the scrapping, the tube was shaken and 

the resultant mixture was strained through cheesecloth. The filtrate was used as spore 

suspension. The concentration of the spores in the suspension was adjusted by adding 

sterile distilled water following hemocytometer count. 

Along with the aqueous leaf extract, inhibitory effects of different fractions ( 5 in 

no ) obtained after routine separation were subjected to bio assay against three F. 

moniliforme and A. alternata isolates ( AaT and AaP both) were tested. The spores of 

the pathogens were allowed to germinate in sterile distilled water drops mounted on 
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sterile grease free slides kept in a humid chamber in case of control. In experimental sets 

plant extract (30 Ill) was placed on the centre of a grease free microscopic slide and 

allowed to evaporate. After evaporation of the solvent (ethanol), spore suspension was 

molinted on the slides in the same place where the extract was applied. In solvent control 

set fresh solvent (50% ethanol) was placed and subsequently evaporated before 

application of spore suspension. The slides were then incubated at 28±1 °C in a humid 

chamber. Two small glass rods (60 mrn in length) were placed in a 90 mrn petridish and a 

slide was placed on the rods in a uniformly balanced position. Sterile distilled water was 

carefully poured in the petri dish so that the bottom of the slide remained just above the 

water surface. The petridish was then covered and incubated at 28±1 °C. Following 48 h 

of incubation, the slides were stained with !acto phenol-cotton blue and observed under 

the microscope. Approximately, 200 spores were observed in each slide for germination. 

The entire experiment was repeated thrice. 

3.5.6: Bioassay by poisoned food technique 

Two milliliter of plant leaf aqueous extract was added to 18 ml of the molten 

PDA medium mixed well and poured in sterile petridish (90 mrn diameter) under aseptic 

condition and was allowed to solidify. In control sets 2 m1 of sterile distilled water was 

added instead of plant extracts. The both experimental and control plates were inoculated 

with the pathogen and incubated for required period. Radial growth of the pathogen was 

measured. 

3.5.7: Agar cup method for detection of anti-microbial activity by Xantllium 

strumarium and Datura stramonium and determination of MIC 

For screening of inhibitory effect of botanicals against test pathogens, the spore 

germination bioassay technique and agar cup bioassay technique was followed. Minimum 

inhibitory concentration (MIC) of all active components was measured following standard 

protocols (Suleman et at., 2002; Saba et at., 2005a). 

A sensitive and quick microplate method as suggested by Eloff (1998) was 

followed to determine the minimal inhibitory concentration of plants extracts for bacteria 

and fungi. Minimum inhibitory concentration (MIC) was determined by the micro 

dilution method using serially diluted plant extracts. Various concentrations (example. 

0.101-!g/ml, 0.201-!g/ml, 0.401-!g/ml, 0.501-!g/ml and 0.1001-!g/ml etc) of the plant extracts 
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were prepared. Nutrient agar was used for the growth of bacterial strain and potato 

dextrose agar was used for the growth of fungi. By means of a cork borer (5 mm in 

diameter) a cup or well was made in a seeded (either by bacterial suspension or by fungal 

spore suspension) agar plate. The cup or well was filled with 50j.!l plant extract and was 

incubated in the incubators meant for bacteria or fungus as applicable. The extract 

diffused from the cup to a certain extent and inhibited the growth of the pathogen if it 

contained any antimicrobial properties. It was found that the diameter of the inhibition 

zone was more when the concentration of the antimicrobial properties was more. In the 

I '1 phase crude plant extract was used for the detection of antimicrobial activity. In the 2"d 

phase bioactive fraction was used for the detection of antimicrobial activity. The plates 

containing bacteria were incubated at 37±!°C for 24 hr and the plates containing fungi 

were incubated at 28±1 oc for 48hrs. The antimicrobial activity was noted on the basis 

diameter of growth inhibition zone. 

3.5.8: Bioassay offungicides: 

Bioassay of fungicides was done by taking five different concentrations of two 

different fungicides following poisoned food technique as described by Suleman et 

a/.,(2002). Minimum inhibitory concentration (MIC) was determined by the micro 

dilution method using serially diluted plant extracts. Various concentrations of the 

fungicides were prepared. Potato dextrose agar was used for the growth of fungi. By 

means of a cork borer (5 mm in diameter) a cup or well was made in a seeded (either by 

bacterial suspension or by fungal spore suspension) agar plate. The cup or well was filled 

with 50j.!l fungicides and was incubated in the incubators. The fungicides diffused from 

the cup to a certain extent and inhibited the growth of the pathogen if it contained any 

antimicrobial properties. It was found that the diameter of the inhibition zone was more 

when the concentration of the antimicrobial properties was more. The plates containing 
• fungi were incubated at 28±1 oc for 48hrs. The antimicrobial activity was noted on the 

basis diameter of growth inhibition zone. The plates were incubated at 28±2°C. After the 

required incubation period, the radial growth of the mycelia was measured and percent 

inhibition over control was calculated. Minimum inhibitory concentration (MIC) value of 

the test fungicides was also determined. 
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3.5.9: Thin layer chromatography plate bioassay 

TLC originally developed from a need to separate chemical mixture. In TLC, the 

stationary phase is coated as a thin (1.0 mm) layer on a glass or metal plate foil plate that 

is then placed in a reservoir of mobile phase. The various substances move from the spot 

at different rate and is deposited in the absorbent layer in the different position. The 

movement of a given analytic is characterized by retardation factor (Rr). 

3.5.9.1: Preparation and activation of TLC plates 

The stationary phase (silica gel G as slurry) was applied to glass plates, using a 

plate spreader (applicator) that made a uniform layer of I mm thickness. Glass plates 

(20cmx I 0 em) were dipped into chromic acid to remove all dirt and grease from the glass 

plates. The glass plates were washed in distilled water and thereafter, they were arranged 

on a platform of 1 OOcm x 20 em length. Seventy gram silica gel G was added in 1 OOml 

distilled water, shaken vigorously and then poured in the slot of TLC applicator. A coat 

of silica gel (lmm thick) was applied on TLC plates using the applicator. Then the plates 

were dried at room temperature and kept for the further use. 

TLC plates were activated at 70°C for 45 minutes in a hot air oven. Activated 

plates were allowed to cool down at room temperature. The extracted samples were 

applied as spots at one end at !.Scm from the edge of the plate. The sample loaded plates 

were kept in a glass chamber containing solvent [chloroform-methanol (9: 1) and hexane

ethyl acetate- methanol (60:40:1) respectively]. When solvent moved up to !Scm from 

the point of sample application, plates were taken out from solvent chamber and air dried 

until solvent evaporated completely. Spore suspension was prepared using Richard's 

solution in place of distilled water and poured in an atomizer. The TLC plates were 

placed in upright position and sprayed with suspended spores in media. The plates were 

incubated in humid chamber for 48 to 72 hrs. The spores germinated on plates keeping 

clear zones of growth inhibition. The diameter and Rr values of inhibition zones were 

recorded if any. 

3.5.9.2: Phytochemical analysis 

Different extracts of plant samples were spotted (1 OJ.!l containing 1 OOJ.!g/ml crude 

extract) on pre-coated silica gel 60 F2s4 aluminum TLC plates (Source: SRL, India, Silica 

gel 60 F254; Particle size: - 325 Mesh). TLC plates were subjected to linear ascending of 
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solvent system of hexane: ethyl acetate: methanol in the ratios of 60:40:1 (v/v). When 

solvent moved up to 8 em from the point of sample application, plates were taken out 

from solvent chamber and air dried until solvent evaporated completely. The 

chromatograms were dried by flowing hot air to remove the remaining solvents. The 

plates were then sprayed with different chromogenic spray reagents. The detection of 

phytochemical constituent was done under UV light (Dmax at 254 nm and 365 nm) as well 

as by spray reagents. The spray reagents were prepared in laboratory by standard protocol 

(Wagner and Bladt, 1996). 

3.5.9.2.1: Column Chromatography 

Concentration of the extracts from the Soxhlet apparatus afforded a brown 

gummy mass, which was subjected to column chromatography over silica gel (Source: 

SRL, India; Particle size: 60-120 Mesh). Elution with appropriate solvents by a solvent 

gradient system with gradually increasing the polarity of solvent mixture afforded 

different fractions, which were concentrated by evaporation. Each fraction was analyzed 

by TLC plate bioassay. The semi-purified fraction showed antifungal activity in bioassay. 

The fraction was further purified by extensive column chromatography over silica and the 

major fraction (approx. 15 mg) was analyzed by UV-Vis, IR and NMR (1H- and 13C-) 

spectroscopy. 

3.5.9.2.2: Spectroscopic analyses 

UV spectroscopic analyses of the sample were done in UV-160AIUV-visible 

recording spectrophotometer, Shimadzu, Japan. IR analysis was done in Shimadzu-8300, 

Japan. Finally NMR ctH- and 13C-) spectroscopy was done in Broker-A V 300, Germany. 

3.5.10: In vivo application of botanicals in fruits and vegetables. 

In vivo application of potential leaf extracts were done following the method of 

Hadizadeh et al. (2009) with some modifications. Healthy fruits were collected and 

surface sterilized as stated in case of pathogenicity (Section 3.4). 

Tomatoes and oranges: Thirty tomatoes (each 5 em in diameter) and thirty 

oranges (each 7 em in diameter) were wounded by a sterile scalpel at equidistant spots on 

the equatorial regions of the fruits. Altogether ten scratches were made on the peel of the 

fruits. Each scratch was 10 mm long and approximately 2 mm deep. The leaf extracts 

were sprayed to fruits until runoff. Ten fruits in three sets were taken in three trays. One 
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set of fruits were kept 'scratched- uninoculated', second set was 'scratched- inoculated' 

and third set was 'scratched -treated (with leaf extract) and inoculated'. Tomatoes were 

inoculated with Alternaria alternata (isolate AaT at conidial concentration of 5xl 04 

spores /ml) and oranges were inoculated with Fusarium moniliforme (at conidial 

concentration of lxl05 spores /ml). The tomatoes and oranges were kept at 20° C for 12 

days and disease was assessed after 6 days intervals. 

Pineapple: Five pine-apples (each 12 em in diameter and 18 em in length) were 

taken for each set and three different sets were kept in three different sterile glass 

chambers. Each pineapple was scratched at twenty different equidistant spots on the 

circumference of the fruits in two rings. Thus altogether I 00 scratched spots were there 

for each treatment. Size of the spots and inoculation procedures etc. were similar with 

that of oranges and pineapples. Pineapples were inoculated with Altrnaria alternata 

(isolate AaP at conidial concentration of lx104 spores /rnl). The glass chambers 

containing pineapples were kept at 25°C for 12 days and disease was assessed at 6 days 

intervals. 

Similar experiments were also performed with spray of pathogenic bacterial 

suspensions instead of fungal spores in all the three fruits. 

Percent inhibition of damage was calculated in case of leaf extract 'treated and 

inoculated' fruits in comparison to untreated inoculated fruits by the formula as stated 

below: 

[(Area damaged in untreated fruits - area damaged in pretreated fruits)/area damaged in 

untreated fruits]x 100. 

3.6: Evaluation of antagonists 

3.6.1: Dual culture test for screening and evaluation of antifungal fungal antagonist 

Microbial antagonists were screened following the dual culture method of 

Johnson and Curl (1972) for their bio control potential. In this technique, both the test 

pathogen and bio control agents were grown simultaneously in the same plate. Mycelial 

discs ( 4 mm) cut from 15 days old cultures of the pathogen and of a biocontrol agent 

were placed aseptically into the peripheral region of a sterile PDA Petri plate (90 mm) in 

a straight line but opposite to each other and incubated at 28±1 °C. Radial growth of the 

pathogen and the biocontrol agent were measured after the desired incubation period and 
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percent inhibition (in comparison to control where no biocontrol agent was placed) was 

determined for each experiment. 

3.6.2: Dual culture test for screening and evaluation of antifungal bacterial 

antagonist 

For in vitro screening of antagonistic bacteria against post harvest fungal 

pathogens dual culture technique was followed where a 4 mm diameter mycelial disc of 

fungal pathogen was inoculated at the centre of a petriplate (90mm diameter) containing 

PDA media and the 24-h-old culture of the test strain of bacterial isolate was streaked in a 

semicircle pattern at a distance of 4cm from the centre. A control plate was kept where 

only mycelia disc of fungal pathogen was inoculated. The plates were incubated at 

28±2°C and checked for inhibition zones after every alternative day till the fungal growth 

in the control plate reached the edge of the plate. 

3.6.3: Dual culture test for screening and evaluation of antibacterial bacterial 

antagonist 

For in vitro screening of antagonistic bacteria against post harvest bacterial 

pathogens, dual culture technique was followed where a bacterial pathogen and 

antagonist bacterial strain were streaked perpendicularly at the centre of a petriplate 

(90mm diameter) containing NA media in such way that they did not touch each other. 

Inoculated plates were again incubated at 37±1 oc for 48 h (Dubey and Maheshwari, 

2002). A control plate was kept where only bacterial pathogen was inoculated. 

3.6.4: Evaluation of crude culture filtrates of the antagonists 

Culture filtrate of fungal antagonists was collected from I 5 days old cultures 

grown in PDB in I 00 ml Erlenmeyer flasks. Culture fluid was filtered through cheese 

cloth and fmally centrifuged at 3000rpm and the supernatant was subjected to filter 

sterilization. One ml of filter sterilized culture supernatant was mixed with 9 ml of sterile 

molten PDA in a petridish and allowed to solidify. One mycelial disc of 4 mm in 

diameter was cut from the advancing zone of a culture (maintained in petridishes) was 

placed on solidified PDA medium at the centre. In control set I ml of sterile distilled 

water and 9 ml of molten PDA media was poured. The control plates were also 

inoculated with mycelial discs as mentioned in case of culture fluid supplemented 

petridishes. All the petridishes were incubated at 28± 1 °C. 



3.6.5: Molecular characterization of antagonist bacteria 

3.6.5.1: Isolation of genomic DNA by CTAB method 
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Procedure: Cells were grown in Nutrient broth and incubated over night at 30' C 

at 120 rpm. The tubes were then chilled on ice for 5 min. Each lml culture was taken in 

1.5ml microcentrifuge tubes, pelleted at 10,000 rpm for 10 min at 4'C. The supernatant 

was discarded and the pellet was re-suspended in TE buffer. Cell suspension was 

transferred to a clean centrifuge tube and Proteinase K (1 Orng/ml) and 10% SDS were 

added to it and mixed well. The mix was incubated at55°C for 16 hours. 1% CT AB in 

IM NaCl and 5 M NaCl were added to the samples, mixed well and incubated at 65°C 

for 10 min. Next, the mixture was centrifuged at 12,000 rpm for 10 min at 4'C 

temperature. Then the clear solution was transferred to a clean eppendorf tube and cell 

debris was discarded. Then aqueous phase was transferred and 0.6 vol. 70% ethanol 

(chilled) was added to it. Then the microcentrifuge tubes were spinned at 12,000 rpm for 

15 min. washing of pellet with 70% ethanol was repeated with addition of2 volumes of 

ethanol and spinned at I 0,000 rpm for 10 min. Then the supernatant was discarded and 

the pellet was allowed to dry for 5 - 10 min at room temperature and re-suspended in 50 

Ill ofTE buffer. 

3.6.5.2: PCR amplification of 16s rDNA using universal primers: 

Total genomic DNA was isolated by CT AB method (Gomes et at. 2000). PCR 

amplification of the 16S rDNA gene of the antagonistic bacterial isolates was 

performed in 25j.ll reaction using the following conditions: initial denaturation at 94 oc 
for 5 min followed by 35 cycles of denaturation at 94°C for I min, annealing at 49°C for 

2 min, extension at 72°C for 2 min and a final extension at n'c for 7 min on a thermal 

cycler (Applied Biosystems GeneAmp PCR 2400). 

The primers used were: Fl (positions 8 to 27 of E. coli numbering system) 

5'-AGAGTTTGATCATGGCTCAG-3'and Rl (positions 1509 to 1491 of E. coli 

numbering system) 5'- GGTTACCTTGTTACGACTT.-3' (Weisberg et at., 1991). 

PCR product was resolved on 1% agarose gel containing ethidium bromide (0.5j.lg/ml) at 

50V for I h in IX TAE (Tris-Acetic acid EDTA) buffer. The amplified product was 

purified using PCR purification Kit (Bangalore Genei, Bangalore, India) and was 

sequenced at Bangalore Genei Sequencing Services. Similarity searches of the sequences 
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were carried out using the BLAST function of GenBank (Altschul et a/. 1990; Tamura, et 

a/. 2007). 

3.6.6: Characterization of antimicrobial metabolites produced by the bacterial and 

fungal antagonists: 

3.6.6.1: Cellulase (Kumar et al., 2005): M9 medium agar amended with 1 Og of cellulose 

and 1.2g of yeast extract per litre of distilled water was used to test the cellulase activity. 

Wells were cut on 90mm diameter cellulose agar plates and to it lOOJ.!l bacterial culture 

filtrates were poured in the wells. In case of fungal antagonists 7 days old culture filtrate 

were poured instead of bacterial culture filtrate. The plates were incubated at 3 7°C for 8 

days and observed for the formation of a clear halo after staining with Congo red 

solution (0.1 %) followed by distaining with 1M NaCl solution at an interval of lhr for 4 

times. Plates were checked for the formation of clear halo around the wells that indicated 

positive result for Cellulase production. 

3.6.6.2: Pectinase: 1 Og pectin and 1.2g yeast extract were amended in M9 medium agar 

and it was used for inoculation of bacterial strains or fungal blocks. The plates were 

flooded with 2M HCl after 2 days of incubation at 28°C. Clear halos around the colonies 

were considered as positive for Pectinase production. 

3.6.6.3: Lipase: Lipase medium containing lOg peptone, 5g NaCl, O.lg CaC12, lml 

Tween 80 and 20g agar dissolved in 1 OOOml of distilled water was used to check the 

lipase production. It was used for inoculation of bacterial strains and incubated over 

night. Clear zones around the colonies indicated positive result. 

3.6.6.4: Phosphatase: Bacterial culture was streaked onto Pikovskaya' s agar medium. 

Phosphatase activity was determined by the development of a clear zone in after 2-5 days 

of incubation of assay plates at 28°C. In case of fungal antagonists, mycelial: blocks 

were inoculated onto Pikovskaya's agar medium. Phosphatase activity was determined by 

the development of a clear zone in after 2-5 days of incubation of assay plates at 28± 1 °C. 
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3.6.6.5: Chitinase: Chitinase activity was observed by the method of Kohli et al. (2002). 

Bacterial strain was grown overnight in nutrient broth and culture was centrifuged at 

10,000 rpm for 15 min. In case of fungi fungal mycelia was grown for 96 hours in potato 

dextrose broth and culture was centrifuged at 10,000 rpm for 15rnin. Culture supernatants 

were filtered through 0.2J.Lm diameter cellulose acetate filter paper (Sartorius) and 100J.Ll 

of the filtered sample was used for detection of chitinase activity in M9 media 

supplemented with glycol chitosan . Positive result was indicated by the presence non

fluorescent lytic regions under UV light source. M9 media supplemented with glycol 

chitosan. 

3.6.6.6: Detection of Microbial Siderophore (fungal): 

The Chrome Azurol S (CAS) agar is a mixture of 4 solutions that were prepared 

and sterilized separately before mixing. Solution 1(Fe-CAS. indicator solution) consisted 

of 10ml of 1mM FeCb.6H20 (in 10mM HCl), 50 ml of aqueous solution of CAS 

(1.21mg/ml) and 40ml of aqueous solution of HDTMA/CTAB (1.82mg/ml). Solution 2 

(buffer solution) was prepared by dissolving 30.24gm of PIPES in 750ml of salt solution. 

The distilled water was added to bring the volume to 800ml after adjusting the pH to 6.8 

with 50% KOH. The solution was autoclaved after adding 15 g agar. Solution 3 contained 

2 g glucose, 2 g Mannitol, and trace elements in 70 ml distilled water. Solution 4 was 30 

ml filter sterilized 10% (w: v) casamino acid. At 50°C after autoclaving solution 3 and 4 

were added to the buffer solution. Solution 1 was added last with sufficient stirring to mix 

the ingredients. This mixture yielded blue to dark green colour (Husen, 2003). 

The greenish coloured medium was inoculated with a fungal block and incubated 

for 5-7 days. Orange halo around the fungal culture corresponds to positive result. 

3.6.6.7: Detection of Microbial Siderophore (bacterial): 

The CAS agar was prepared as mentioned in section -3.6.6.6. Bacteria cultures 

were inoculated on the surface of CAS agar plates and incubated overnight at 30°C. 

Siderophore production was detected by the presence of orange halo around the colonies. 
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3.7: Scanning electron microscopy (SEM) 

Preparation of sample for electron microscopy and observation: 

Biocontrol bacteria were streaked in U-shaped manner at a distance of 40 mm 

diameter from the centre in a petriplate containing PDA. One circular mycelial block of 4 

mm in diameter of the pathogen were carefully placed at the centre of the petri plate. One 

separate plate was also inoculated by the fungal pathogen and was treated as control. 

Both the plates were incubated at 28± 1 oc until the mycelia in the control plate (pathogen 

only) reached the edge of the petriplate. One cover slip was carefully placed between 

the fungus and bacteria (bacteria-fungus interaction zone of dual culture) in the 

experimental plate. The cover slip was removed after fungal mycelia grew over the cover 

slip and fmally subjected to following treatment. Fungal mycelia were fixed with 2.5% 

glutaraldehyde solution for 1 hour. Glutaraldehyde was removed by slight decanting. 

Then 50% ethanol was added to the interaction zone on the cover glass and allowed for 5 

minutes incubation. After 5 minutes 50% ethanol was replaced by 70% ethanol and it was 

also incubated for 5 minutes. In the similar way 70% ethanol was replaced by 90% 

ethanol. After 15 minutes again 90% ethanol was added and incubated for another 15 

minutes. Finally the cover glass was dipped in absolute alcohol. After the absolute 

alcohol treatment the cover glass was air dried and coated with gold. Gold coating was 

performed IB2-ion coater (Japan). The cover glass was then observed in scanning 

electron microscope [Model : Hitachi S-530 (Japan) 1986] with appropriate 

magnification. 

3.8: Statistical analysis 

Some of the statistical analysis was done using Smith's statistical package 

(version 2.5). The package was developed by Dr. Gray Smith, Pomona College, 

Claremont-9171l,USA. In some other cases statistical Package for the Social Sciences 

(SPSS), version 11.0, SPSS Inc., Chicago, Illinois were also used. 



3.9: Preparation of Media chemicals and reagents 

3.9.1. Chrome Azurol S (CAS) agar 

3.9.1. 1. Solution l(Fe-CAS indicator solution): 

lmMFeCI].6HzO (in lOmMHCI) 

CAS solution (1.2lmg/ml) 

HDTMA solution (1.82mg/ml) 

3.9.1. 2. Solution 2: 

PIPES buffer 

Distilled water 

pH 

3.9.1. 3. Solution 3: 

glucose 

Mannitol 

Distilled water 

3.9.1. 4. Solution 4: 

10% (w: v) casamino acid 

3.9.2: DNase Test media (Himedia): 

DNase Test Agar 

Distilled Water 

3 0 ml (filter sterilized) 

lOrn! 

50ml 

40ml 

30.24 gm 

750ml 

6.8 

2gm 

2gm 

70ml 

42.lg 

1000 ml 

The ingredients was dissolved; pH was adjusted to 7.3, sterilized at 121°C for 15 min 

and distributed aseptically to sterile petriplates. 

3.9.3. Gelatin Media: 

Gelatin 

Peptone 

Beef Extract 

Yeast Extract 

Distilled water 

The above mixture was heated to dissolve; and sterilized at 121 oc for 20 min. 

12g 

0.5g 

0.3g 

O.lg 

lOOm! 
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3.9.4. MR-VP broth: 

Peptone 7.0 g 

Potassium phosphate 5.0 g 
Dextrose 5. 0 g 
Distilled water 1000 ml 
The ingredients were steamed until the solids were dissolved, and adjust to pH6.9 and 

sterilized at 115°C for 1 0 min. Half of the media was used for VP tests. 

3.9.5. M9 agar basic media: 

Sodium hydrogen phosphate 

Potassium hydrogen phosphate 

Ammonium chloride 

NaCl 

CaCh 

MgS04}H20 

Thiamine HCl 

Yeast extract 

Distilled water 

All the ingredients were heated to dissolve completely. 

3.9.6. Nutrient Agar (HiMedia) 

6.0g 

4.5g 

l.Og 

O.SOg 

15.0mg 

245.0mg 

10.0mg 

1.2g 

1000 ml 

28gms of the media was suspended in 1 000 ml of distilled water according to the 

manufacturer's protocol. It was boiled to dissolve the medium completely and sterilized 

by autoclaving at 15 lbs pressure (121 °C for 15 min). 

Peptic digests of animal tissue 

Sodium chloride 

Beef extract 

Yeast extract 

Agar 

Final pH (at 25°C) 

5.0 g 

5.0 g 

1.5 g 

1.5 g 

15.0 g 

7.4±0.2 
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3.9. 7. Nutrient Broth (Himedia) 

13 gms was suspended in 1 OOOml of distilled water. It was boiled to dissolve the medium 

completely and sterilized by autoclaving at !Sibs pressure (121°C for 15 min). 

Peptic digest of animal tissue 

Sodium chloride 

Beef extract 

Yeast extract 

Final pH (at 25°C) 

3.9.8. Nitrate Broth: 

KN03 

Nutrient Broth 

5.0 g 

5.0 g 

l.Sg 

1.5 g 

7.4±0.2 

1.0 g 

IOOOml 

KN03 was dissolved in the nutrient broth and distributed into tubes containing inverted 

Durham tubes and sterilized at I 21 °C for 15 min. 

3.9.9. ONPG Broth: 

ONPG 

O.OIM-Na2HP04 

6.0 g 

1000 ml 

ONPG (0-nitro-phenyl-D-ga!actopyranoside) was dissolved in the phosphate solution 

(pH-7.5) at room temperature and sterilized by filtration. 

ONPG solution 250m! 

Peptone water 750 ml 

ONPG solution was aseptically added to the Peptone water and distributed in 2.5 ml 

volumes iu sterile test tubes. 

3.9.10. Pikovskaya's Agar 

Yeast extract 0.5 g 

Dextrose 10.0 g 

Calcium phosphate 5.0 g 

Ammonium sulphate 0.5 g 

KCI 0.2 g 

MgCh 0.1 g 

MuS04 0.0001 g 

FeS04 O.OOO!g 



Agar 

Distilled water 

15 g 

1000 ml 
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All the ingredients were heated to dissolve completely and then sterilized at 121 oc for 

15min. the media was distributed into sterile petri plates. 

3.9.11 Potato dextrose broth (PDB) 

Peeled potato 

Dextrose 

Distilled water 

40.0g 

2.0 g 

lOOm! 

Peeled potato in required amount was boiled in distilled water. The potato broth was 

collected by straining through muslin cloth and then required amount of dextrose was 

added. Finally, the medium was sterilized at 15 lb p.s.i. for 15 minutes. 

3.9.12. Potato dextrose agar (PDA): 

Peeled potato 

Dextrose 

Agar 

Tap water 

pH 

400.0 g 

20.0 g 

20.0 g 

1000 ml 

6.0 

Peeled potato was cut into small pieces and boiled in required volume of tap water. The 

mixture was filtered through muslin cloth and the extract was mixed with dextrose and 

agar and heated in order to dissolve all the ingredients. The media was then sterilized at 

121 oc for 15min. 

3.9.13: Peptone water: 

Peptone 

NaCl 

Distilled water 

pH 

10.0 g 

5.0 g 

IOOOml 

7.2-7.4 

The solids were dissolved by heating in water and pH of the solution was adjusted to 8.0-

8.4 and boiled for 10min, the mixture was filtered and adjusted to pH 7.2-7.4 and 

sterilized at 121 °C for 15 min. 



3.9.14. Phenylalanine decarboxylase Agar: 

DL-Phenylalanine 

Yeast extract 

NazHP04 

NaCl 

Agar 

Distilled water 

2.0 g 

3.0 g 

1.0 g 

5.0 g 

20.0g 

lOOOml 
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The ingredients were dissolved by heating in water, filtered and dispensed into tubes and 

then sterilized at 121 oc for 15 min. Test tubes were solidified in a slanting position to 

give a long slope. 

3.9.15. Pseudomonas Agar (For Fluorescein) (HIMEDIA): 

37.3 g of the dehydrated medium along with 10.0 ml of glycerol was dissolved in 1000 

ml of distilled water according to the manufacturer's protocol; the media was then heated 

and sterilized at 121 oc for 15min and dispensed into sterile petriplates. 

3.9.16. Richard's solution/medium (RM) 

KN03 

KH2P04 

MgS04, ?H20 

FeCl3 

Sucrose 

Distilled water 

10.0 g 

5.0 g 

2.5 g 

O.Q2 g 

50.0 g 

1000 ml 

All the constituents were mixed with required amount of distilled water. Constituents 

were then dissolved by stirring and sterilized at 121 oc and 15 lb p.s.i. for 15 minutes. 

3.9.17. Soil extract agar (Cowan and Steel, 1993) 

Preparation of soil extract: 5.0 g of soil was dried and sieved through fine mesh (No. 9). 

Air dried soil was suspended in 180 ml of distilled water and sterilized by autoclaving at 

15 lbs pressure (121°C for 15 min) and allowed to settle down overnight (turbidity was 

removed by adding CaCOJ).Water was then removed by filtration through the Whatmann 

filter paper (Grade-II). 



Peptone 

Meat extract 

Agar 

Soil extract 

5.0 g 

3.0 g 

20.0g 

IOOOml 
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The above ingredients were heated to dissolve completely, pH was adjusted to 5.4 

(soil pH) and sterilized by autoclaving at 15 lbs pressure (121°C for 15 min). The media 

was dispensed into sterile petriplates. 

3.9.18. Simmon's Citrate agar: 

(N~)HP04 

KzHP04 

NaCl 

Sodium citrate 

MgS04, 7Hz0 

Bromothymol blue 

Agar 

Distilled water 

pH 

1.0 g 

1.0 g 

5.0 g 

2.0 g 

0.2 g 

0.08 g 

15.0 g 

1000 ml 

6.9 

The solids were dissolved by heating and then distributed into test tubes and then tubes 

were sterilized at 121 oc for 15 min. 

3.9.19. Skim milk agar: 

Skim milk powder 

Agar 

Distilled water 

100.0 g 

15.0 g 

1000 ml 

Skimmed milk and water were taken in a corked bottle & agar and water were taken in a 

separate bottle. Then both, were autoclaved at 121 oc for 15 min. The two mixtures were 

added to each other, mixed well and poured into sterile petriplates. 

3.9.20. Starch agar: 

Starch (soluble) 

Peptone 

Beef extract 

Agar 

20.0g 

5.0 g 

3.0 g 

15.0 g 



Distilled water 

pH 

1000 ml 

7.0 

The above mixture was heated to dissolve; and sterilized at 121 oc for 20 min. 

3.9.21.Triple Sugar Iron (TSI) Agar: 

Meat extract 

Yeast extract 

Peptone 

Glucose 

Lactose 

Sucrose 

FeS04.?H20 

NaCl 

Na2S203.SH20 

Agar 

Distilled water 

Phenol red (0.2% aq. soln) 

3.0 g 

3.0 g 

20.0 g 

1.0 g 

10.0 g 

10.0 g 

0.2 g 

5.0 g 

0.3 g 

20.0 g 

IOOOml 

12 ml 
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The mixture was heated to dissolve the solids in water and the indicator solution was 

added, mixed and dispensed into tubes. The media was sterilized at 121 oc for 15 min and 

cooled to form slopes with deep buts, about 3cm long. 

3.9.22. Tryptone broth: 

Tryptone 

Sodium chloride 

Calcium chloride (I M) 

Distilled water 

3.9.23. Tween 80 media: 

Peptone 

NaCl 

CaCh.2H20 

Agar 

Distilled water 

10.0 g 

5.0 g 

1.0 g 

1000 ml 

10.0 g 

5.0 g 

O.lg 

20.0g 

1000 ml 
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The ingredients were dissolved by steaming and pH was adjusted to 7.4. It was sterilized 

at 121 oc for 15 min and cooled to 40-50°C. 

Tween 80 was filter sterilized and 10 ml of it was added aseptically to flask to give a final 

concentration of 1% and then dispensed into petriplates. 

3.9.24. Urea media 

Peptone 1.0 g 

NaCI 5.0 g 

KH2P04 2.0 g 

Agar 20.0g 

Distilled water 1000 ml 
/ 

The solids were dissolved by heating and adjusted to pH 6.8, filtered and sterilized at 

121 oc for 15min. 

Glucose 

Phenol red, 0.2% aq. soln 

1.0 g 

6ml 

The above ingredients wete added to the molten base, steamed for lh and cooled to 50°C. 

Urea, 20% aq. Soln. lOOm! 

Urea was sterilized by filtration and added aseptically to the base cooled at 50°C. The 

medium was aseptically distributed into sterile petriplates. 

INDICATORS AND REAGENTS: 

3.9.25. Methyl Red indicator: 

Methyl red 

Ethyl alcohol (95%) 

Distilled water 

0.1 g 

300.0 ml 

200.0 ml 

Methyl red was dissolved in alcohol, distilled water was added and the mixture was 

filtered. 

3.9.26. Phenol Red indicator: 

Phenol red 

Ethyl alcohol (95% 

Distilled water 

0.2 g 

500.0 ml 

500.0 ml 

Phenol red was dissolved in alcohol, distilled water was added and the mixture was 

filtered. 



3.9.27. Nitrate test reagents: 

3.9.27.1 Solution A 

0.33% sulphanilic acid was dissolved in 5N-acetic acid by gentle heating. 

3.9.27.2 Solution B 

0.6% dimethyl-a-naphthylamine was dissolved in 5 N-acetic acid. 

3.9.28. Oxidase test reagents: 

1% a-naphthol in 95% ethanol. 

3.9.29. Kovac's reagent: 

p- dimethylaminobanzaldehyde 

Amyl alcohol 

Cone. HCl 

5.0g 

75ml 

25 ml 
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The p-dimethylaminobenzaldehyde was dissolved in alcohol by gentle warming in a 

water bath (about 50-55°C), cooled and then the acid was added to cone. HCl with care. 

The solution was stored at 4°C in dark. 

3.9.30. Gram Staining Reagents: 

3.9.30.1.Crystal violet 

3.9.30.2 Lugol's Iodine 

3.9.30.3 Safranine 

Preparation of spray reagents 

3.9.31. Vanillin -sulphuric acid (VS) 

3.9.31.1 ethanol vanillin (solution-I) 

Micro Master Laboratories PVT LTD 

Micro Master Laboratories PVT LTD 

Merck-India. 

3.9.31.2 ethanolic suphuric acid (solution-H) 

1% 

10% 

3.9.32. Catalase test reagent: 

H202 Solution 

3.9.33. Voges-Proskauer test reagents: 

3.9.33.1 a-naphthol solution (in ethanol) 

3.9.33.2 KOH aqueous solution 

3.9.34. Salkowski's Color Development Reagent: 

FeCh 

Perchloric Acid 

3-6% 

5% 

40% 

0.05M 

35% 

FeCh was added to Perchloric Acid to produce the Salkowski' s reagent. 
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4. Experimental 
4.1: Introduction: 

North Bengal is situated in between the mighty Himalayas and the sacred river 

Ganga. North Bengal stretches to the east up to the border of Bangladesh & Assam and to 

the west up to Bihar & Nepal. Production of tropical and subtropical fruit crops is 

possible due to its ecological conditions. Major horticultural crops of North Bengal are 

orange, tomato and pineapple etc. During the past years, there has been a great 

development in cultivation and production of horticultural products. As tropical and 

subtropical fruits are perishable due to their characteristic shapes, structure, high water 

content, appearance, physiological characteristics, and growing conditions, the harvested 

losses are also very high. Research and application of technology for storage, transport, 

and packaging of fruits after harvest are behind production growth in this region and 

many tropical and subtropical fruits have not been studied and handled adequately. 

In the present study, three different fungal pathogens and three different bacterial 

pathogens of fruits and vegetables (orange, tomato, and pineapple) were selected to 

control by the antagonists and botanicals. Initially the selection have been made from 3 7 

fungi and 76 bacteria isolated from 9 different vegetables (potato, brinjal, tomato, 

cucumber, papaya, carrot, bean, peas, onion) and 6 different fruits (pineapple, orange, 

banana, apple, mango, guava). Details of the isolation procedures have been described in 

materials and methods (section: 3 .2). The results of the initial screening have been 

presented in the table (4.1). Post harvest diseased fruits and vegetables were collected 

from different markets of North Bengal. After selection of the six pathogens it was 

necessary to confirm their pathogenicity in different varieties of their hosts. Hence 

pathogenicity of the pathogens was performed on some of the cultivated varieties of the 

respective hosts. From the pathogenicity results susceptible fruit varieties against eac!). 

pathogen was selected for future studies. The results of the pathogenicity of the selected 

three pathogens have been presented in the section 4.9. 



Plate 1: fig. a: Isolated pathogen of Fusarium moniliforme in PDA slants; 
fig. b: Sporulated culture ofF moniliforme in PDA plate; fig. c: Inoculated 
orange by F moniliforme fig.d: Naturally infected orange by F moniliforme 
fig. e: Harvested orange at Garubathan, Jalpaiguri. 
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4.2: Characterization and identification of fungal pathogens 
Isolated fungal pathogens were grown in potato dextrose agar (PDA) media as 

described in details in material and methods section: 3 .2.1.1. From diseased fruits and 

vegetables, a portion of the affected tissue was picked up by a long sterile forceps 

aseptically and inoculated in the PDA. The fungal cultures thus obtained were sub

cultured and grown for seven days for good sporulation. The morphological characters of 

the three fungi were studied in details in slants and petriplates. Microscopic studies were 

performed following !acto-phenol-cotton blue staining. 

Table 4.1: Post harvest diseased fruits and vegetables of North Bengal studied. 

Fruits and vegetables No. of isolated bacteria No. of isolated fungi 

Potato 6 2 

Brinjal 4 3 

Tomato 7 4 

Cucumber 5 2 

Papaya 3 2 

Carrot 2 3 

Bean 3 2 

Pees 2 I 

Onion 5 3 

Pineapple 7 3 

Orange 8 5 

Banana 6 3 

Apple 5 2 

Mango 7 3 

Guava 6 2 

4.2.1: Studies of morphology of Fusarium moniliforme 

Fusarium moniliforme, isolated from orange were white in colour. In agar culture 

fungus grows as white mycelial mat. With maturity, a tinge of pink colour was found 

(Plate I, fig b). The hypha is septate and branched when young. With advancement of 

growth a tinge of pink colour appears which becomesdarker at maturity. 



Plate 2: fig. a: Isolated pathogen of Alternaria alternata (AaT) in PDA 
slants; fig.b: Sporulated culture of A.alternata (AaT) in PDA plate; 
fig.c: Naturally infected tomato by A.alternata (AaT)fig.d: Harvested 
tomato at Haldibari ,Coochbehar 



Plate 3: fig.a : Isolated pathogen of Alternaria alternata (AaP) in PDA 
slants; fig.b: Sporulated culture of A.alternata (AaP) in PDA plate; 
fig.c: Naturall y infected pineapple by A.alternata (AaP) 
fig.d: Harvested pineapple at Bidhannagar, Darjeeling. 



72 

For microscopic observations, mycelia were taken in microscopic slide from pure 

culture and stained with cotton-blue in !acto-phenol. The slides were mounted with cover 

glass, sealed and observed under microscope. Two different types (micro and macro 

conidia) of conidia were found. The micro conidia were born terminally on short hyphae. 

They were small elliptical or curved 2 celled structures. Macro conidia were formed on 

mature hyphae. Macro conidia were long, curved pointed at the top and with 3 to 4 septa. 

4.2.2: Studies on morphology of Alternaria alternata (isolate AaT) 

Alternaria a/ternata (AaT) isolated from tomato did not turn completely black but 

blackish mycelia were intermingled with white mycelial mat. Mycelia when grown on 

tomato is white but at later stages of infection it turns black and visible on damaged 

portion of the host tissue (Plate 2,fig c). Alternaria alternata (AaT), the isolated pathogen 

of tomato, was grown in PDA and PDB media and morphology of the pathogen along 

with mycelial growth was observed. Profuse sporulation of the fungi was observed in 

PDA. 

For microscopic observations, mycelia were taken in microscopic slide from pure 

culture and stained with cotton-blue in !acto-phenol. The slides were mounted as stated 

earlier. Immature mycelia were hyaline in colour but on maturity it became gray in 

colour. Conidia of the fungus were obclavate to beaked and brownish in colour having 

transverse and longitudinal septa. Conidia were produced from simple septate 

conidiophores in simple or branched acropetal chains. The length and breadth of mature 

conidia were 10-20 J.lm and 6-8 J.lm respectively. The diameter of the mature hyphae 

ranged between 3-5 J.lm. 

4.2.3: Studies on morphology of Alternaria alternata (isolate AaP) 

Hyphae when growing on pineapple is white but damaged skin of pineapple turns 

black from characteristic golden yellow colour of the pineapple fruits of north Bengal. 

Alternaria alternata (AaP), the isolated pathogen of pineapple, was grown in PDA and 

PDB media and morphology of the pathogen along with mycelial growth was observed. 

Profuse sporulation of the fungi was observed in PDA (Plate: 3, fig. b). Alternaria 

alternata (AaP) grows as white mycelia but with maturity it becomes blackish when 

grown on pineapple fruits. 
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For microscopic observations, mycelia were taken in microscopic slides from 

pure culture and stained with cotton-blue in !acto-phenol. The slides were mounted with 

cover glass and were observed under microscope. Fungal mycelia were profusely 

branched and septate and light brown in colour. Spores or conidia were produced 

exogenously on ·conidiophores. Conidiophores were not recognisable. Conidia were large 

and dark coloured, several celled and beaked. The septa dividing the spores into cells 

were both transverse and vertical. The length and breadth of mature conidia were 8-16 

1-1m and 4-6 !liD respectively. The diameter of the mature hyphae ranged between 3-5 !liD. 

4.3: Morphological and biochemical tests for characterisation of the isolated 

bacterial pathogens (Xantlwmonas sp., Pseudomonas syringae, and Erwinia sp.) and 

antagonist bacteria (Lysinibaci//us spllaericus and Pseudomonas sp.) 

Bacterial pathogens and antagonists were grown in nutrient agar (NA) media. 

The bacterial cultures thus obtained were sub-cultured and grown in NA and NB 

medium. The morphological characters of the three bacteria were studied in details 

following appropriate bacterial staining or tests as required for specific results. Details of 

the procedure have been described in materials and methods (section: 3.3.1.). Similarly 

biochemical tests were also performed with specific tests as mentioned in materials and 

methods in section: 3.3.2. 

4.3.1: Morphological characterisation of isolated bacterial pathogen and antagonist 

For morphological characterisation of bacteria (that were originally isolated from 

the diseased portion of fruits and vegetables like orange, tomato, pineapple and from 

soil), a number of specific studies in plates and slants were performed. In some cases 

slides were prepared and observed microscopically following specific staining. Details of 

the techniques have been mentioned in the materials and methods sections: 3.3.1. The 

results have been presented in table (4.2) and (4.5). All the isolates of bacterial pathogens 

were Gram negative and rods in shape. 

4.3.2: Biochemical characterisation of isolated bacterial pathogens and antagonists 

For biochemical characterisation of the bacteria various tests were performed. 

Details of the techniques have been mentioned in the materials and methods sections: 

3.3.2. The results have been presented in table (4.2) to (4.5). 
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All the selected pathogens tested were aerobic as they grew in the upper layer and middle 

layer of the medium. No submerged growth was visible. 

Table4.2: Morphological and cultural characteristics of three bacterial pathogens 

(Xalltlzomonas sp., Pseudomonas syringae and Erwinia sp.). 

Character of study Xanthomonas sp. Pseudomonas Erwiniasp. 
syrim!ae 

Shape Rod Rod Rod 

Size 0.3-0.7X1.2 J.lm 0.5- O.Sx l.3J.!m 0.8-2.0X'0.4-0.6J.!m 

Gram nature Gram negative Gram negative Gram negative 
Aerobic in Aerobic in nature Aerobic in nature 
nature 

Motility Motile Motile Motile 

Growth Moderate Fast growing Moderate 

Form Flat Irregular Flat 

Surface Smooth Smooth Smooth 
Agar plate and mucoid 
character Elevation flat Flat Raised 

In broth Turbid Turbid Turbid with white 
sediment 

Colour Whitish gray/off Whitish Whitish grey 
white 

Pseudomonas syringae was cultured in 'Pseudomonas Agar media' and fluorescence was 

also observed. Bacterial strains were streaked on Pseudomonas Agar (for Fluorescein) 

plates and incubated at 30°C for 24 hours. The plates were then observed under UV light 

for presence of fluorescence. 
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Table4.3: Biochemical characteristics of three selected bacterial pathogens (Xantlwmonas 
sp., Pseudomonas syringae and Erwinia sp). 

Bacterial strains 

Biochemical Characteristics Pseudomonas Erwinia sp. 
Xanthomonas sp. 

syringae 

Pigment production - - -
Indole production - - -

Methyl Red - - + 

VP test + - -
Citrate utilization + + -

Acid production in TSI agar + + + 
Gelatin hydrolysis + + + 

Oxidase + - + 
Catalase + + + 
Urease - - -

Nitrate reduction + - -
Starch hydrolysis + + -
Casein hydrolysis - +' + 

Phenylalanine decarboxylase - - -
Tween 80 hydrolysis 

+ + + 

DNase production - + -
Acid from Glucose 

+ + + 

Acid from Fructose 
+ + + 

Acid from Sucrose 
+ + + 

Contd ...... 
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Table4.3 (Contd.): Biochemical characteristics of three selected bacterial pathogens 
(Xantlwmonas sp., Pseudomonas syringae and Erwinia sp.). 

Bacterial strains 

Biochemical Characteristics Pseudomonas Erwinia sp. 
Xanthomonas sp. 

syringae 

Acid from Dulcitol + - -
Acid from Galactose + + + 

Acid from Rhamnose - - -

Acid from Raffinose + - -
Acid from Maltose - - -

Acid from Lactose + + -
Acid from Xylose - - + 
.. '+': pos1hve '-': negative 

On the basis of the characters (morphological and biochemical) presented in 

different sections above, three bacterial pathogens were identified in the laboratory 

following Bergey's Manual of Determinative Bacteriology (Holt et al, 1994). Thus, the 

bacteria were identified as Xanthomonas sp. (isolated from orange), Pseudomonas 

syringae (isolated from tomato) and Erwinia sp. (isolated from pineapple). 

The characters common to all the three bacteria were production of acid and gas 

from glucose, fructose, sucrose, galactose (Plate: 4). Tween 80 hydrolysis test were 

performed for lipolytic activity of the bacteria. All the three bacteria were lipolytic 

activity positive and they produced acid in TSI agar. All the three bacteria were catalase 

positive but they showed negative results in pigment production, indole production and 

phenylalanine decarboxylase tests. All the three bacteria were also negative in 

production of acid from rhamnose, xylose and urease. 



Citrate utilization test Methyl Red test 

Voges Proskauer test Acid Production from Glucose 

Acid Production from Sucrose Triple Sugar Iron test 

Plate 4: Results of some biochemical tests performed for 
pathogenic bacteria. 
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Out of the three bacteria tested Xanthomonas sp. and Erwinia sp. was insensitive 

to nitrate reduction and deoxyribonuclease production. But showed positive results in 

citrate utilization (Plate: 5). 

Only Erwinia sp. showed the positive results in acid production from xylose, 

Raffinose, Dulcitol, Methyl Red and VP test. Erwinia sp. also showed negative results in 

case of Starch hydrolysis (Plate: 5). 

Pseudomonas syringae was found negative in methyl red test, VP production, 

citrate utilization, urease and acid from lactose in contrast to other two bacteria. 

Pseudomonas sp also produced acid from maltose in contrast to other two bacteria tested. 

(Bergey's manual). 

Table4.4: Morphological and cultural characteristics of two bacterial antagonist 

(Lysinibacillus spltaericus, Pseudomonas sp.) 

Character of study 
Lysinibacillus 

Pseudomonas sp. 
sphaericus 

Shape 
Rod Rod 

Gram nature Gram positive Gram negative 
Aerobic in nature Aerobic in nature 

Motility Motile Motile 

Growth Moderate Fast 
growing 

Agar plate. 
Form Flat Irregular 
Surface Smooth Smooth 

character 
Elevation Flat flat 
In broth Turbid Turbid 
Colour off white Whitish 



Urease Production test Starch Hydrolysis test 

Casein Hydrolysis test Nitrate Reduction test 

Plate 5: Results of some biochemical tests performed for pathogenic 
bacteria. 
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Table4.5: Biochemical characteristics of two selected bacterial antagonist 
(Lysinibacillus sphaericus and Pseudomonas sp.) 

TESTS 
Lysinibacillus sphaericus Pseudomonas sp. 

(SBI) (SB2) 
Indole - -

Methyl red - -
VP + + 

citrate + + 
gelatinase + -
Caseinase + + 

urease + + 
Catalase + + 
oxidase + + 

phosphatase - -
Chitinase - -
cellulase + -

Acid production in TSIA - + 

Starch hydrolysis + -
Pectinase - -

ONPG + + 
Siderophores + + 

Nitrate reduction + + 
Phenyl alanine - -decarboxylase 

Sugar fermentation-
Glucose + + 
Maltose + -
Lactose - -

Galactose - -
Fructose + + 
Sucrose + + 

Raffinose - +/gas 
D-Arabinose + -

xylose + + 
Similarly morphological biOchemical charactenst1cs of antagomstic bactena 

(Table: 4.4 and 4.5) were also analysed and which led us to identify the organisms as SB I 

(seems to be Bacillus sp.) and SB2 (Pseudomonas sp.) SBI was further analysed for 16S 

rDNA studies. The results of 16S rDNA studies have been presented in section: 3.6.5;plare:G. 



Lysenlbacllles 
sphaericus 

Caseinase production test 

ONPG test 

Urease production test 

Acid Production from fructose Citrate utilization 
test 

Plate 6: Results of some biochemical tests performed for antagonistic bacteria. 
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4.4: Screening of potential antifungal botanicals against Fusarium moniliforme, 
Alternaria alternata (AaT) and Alternaria alternata (AaP) 

To develop a complete eco-friendly method for controlling fungal and bacterial 

pathogens of diseased fruits and vegetables botanical extracts were tested for their 

antifungal efficacy in vitro following spore germination bioassay. Several workers have 

successfully utilized extracts of numerous plants for controlling post harvest diseases. 

Several plants were collected from different parts of sub-Himalayan West Bengal and 

study was undertaken to screen the potential antifungal activity against the pathogen. The 

procedures of aqueous and 50% ethanolic extracts preparation of the collected plants 

have been discussed in materials and methods (sections: 3.5.1 & 3.5.2). Different 

techniques of bioassays viz. spore germination bioassay, poisoned food bioassay, agar 

cup bioassay and TLC-plate bioassay have also been discussed in materials and methods 

(sections: 3.5.5, 3.5.6, 3.5.7 & 3.5.9 respectively). 

4.4.1: Spore germination bioassay to screen potential botanicals for controlling 

Fusarium moniliforme, Alternaria alternata (AaT) and Alternaria alternata (AaP) 

To screen potential antifungal activity, fifty plants were collected from different 

parts of sub-Himalayan West Bengal. Extracts of the leaves (both aqueous and 50% 

ethanolic) were prepared and used for their antifungal properties against Fusarium 

moniliforme, Alternaria alternata (AaT) and Alternaria alternata (AaP). Spore 

germination technique described by Suleman et al., (2002) was followed for the 

screening. A detail of the procedures of spore germination bioassay and preparation of 

extracts (both the aqueous and 50% ethanolic) have been discussed in materials and 

methods (sections: 3.5.1 & 3.5.2). Detailed results of efficacy of plant extracts have been 

presented in the table (4.6). Data presented in the table were calculated on the basis of the 

percent inhibition of spore germination of the three different fungi in different plant 

extracts tested. 
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Table 4.6: Percent inhibition of spore germination of Fusarium moniliforme, Alternaria alternata 

(isolate AaT) and Alternaria alternata (isolate AaP) in relation to control (when control rose to 

100) 

Fusarium Alternaria a/ternata Alternaria a/lerna/a 

Name of the plant Family 
moni/iforme (isolate AaT) (isolate AaP) 

Aquous Ethanoli Aquous Ethanolic Aquous Ethanolic 
Extract c extract Extract extract Extract extract 

Eucalyptus citriodora Myrtaceae 15 20 10 15 20 27 
Me/astoma 

Melastomaceae 82 90 90 95 90 95 
malabathricum 

Mimosa pudica Fabaceae 90 95 80 85 82 90 

Nerium indicum Apocynaceae 40 60 45 60 75 55 

Citrns aurautium Rutaceae 8 7 3 3 0 0 

Chenopodium album 
Chenopodiacea 

25 35 20 30 28 22 
e 

Solanum khasianum Solanaceae 55 
60 

20 23 32 12 

Oxalis corniculata Oxalidaceae 20 
6 45 34 27 9 

Citrus medica Rutaceae 0 0 0 0 0 0 

Datura stramonium Solanaceae 
100 

100 100 100 100 100 

Datura mete/ Solanaceae 80 
85 

75 70 80 80 

Elephantopus scaber Euphorbiaceae 00 
00 

01 05 10 07 

Tectona grandis Verbenaceae 10 
20 

00 05 10 00 

Parthenium Compositeae 80 75 05 05 10 00 
hysterophorus 

Po/yalthia /ongifolia Anonaceae 02 05 05 00 00 05 

llorreria a/ala Rubiaceae 85 
90 

80 90 80 85 

llambusa tulda Poaceae 00 
00 

00 00 00 00 

Cassia tara Caesa1piniaceae 
35 

40 15 20 05 07 

Catharanthus roseus Apocyanaceae 
18 

42 23 30 32 16 

Curcuma /onga Zingiberaceae 56 34 67 56 34 62 

Caesalpenia cuculata Caesalpiniaceae 
53 

49 33 40 24 25 

Qontd. .•. 
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Table 4.6: (contd.) Percent inhibition of spore germination of Fusarium moniliforme, Alternaria alternata 

(isolate AaT) and Alternaria alternata (isolate AaP) in relation to control (when control rose to 100) 

Fusarium Alternaria alternata Alternaria alternata 

Name of the plant Family 
monili~'orme (isolate AaT) (isolate AaP) 

Aquous Ethanoli Aquous Ethanolic Aquous Ethanoli 
Extract c extract Extract extract Extract c extract 

Cyanodon dactylon Poaceae 
00 

00 00 00 00 00 

Croton bonplandianum Euphorbiaceae 05 
00 

00 00 00 00 

Clerodendron viscosum Verbenaceae 35 
27 43 56 21 65 

Xanthium strumarium Compositae 
100 

100 100 100 100 100 

Acalypha indica Euphorbiaceae 
09 

02 II 21 09 00 

Azadirachata indica Meliaceae 39 55 25 47 53 21 

Emblica officina/is Euphorbiaceae 
38 

47 10 00 00 09 

Eupatorium odoratum Compositae 
10 

5 00 00 00 00 

Anisomeles indica 
Lamiaceae 00 00 00 00 00 00 

Elephantopus scaber Euphorbiaceae 
85 

91 79 82 56 78 

Ficus religiosa Moraceae 15 
25 

09 00 00 00 

Ecylapha alba Compositeae 5 
10 

03 05 01 00 

Floganthus thyrisuijlorus Acathaceae 10 
5 00 00 00 00 

Holarrhena 
Apocynaceae 

II 
9 02 09 32 12 antidysenterica 

Hyptis suaveolens Lamiaceae 
21 15 43 13 23 09 

Jatropha curcas Euphorbiaceae 
48 27 

65 45 67 80 

Lantana camara Verbenaceae 
19 

44 34 21 34 61 

Lagerstromiaj/os-
Lythraceae 

05 
10 31 II 43 12 

reginae 

Amaranthus spinosa Amaranthaceae 
15 20 

12 09 32 12 

Manihot esculenta Euphorbiceae 00 00 00 00 00 00 

Contd. ••• 
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Table 4.6: (contd.) Percent inhibition of spore germination of Fusarium monlliforme, Alternaria alternata 

(isolate AaT) and Alternaria altemata (isolate AaP) in relation to control (when control rose to 100) 

Fusarium 
Alternaria Alternaria 

moniliforme 
alternata (isolate alternata (isolate 

AaT) AaP) 
Name of the plant Family Aquou 

Aquous Ethanoli Aquous Ethanoli Ethanoli 
Extract c extract Extract c extract 

s 
c extract 

Extract 
Dryopteris jllix- Dryopteridaceae 

50 
60 45 55 25 29 

mass 
Laenia Lythraceae 10 5 12 17 6 9 coramendalia 

Chenopodium Chenopodiaceae 52 63 43 49 23 29 ambrosoides 

Citrus medica Rutaceae 00 00 00 00 00 00 

Camelliajaponica Theaceae 
10 

00 00 00 00 00 

Mykenic micrantha Compositae 05 05 00 00 00 00 

Coffea bengalensis Rubiaceae 00 00 00 00 00 00 

Crotalaria 
Caesa1piniaceae 00 00 00 00 00 00 mucronata 

It was evident from the results (Table:4.6) that both the aqueous and 50% ethanolic extracts of 

Xanthium strumarium and Datura stramonium completely inhibited spore germination of 

Fusarium moniliforme, Alternaria alternata (AaT) and Alternaria alternata (AaP). Botanicals 

extracted from three more plants (Melastoma malabathricum, Borreria alata and Mimosa 

pudica) were also significant in controlling spore germination of the three fungal pathogens 

tested. 

4.4.2: Antifungal effect of selected plant extracts on growth of pathogens following 
poisoned food technique 

Poisoned food technique was followed with leaf extracts (aqueous & 50% ethanolic) of 

Xanthium strumarium and Datura stramonium. Details of the procedure have been described 

in the materials and methods (section: 3.5.6) to test their antifungal activity. Radial 

measurement of growth of two plant extracts was noted in table ( 4. 7). 

From the results it was clear that aqueous and 50% etahnolic leaf extracts of Xanthium 

strumarium showed significant inhibitory effect against F. moniliforme with 82.22% and 
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85.55% (plate 7: fig. a) inhibition respectively. Leaf extracts of Datura stramonium showed 

less inhibition thanXanthium strumarium leaf extract (plate 7: fig. b, d and f). 

Table 4. 7: Effect of antifungal activity of selected plant extracts on the growth of F.monllifonne, A. 

altemata (isolate AaT) and A. altemata (isolate AaP) (following poisoned food technique) 

Fusarium Alternaria Alternaria 

Type of 
moniliforme alternata (AaT) altemata (AaP) 

Plants extract 
*Radial **Percent 

Radial 
Percent 

Radial 
Percent growth 

inhibition 
growth 

inhibition growth inhibition (mm) (mm) (mm) 

Xanthium 
Aqueous 

16±1.47 82.22 33±1.05 63.33 19±0.55 78.88 
strumariu 

extract 

Ill Ethanolic 
13±0.57 85.55 29±0.86 67.77 17±1.37 81.10 extract 

Datura 
Aqueous 

19±0.95 78.88 39±0.91 56.66 21±1.51 76.66 
stramoniu 

extract 
Ethanolic 

Ill 
extract 18±1.57 80.00 34±0.97 62.22 13±1.51 78.88 

CD(5%) 2.29 1.24 0.47 

Control diameter = 90 mm; Data are mean of three replications; PDA : extract = 9: I; *Data were 
taken after 4 days of incubation. ** Percent inhibition were calculated in relation to control (where 
no inhibition of growth was recorded) · 

4.4.3: Agar cup method for detection of anti-fungal activity by Xantlzium strumarium & 

Datura stramonium 

Xanthium strumarium and Datura stramonium leaf extracts were tested following 

agar cup bioassay technique (described in section: 3.5.7) to test their antifungal activity as 

well as to determine the minimum inhibitory concentrations. Radial measurement of 

inhibition zones of different concentrations was tabulated. It was also considered 

worthwhile to determine the MIC values of aqueous and bioactive fraction of the plant leaf 

extract of the selected test plants against the three pathogens. Different concentrations of the 

extracts were prepared and were poured in agar cups or wells (5mm in diameter) and the 

lowest concentration which showed the inhibition were considered as MIC of the respective 

extracts. Table (4.8) to (4.11) indicated the minimum inhibitory concentration of each plant 

leaf extract against Fusarium moniliforme, Alternaria alternata (AaT) and Alternaria 

alternata (AaP) [Details of the experimental procedures have been described in materials 

and methods section: 3.5.7]. 



Plate 7: fig. a,c&e: PDA mixed with aqueous extract of Xanthium 
strumarium and growth of F moniliforme, A. alternata (AaT) and 
A. alternata (AaP) 
fig. b,d&f: PDA mixed with aqueous extract of Datura stramonium and 
growth ofF moniliforme, A. alternata (AaT) and A. alternata (AaP). 
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Xanthium strumarium leaf extract (aqueous) were tested against three different fungal 

pathogens (Table: 4.7). MIC values of Xanthium strumarium plant leaf extract against F. 

moniliforme, A. alternata (AaT) and A. alternata (AaP) were also determined. From the 

results it was evident that MIC values of Xanthium strumarium aqueous leaf extracts against 

F. moliniforme, A. alternata (AaT) and A. alternata (AaP) were 1.00 mg/ml; 1.00 mg/ml; 

4.00 mg/ml, respectively. 

Table 4.8: Inhibition of growth of three pathogens by different concentrations of leaf 

extracts of Xantllium strumarium (following agar cup method). 

Fusarium moniliforme 
Alternaria alternata Alternaria alternata 

(isolate AaT) (isolate AaP) 

Plant extract 
Extract Extract 

Inhibition Extract Inhibition 
Concentrati Inhibition Concentratio Concentrati 

zone zone zone on n diameter on diameter ( mg/ml) diameter ( mglml) ( mglml) (mm) (mm) (mm) 

6.00 
13±0.93 

6.00 
12±1.59 

8.00 
12±0.57 

aqueons leaf 4.00 
11±1.31 

4.00 
10±1.01 

7.00 
11±1.10 

extract of: 
2.00 

09±0.62 
2.00 

08±0.70 
6.00 

09±0.64 

Xanthium 1.00 
08±0.59 

1.00 
07±0.29 

4.00 
07±0.12 

strumarium 
0.50 

00 
0.50 

00 
2.00 

00 

control 
00 

Control 
00 

Control 
00 

CDS% 0.18 0.39 0.42 

Data are mean of three rephcat1ons 

Similarly, bioactive fraction of Xanthium strumarium leaf extract were tested 

against the three different fungal pathogens (Table:4.9). The MIC values of Xanthium 

strumarium plant leaf extract (bioactive fraction) against F.moniliforme, A. alternata 

(AaT) and A. alternata (AaP) were 100 J.lg/ml ; 200 J.lg/ml; 500J.1g/ml, respectively (plate 

8: fig. a; plate 9: fig. a and b; plate 10: fig. a and b). 

' 
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Table4.9: Inhibition of growth of three pathogens by different concentrations of 
bioactive fraction of leaf extract of Xantllium strumarium (following agar cup 
method). 

Fusarium moniliforme Alternaria alternata Alternaria alternata 

Plant 
(isolate AaT) (isolate AaP) 

Extract Inhibition Extract Inhibition Extract Inhibition 
extract Concentration Concentration zone Concentration zone zone 

( fig/m1) diameter {fig /ml) diameter (fig /ml) diameter 

(mm) (mm) (mm) 

250 17±0.90 500 20±1.53 
1250 

13±0.40 
bioactive 

fraction of 200 16±1.01 400 18±0.93 
1000 

11±0.76 
leaf extract 

of: 150 14±2.00 300 15±0.46 
750 

9±0.55 

100 13±0.90 200 12±0.40 
500 

7±0.40 
Xanthium 

strumarium 50 00 
100 

00 250 00 

control 
0.00 

Control 
00 

Control 
00 

CDS% 0.23 0.39 0.34 

Data are mean of three replications 

Datura stramonium (aqueous leaf extract) were also tested for their antifungal 

activity against the three selected fungal pathogens [F. moniliforme, A. alternata (isolate 

AaT) and A. alternata (isolate AaP)]. Details of the results have been presented in table 

(4.10). Minimum inhibitory concentrations (MIC) of Datura stramonium aqueous leaf 

extract against F. moniliforme, A. alternata (isolate AaT) and A. alternata (isolate AaP) 

were 0.50mg/rnl; 2.00mg/ml ; 5.00mg/ml respectively. 

Similar experiments were also performed for evaluation of antifungal activity of 

Datura stramonium leaf extract (bioactive fraction) against F. moniliforme, A. alternata 

(AaT) and A. alternata (AaP). Details of the results have been presented in table 4.11. 

From the results it was evident that all the three fungi tested showed reduced growth in 

presence of bioactive fraction of Datura stramonium leaf extracts (almost in all the 

concentrations). From the results minimum inhibitory .concentrations of the leaf extracts 

were also determined and it was fqund to be 200 J.Lg/ml; 300 J.Lg/ml; 550J.Lg/ml (Table: 

4.11) respectively against F. moniliforme, A. alternata (AaT) and A. alternata (AaP) 

[(plate 8: fig. b; plate 9: fig. c and d; plate 10: fig. c and d)]. 
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Table4.10: Inhibition of growth of three pathogens by different concentrations of leaf 
extract of Datrura stramonium (followine: ae:ar cuo method). 
Plant extract Fusarium moniliforme Alternaria alternata Alternaria alternata 

(isolate AaT) (isolate AaP) 

Extract Inhibition Extract Inhibition Extract Inhibition 

Concentration zone Concentration zone Concentration zone 
(mg/ml) diameter (mg/ml) diameter (mg/ml) diameter 

(mm) (mm) (mm) 

Aqueous leaf 3.00 12±1.10 3.SO 11±0.9S 8.00 17±0.93 

extract of: 
2.00 ll±l.S4 3.00 09±0.78 7.00 14±1.1S 

1.00 08±0.53 2.SO 08±0.57 6.00 11±1.07 
Datura 
stramonium o.so 07±0.1S 2.00 07±0.06 s.oo 08±1.73 

0.2S 00 4.00 00 4.00 00 

control 00 control 00 control 00 

CDS% 1.12 0.23 0.22 

Data are mean ofthree replicatiOns 

Table4.11: Inhibition of growth of three pathogens by different concentrations of 
bioactive fraction of leaf extract of Datura stramonium (following agar cup method). 

Fusarium moniliforme Alternaria alternata Alternaria alternata 

(isolate AaT) (isolate AaP) 

Plant extract 
Extract 

Extract Inhibition Extract Inhibition 
Concentratio Inhibition 

zone Concentration zone Concentration zone 
n 

( 11g/ml) diameter (l!g /ml) diameter (l!g /ml) diameter 

(mm) (mm) (mm) 

soo 13±1.41 600 17±1.18 1000 
14±0.99 

bioactive 
fraction of leaf 

400 12±0.70 soo 1S±0.70 
7SO 

12±l.SS 

extract of: 300 11±1.31 400 13±0.87 
600 

11±0.47 

200 09±0.9S 300 09±1.00 
sso 

09±1.00 Datura 

stramonium 100 00 
200 

00 soo 00 

Control 
00 

Control 00. Control 
00 

CDS% LOS O.S3 1.21 

Data are mean of three replications 



SOJ.lg/ml 

Control 

200Jlg/ml 

Plate 8:fig.a: Assessment of antifungal act1v1ty of 
bioactive fraction of Xanthium strumarium leaf extract 
against Fusarium moniliforme 
fig.b: Assessment of antifungal activity of bioactive 
fraction of Datura stramonium leaf extract against 
F moniliforme. 



Plate 9: fig.a&b: Assessment of antifungal actiVIty of bioactive 
fraction of Xanthium strumarium leaf extract against Alternaria 
alternata (AaT) 
fig.c&d: Assessment of antifungal activity of bioactive fraction of 
Datura stramonium leaf extract against Alternaria alternata (AaT). 



600j.ig/ml 

Plate 10: fig.a&b: Assessment of antifungal actlvtty of 
bioactive fraction of Xanthium strumarium leaf extract against 
Alternaria alternata (AaP) 
fig.c&d: Assessment of antifungal activity ofbioactive fraction 
of Datura stramonium leaf extract against Alternaria alternata 
(AaP) 
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4.5: Fungicide sensitivity test. 

Two commonly used fungicides were tested for their efficacy against the three fungal 

pathogens. Bioassay was done taking five different concentrations of two different fungicides 

'Bavistin' and 'Roko'. It was also considered worthwhile to determine the MIC value of the 

fungicides tested against the three pathogens and to compare with the botanicals found to be 

potential in the present study. The five different concentrations were selected on the basis of 

their activity for determination of minimum inhibitory concentrations of the fungicides against 

the three selected fungi. Minimum inhibitory concentrations (MIC) were measured following 

standard techniques (Suleman et al. 2002; Saha et al. 2005a) as described in the materials and 

methods (section 3.5.8). Minimum inhibitory concentrations (MIC) were also determined 

against the three selected fungal pathogens of the present study. All the three [Fusarium 

moniliforme, Alternaria alternata (AaT) and Alternaria alternata (AaP)] fungal pathogens 

showed growth inhibition zones around agar cups containing effective concentrations of the 

fungicides. The lowest concentration which could inhibit growth of a fungi, were considered as 

MIC of that fungicide against the fungi tested. 

Different concentrations of the fungicides were prepared by serial dilution of the 

fungicide solutions. Separate PDA plates, after solidification, were inoculated with I ml of 

spore suspension of Fusarium moniliforme or Alternaria alternata (AaT) or Alternaria 

alternata (AaP). Spore suspension was spread uniformly on the agar surface by a glass 

spreader. Three to four agar cups or wells (of 5 mm diameter) were made on the inoculated 

plates aseptically and 50 Ill fungicides of different concentrations were poured in the wells. 

The wells were marked and the plates were incubated at 28 ±I ° C in an incubator. The plates 

were observed after four days of inoculation and the least concentration in which the 

pathogenic fungi could not grow were considered as minimum inhibitory concentration. The 

results of agar cup bioassay against fungal pathogens have been presented in table-4.12 and 

table-4.13. 

Five different concentrations of fungicide (Bavistin) were assessed for their efficacy 

against fungal pathogen Fusarium moniliforme. The test concentrations were 0.25, 0.50, 1.00, 

1.50 and 2.00 mg/mi. Bavistin (1.00 mg/ml) was the minimum concentration to inhibit growth 

of the fungi (Table: 4.12; plate 11: fig. a). 



0.50 mg/ml 

1.00 mg/ml Control 

7 mglml 8 mg/ml 

• 
Control 

5 mg/ml 

• 
9 mg/ml 

10 mg/ml 

2 mg/ml 

4 mg/ml 

Control 

• 
Control 

Plate 11: fig.a: Assessment of antifungal activity of 
Bavistin against Fusarium moniliforme 
fig. b: Assessment of antifungal activity of Roko against 
F moniliforme 
fig. c: Assessment of antifungal activity ofBavistin against 
Alternaria alternata (AaT) 
fig. d: Assessment of antifungal activity of Roko against 
A. alternata (AaT) 
fig. e: Assessment of antifungal activity ofBavistin against 
A. alternata (AaP) 
fig. f: Assessment of antifungal activity of Roko against 
A. alternata (AaP) 
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Table4.12: Inhibition of growth of the three fungal pathogens by different concentrations 

ofBavistin (following agar cup method). 

Fungicide Fusarium moniliforme Alternaria alternata (isolate AaT) Alternaria alternata (isolate AaP) 

Concentr Diameter of Diameter of Diameter of 

ation inhibition zone 
Concentration inhibition zone Concentration inhibition zone 

(mg/ml) (rom) 
(mg/ml) (mm) (mg/ml) (mm) 

1.00 15±0.88 3.00 18±1.08 08.00 11±0.40 

Bavistin 0.50 00 2.00 00 07.00 00 

control 00 control 00 Control 00 

Data are mean of three rephcat1ons 

Table4.13: Inhibition of growth of three fungal pathogens by different concentrations of 

Roko (following agar cup.method). 

Fusarium moniliforme 
Alternaria alternata Alternaria alternata 

Fungicide 
(isolate AaT) (isolate AaP) 

Diameter Diameter Diameter 
Concentration of Concentration of Concentration of 

(mg/ml) inhibition (5g /ml) inhibition (mg/ml) inhibition 
zone zone zone 

(rom) (mm) (mm) 

Roko 3.00 16±1.24 5.00 19±1.78 10.00 15±0.64 

2.00 00 4.00 00 9.00 00 

control 00 control 00 Control 00 

Data are mean ofthree rephcat10ns 

In case of bioassay of Bavistin against the Alternaria alternata (isolate AaT) five 

test concentrations were 2.0, 3.0, 4.0, 5.0 and 6.0 mg/ml. Concentration 3.00 mg/ml was the 

minimum to inhibit the growth of the fungi (Table: 12; plate 11: fig. c). Five different 

concentrations of Bavistin (2.0, 4.0, 6.0, 8.0 and 10.0 mg/ml) were tested against another 

pathogen Alternaria alternata (isolate AaP) and MIC value of Bavistin against the fungus was 

found to be 8.00 mg/ml (Table 12; plate II: fig e). 

Similarly, fungicide roko was also used to control the three pathogens and were 

tested in the same concentrations as stated in case of bavistin. Bioassay studies ofRoko (Table 

4.13) against the Fusarium moniliforme, Alternaria alternata (isolate AaT) and Alternaria 

alternata (isolate AaP) showed minimum inhibitory concentrations were higher than Bavistin. 

MIC value ofRoko was 3.00 mg/ml against F. moniliforme (Table 13; plate II: fig. b). MIC of 
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Roko against the two Alternaria alternata isolates (isolate AaT and isolate AaP) was 5.00 mg/ml 

(Table: 13; plate II: fig. d).and 10.00 mg/ml (Table: 13; plate II: fig. f) respectively. 

From the results it was evident that both the fungicides (Bavistin and Roko) were 

effective but Bavistin was better than theRoko as the minimum inhibitory concentration ofRoko 

was higher than that of Bavistin. If the fungicides are compared with the two plant extracts, it is 

clear that the leaf extracts (Xanthium strumarium and Datura stramonium) are more effective. 

4.6: Agar cup method for detection of anti-bacterial activity by Xantltium 
strumarium & Datura stramonium and determination ofMIC 

Xanthium strumarium and Datura stramonium leaf extracts were tested following 

agar cup bioassay technique (section: 3.5.7) to test their antibacterial activity as well as. to 

determine the minimum inhibitory concentrations. Radial diameters of inhibition zones, 

surrounding the agar cup, containing different concentration of leaf extracts, were recorded. 

MIC value was determined from the results of agar cup bio-assay. Aqueous and bioactive 

fraction of selected plant leaf extracts were tested for their efficacy against the three pathogens. 

Results have been presented in the table ( 4.14) to table ( 4.17). Each plant leaf extract was tested 

(againstXanthomonas sp., Pseudomonas syringae and Erwinia sp.). 

Different concentrations of the botanicals were prepared by serial dilution of the 'aqueous 

leaf extracts' or 'bioactive fraction of leaf extracts' of two plants (Xanthium strumarium and 

Datura stramonium). One millilitre of bacterial suspension were mixed with 19 ml of NA 

media and finally plated in sterile petridish. After solidification three to four agar cups or wells 

(of 5 mm diameter) were made on the inoculated plates aseptically. 50 Ill of aqueous leaf 

extracts or bioactive fraction of leaf extracts of the two plants (Xanthium strumarium and 

Datura stramonium) at different concentrations were poured in the wells. The wells were 

marked and the plates were incubated at 32±1 ° C in an incubator. The plates were observed after 

48 hours of inoculation and the least concentration in which the pathogenic bacteria could not 

grow were considered as minimum inhibitory concentration. The Results of agar cup bioassay 

against bacterial pathogens have been presented in table (4.14) to table ( 4.17). 

Different concentrations (0.50, 0.75, 1.00, 1.50, 2.00 and 2.50 mg/ml), were made from 

the aqueous extract of Xanthium strumarium. All the three pathogenic bacteria were tested 

against the five different concentrations of Xanthium strumarium aqueous leaf extracts. The 

results of the tests have been presented in table ( 4.14). From the table it is evident that MIC 



90 

values of Xanthium strumarium (aqueous leaf extract) against Xanthomonas sp, Pseudomonas 

syringae and Erwinia sp. are 0.75mg/ml, l.OOmg/ml, and 1.00 mg/ml respectively. 

Similarly, bioactive fraction of the Xanthium strumarium leaf extracts was also tested for 

their efficacy against the three bacteria Xanthomonas sp, Pseudomonas syringae and Erwinia 

sp. Details of the results have been presented in the table (4.15). From the tabulated values the 

minimum inhibitory concentrations were found to be 50f!g/ml; 125f!g/ml and lOOf!g/m (plate12: 

fig. a and b; plate13: fig. a and b; plate14: fig. a and b) respectively against the three isolated 

bacterial post harvest pathogens (Xanthomonas sp., Pseudomonas syringae. and Erwinia sp.). 

Table 4.14: Inhibition of growth of three bacterial pathogens by different concentrations of 
leaf extracts of Xantltium strumarium (following agar cup method). 

Plant extract Xanthomonas sp. Pseudomonas syringae Erwiniasp. 

Extract Inhibition Extract Inbibition Extract Inbibition 
Concentration zone Concentration zone Concentration zone 
(mglml) diameter (mglml) diameter (mglml) diameter 

(mm) 
' 

(mm) (mm) 

Aqueous 2.00 15±0.72 2.50 12±1.16 2.50 11±0.81 
leaf extract 

1.50 13±0.85 2.00 10±1.65 2.00 09±1.19 of: 

1.00 I 1±0.72 1.50 09±0.41 !.50 08±0.21 

Xanthium 0.75 09±0.72 1.00 07±0.41 1.00 07±0.21 
strumarium 0.50 00 0.50 00 0.50 00 

control 00 control 00 Control 00 

CDS% 0.42 0.18 0.35 

Data are mean of three rephcatwns 

Aqueous leaf extracts of Datura stramonium were also tested for determining effective 

inhibitory concentrations against the three bacteria. The original aqueous leaf extract was 

diluted to different concentrations (0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 2.00 and 2.50 mg/ml) and 

tested against the three bacterial pathogens following agar cup bioassay. The details results have 

been presented in the table (4.16). MIC values of Datura stramonium (aqueous leaf extract) 

against Xanthomonas sp., Pseudomonas syringae and Erwinia sp were 0.50mglml; I.OOmg/ml; 

0.75mg/ml respectively. 
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Table4.15: Inhibition of growth of three bacterial pathogens by different concentrations of 

bioactive fraction ofleaf extracts of X strumarium (following agar cup method). 

Xanthomonas sp. · Pseudomonas syrinage. Erwiniasp. 

Plant Extract Inhibition Extract Inhibition Extract Inhibition zone 
extract Concentration zone Concentration zone Concentration diameter 

( f1g/ml) diameter (flg /ml) diameter (flg /ml) (mm) 
(mm) (mm) 

200 25±0.95 
250 17±1.38 200 16±1.31 

Bio active 
fraction of !50 22±1.55 

200 15±0.40 !50 14±0.55 
leaf extract 

of: !00 20±1.46 
!50 14±0.85 125 13±122 

50 14±0.82 125 13±0.20 100 12±0.68 
Xanthium 

stromarium 25 00 100 00 50 00 

control 00 Control 00 Control 00 

CDS% 0.53 0.44 0.20 

Data are mean of three replicatiOns 

Finally, bioactive fraction of leaf extract of Datura stramonium was tested in 

seven different concentrations (25, 50, 75, 100, 125, 150, 200 and 250 Jlg/ml) for 

determining minimum inhibitory concentrations against Xanthomonas sp., Pseudomonas 

syringae and Erwinia sp. From the results (table 4.15) MIC values were found to be 

SOJlg/ml; 1 OOJlg/ml and 75Jlg/ml respectively against the three bacteria (Xanthomonas sp., 

Pseudomonas syringae and Erwinia sp.; plate12: fig. c and d; plate13: fig. c and d; 

plate 13: fig. c and d). 
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Table 4.16: Inhibition of growth of three pathogens by different concentrations of leaf 

extracts of Datura stramonium (following agar cup method). 

Plant extract Xanthomonas sp. Pseudomonas syringae Erwiniasp. 

Extract Inhibition Extract Inhibition Extract Inhibition 
Concentration zone Concentration zone Concentration zone 

(mg/ml) diameter (mg/ml) diameter (mg/ml) diameter 

(mm) (mm) (mm) 

2.00 13±0.62 2.50 I4±0.78 2.00 10±1.32 
aqueous leaf 

!.50 11±0.70 2.00 11±0.58 1.50 09±1.12 extract of: 

1.00 08±0.32 1.50' 10±0.67 1.00 08±0.88 

Datura 0.50 07±1.20 1.00 08±0.30 0.75 07±0.45 

stramonium 0.25 00 0.50 00 0.50 00 

control 00 control 00 Control 00 

CD!J'I· 0.74 0.40 0.37 

Data are mean of three replications 

Table 4.17: Inhibition of growth of three pathogens by different concentrations of bioactive fraction 
of leaf extracts of Datura stramonium (following agar cup method). 

Xanthomonas sp. Pseudomonas syringae Erwinia sp. 

Extract Inhibition Extract Inhibition Extract Inhibition 
Plant extract Concentration Concentration zone Concentration zone zone 

( 11glml) diameter (l'g /ml) diameter (l'g /ml) diameter 

(mm) (mm) (mm) 

200 18±0.79 200 19±0.78 250 18±0.87 
Bioactive 
fraction of 150 17±0.83 150 16±0.67 200 17±0.90 
leaf extract 

of: 100 14±0.70 125 14±0.62 100 13±0.82 

50 12±0.72 100 13±0.78 75 11±0.57 
Datura 

25 00 50 00 50 00 stramonium 

control 00 control 00 Control 00 

CDS% 0.29 0.26 0.42 

Data are mean of three rephcatwns 



Plate 12: fig.a&b : Assessment of antibacterial actlvtty of bioactive 
fraction of Xanthium strumarium leaf extract againstXanthomonas sp. 
fig.c&d: Assessment of antibacterial activity of bioactive fraction of 
Datura stramonium leaf extract againstXanthomonas sp. 



150~tg/ml 

125Jiglml 

Control 

SOj.tg/ml 

Control 

Plate 13: fig.a&b: Assessment of antibacterial activity of bioactive fraction! 
Xanthium strumarium eaf extract against Pseudomonas syringae. 
fig.c&d:Assessment of antibacterial activity of bioactive fraction Datura 
stramonium leaf extract against Pseudomonas syringa e. 



Plate 14: fig.a&b: Assessment of antibacterial acttvtty of bioactive 
fraction of Xanthium strumarium leaf extract againstErwinia sp. 
fig.c&d: Assessment of antibacterial activity of bioactive fraction of 
Datura stramonium leaf extract against Erwinia sp. 
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4.7: TLC pla te bioassay for detection of antifungal properties of selected plant 

extracts. 

It was evident from the results tabulated m table (4.6) that leaf extracts of 

Xanthium srumarium and Datura stramonium were effective against Fusarium 

moniliforme, Alternaria alternata (AaT) and Alternaria alternata (AaP). Therefore these 

extracts were selected for bioassay on thin layer chromatograms to detect presence of 

specific antifungal components which would produce inhibition zones at specific 

locations (Rr). Accordingly, these extracts were spotted on pre-activated TLC plates, 

developed in a solvent and dried and bioassay was done following procedures as 

described in materials and methods (Section: 3.5.9). After completion of the experiments, 

the Rr values of the inhibition zones were recorded and zone diameters were measured 

(Table: 4.18 and 4.21 ). 

The selected plant leaf extracts (Xanthium strumarium and Datura stramonium; 

aqueous and bioactive fraction) were loaded on previously activated TLC plates and the 

plates were developed in two different solvent systems (mixtures) separately. The solvent 

systems along with the proportions of the different solvents have been given in the 

followi ng lines. Solvent system I= chloroform: methanol :: 9:1 or Solvent system II= 

hexane: ethyl acetate : methanol :: 60:40:1 respectively. Spores of Fusarium moniliforme, 

Alternaria alternata (AaT) and Alternaria a/ternata (AaP) were mixed with Richards 

solution and sprayed on the developed plates by an automizer separately. The plates were 

placed in humid chambers separately at 28± I °C for 2-3 days . Details of the techniques 

have been presented in materials and methods, section: 3.5.9. 

After 3 days of incubation the antifungal inhibition zones were observed and the 

diameter of the inhibition zones was measured. The Rr of the antifungal inhibition zones 

were also calculated and have been presented in table ( 18) to table (21 ). The plates 

showed distinct antifungal zones. 

From the table ( 4.18) it is clear that Rrof antifungal zones created by the aqueous 

Xanthium strumarium leaf extracts (separated by solvent I on TLC plates) was 0.68 

against both Fusarium moniliforme and Alternaria alternata (isolate AaP). The same 
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TLC plates when sprayed with Alternaria alternata (AaT) three antifungal zones (Zone 

1: Rr0.17, Zone 2: Rr0.68 and Zone 3: Rr0.82) were found. Similarly, partially purified 

bioactive fraction of Xanthium strumarium leaf extracts were developed in solvent-11 and 

the developed plates were subjected to TLC plate bioassay against the three selected 

fungal pathogens. Antifungal zone at Rr-0.42 was found in case of all the three bioassays 

performed (plate 15: fig. a, plate 16: fig. a plate 17: fig. a). Two additional antifungal 

zones were found at Rr -0.17 and 0. 72 in case of bioassay against Alternaria alternata 

(AaT) [plate 16: fig. a]. The diameter of the different zones were recorded and tabulated 

in the table ( 4.19). 

Table 4.18: TLC plate bioassay of aqueous leaf extracts of • Xautflium strumarium against Fusarium 

mouififorme, Afteruaria alteruata (Aa1) aud Altemaria altemata (AaP) 

Fusar;um moniliforme 
Alternaria alternata (AaT) Alternaria alternata (AaP) 

No. of inhibition 
Zones Diameter of Diameter of Diameter of 

Inhibition Rr inhibition zones Rf Inhibition Rr 
zones (mm) (mm) zones ( mm) 

Zone I 15±0.40 0.17 - -- -- --
Zone2 17±0.76 0.68 16±0.78 0.68 17±1.05 0.68 

Zone3 15±0.90 0.82 -- -- -- --
CD 51. 0"6:1 

*Crude leaf extract 100 flglml. Data are mean of three replicatiOns 
TLC plates developed in solvent system I= choloroform: methanol ::9:1 

Table 4.19: TLC plate bioassay of bioactive fraction of *Xantllium strumarium leaf 
extract against F. moniliforme, A. alternata (AaT) and A. alternata (AaP) 

Fusarium 
moni/iforme 

Alternaria alternata (AaT) Alternaria a/ternata (AaP) 
No. of inhibition 

Zones 
Diameter of Diameter of Diameter of 
Inhibition Rr inhibition Rf Inhibition Rr 

zones zones zonesmm 

Zone I 14±0"58 0.17 -- -- -- --

Zone2 
27±0.87 

0.42 
18±0.64 0.42 

19±0.38 0.42 

Zone3 -- -- 15 :!:0"46 0.72 -- --
CD 51. o·i6 



• 
Plate 15: TLC plate Bioassay fig. a: Bioactive fraction 
ofXanthium strumarium leaf extract against Fusarium 
moniliforme 
fig. b: Bioactive fraction of Datura stramonium leaf 
extract against Fusarium moniliforme 



• 
Plate 16: TLC plate Bioassay fig. a: Bioactive fraction of 
Xanthium strumarium leaf extract against Alternaria 
alternata (AaT) 
fig. b: Bioactive fraction of Datura stramonium leaf extract 
against Alternaria alternata (AaT) 



Plate 17: TLC plate Bioassay fig. a: Bioactive fraction of 
Xanthium strumarium leaf extract against Alternaria 
alternata ( AaP) 
fig. b: Bioactive fraction of Datura stramonium leaf extract 
against Alternaria alter nata (AaP) 
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*Bioactive fraction of leaf extract 100 fig/mi. Data are mean of three replications. 
TLC plates developed in solvent system II= hexane: ethyl acetate: methanol::60:40:1 

Similarly, from the table ( 4.20) it is clear that Rrof antifungal zones created by the 

aqueous Datura stramonium leaf extracts (separated by solvent I on TLC plates) were 

0.63, 0.72 and 0.81 against Alternaria alternata (AaT) respectively. When the TLC plate 

sprayed with Fusarium moniliforme one antifungal zone was found at Rt" 0. 72. Similarly, 

in case of bioassay where Alternaria alternata (AaP) were used, one antifungal zone was 

found at Rf- 0.81. 

Table-4.20: TLC plate bioassay of aqueous leaf extracts of *Datura stramonium against 

Fusarium moniliforme, Alternaria alternata (AaT) and Alternaria a/ternata (AaP) 

Fusarium 
No. of inhibition moniliforme Alternaria .d.lternata Alternaria alternata 

Zones (AaT) (AaP) 

Diameter 
Diameter of 

Diameter 
of 

Rr inhibition Rf 
of 

Rr Inhibition Inhibition 
zones 

zones zonesmm 

Zone 1 -- -- 12±0.45 0.63 -- --

Zone2 17±0.95 0.72 18±0.87 0.72 --

Zone3 14±0.56 0.81 14±0.53 
0.68 

*Aqueous leaf extracts 1 OOJ.lg/ml. TLC plates developed m solvent choloroform 
methanol ::9:1 

-
-

Finally, partially purified bioactive fraction of Datura stramonium leaf extracts 

were developed in solvent-11 and the developed plates were subjected to TLC plate 

bioassay against the three selected fungal pathogens separately. Altogether three 

antifungal zones were found in the bioassays. One antifungal zone (Rf"0.37; plate 15: b) 

was found against Fusarium moniliforme which was not found in other two cases. Two 

antifungal zones (Rf- 0.20 & 0.47; plate 16: b). were found against Alternaria alternata 

(AaT) but the other isolate of Alternaria alternata (AaP) showed antifungal zone at Rt" 

0.47 only (plate 17: b). The diameter of the antifungal zones was recorded in the table 

(4.21). 
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Table-4.21: TLC plate bioassay of bioactive fraction of *Datura stramonium leaf 
extract against F. moniliforme, A. alternata (AaT) and A. alternata (AaP) 

Fusarium 
moniliforme Alternaria alternata Alternaria a/ternata 

(AaT) (AaP) 
No. of inhibition 

Zones Diameter 
Diameter of Diameter of 

of 
Rr inhibition Rf Inhibition Rr 

Inhibition 
zones(mm) 

zones zonesmm 

-Zone I - - 06±0.50 0.20 -
-Zone2 15.3±0.36 0.37 - - -

Zone3 20±0.62 0.47 23±0.52 
0.47 - -

*B10act1ve fractton of leaf extract I 00 Jlg/ml. TLC plates developed m solvent hexane: 
ethyl acetate : methanol::60:40: I 

4.8: Study of chromatograms following spray of chromogenic reagents 

Antifungal zones on the TLC plates (showed by bioactive fraction of Xanthium 

leaf extract) were compared with a fresh TLC plate developed in the same solvent and 

sprayed with Vanillin-H2S04. From the results (Plate 18: fig. a) it is evident that the one 

zone (Zone-!, Rr-0.42) were chromogenic spray (vanillin-HzS04) positive and shows the 

indication of the antifungal constituent as terpenoid I phenolic compounds. 

- Similarly, Antifungal zones on the TLC plates (showed by bioactive fraction of 

Datura leaf extract) were compared with a fresh TLC plate developed in the same solvent 

and sprayed with Vanillin-H2S04. From the results (Plate 18: fig b) it is evident that the 

two zones (Zone-2= Rr- 0.37 & zone-3= Rr -0.47) were chromogenic spray positive and 

showed the indication of the antifungal constituent as terpenoids/ phenolic compounds. 

However the zone-! was Vanillin- HzS04 spray reagent negative. 

4.9: Structural identification ofthe antifungal compound 

The purity of the fraction from the extract of Xanthium strumarium, which 

showed potential antifungal activity, was checked on TLC (Merck aluminum plates 

coated with silica gel 60, Fzs4) with Rr = 0.42 (TLC run in a mixture of solvents: hexane: 

ethyl acetate: methanol in the ratios of 60:40:1) and developed by UV and spraying with 

chemical developer. The spectral analyses were conducted by UV-Vis (Shimadzu, 

Japan), 1R (Shimadzu-8300, Japan) spectrophotometer and by 1H- and 13C-NMR (Bruker-



Plate 18: Identification ofbioactive fraction on 
TLC plate assay by developer. 
fig. a: Xanthium strumarium leaf extract 
fig.b:Datura stramonium leaf extract 
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A V 300, Germany), operating respectively at 300 MHz and 75 MHz and using 

tetramethylsilane (TMS) as internal standard. 

Spectral analyses: 

The UV spectrum of the bio-active compound was taken in EtOH solution. A 

strong absorbance with Amax was observed at 277.4 nm indicating presence of unsaturated 

carbonyl function. The infrared absorption spectrum was run in neat and Vmax were 

observed mainly at 1758, 1750, 1660 cm-1
, which revealed the presence of carbonyl 

groups (corresponding to keto and lactone carbonyl) and C=C double bond. The 1H-NMR 

spectrum of the bio-active sample in CDCb showed several characteristic peaks that led 

to assume that the compound may have structure!- For example, two peaks at() 6.95 [d, 

J = 16 Hz, (approx.) calculated by scale measurements] and () 6.15 [d, J = 16 Hz 

(approx.)] indicate two olefinic protons coupled to each other as vicinal coupling 

attached with C-2 and C-3 having trans configuration (as noticed from high value of 

coupling constant, J). On the other hand, two vinyl protons at C-13 appeared as doublets 

(geminal coupling) at() 5.55 and 1l 6.30 ppm with J = 2 Hz (approx.). These two vinylic 

protons attached at C-13 should have different chemical shifts because of the rigidity 

around the double bond and different electronic environments. Highly deshielded proton 

resonating at p4.62 ppm (as a triplet) could be attributed to the methine proton attached 

with lactone oxygen at C-8. A sharp singlet appearing at () 2.29 ppm indicates the 

presence of one methyl group (C-15) attached with carbonyl group (i.e. COCfu). Further 

presence of the methyl group was exhibited at !>1.18 ppm as a doublet (J =7Hz), which 

could be assigned to C-14 methyl group. The 13C-NMR spectrum (fully decoupled) also 

corroborated the structure of the compound !- Thus, seven aliphatic carbons were 

displayed in the range of () 21.5 - 36.5 ppm and six olefinic carbons appeared in the 

range of() 122.6-149.5 ppm. The C-13 olefinic carbon appeared at() 122.6 ppm, as also 

observed by Dong Kil. et al., (2002) in their studies on structural identification of 

antifungal compound extracted from Xanthium strumarium. Unfortunately, because of 

low concentration of the bio-active antifungal compound, the carbonyl carbons (for the 

keto and lactone carbonyl groups) were difficult to recognize from noises. However, 

combination of all spectral data followed by analyses, as depicted above, led us to 
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Fig: 3. Ultra violet absorption spectrum of the potential antifungal 
compound isolated from leaf extract of Xanthium strumarium. The 
solvent used 100% MeOH. 
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1
H-NMR spectrum of the potential antifungal compound 

isolated from leaf extract of Xanthium strumarium. 
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Fig: 5. 13 C-NMR analysis of the potential antifungal compound 
isolated from leaf extract of Xanthium strumarium. 
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tentatively propose that the structure of the bio-active component possessing antifungal 

activity may have the chemical structure !. Further isolation, purification and spectral . 

analyses would be undertaken in future studies to establish its structure in a more 

conclusive manner. 

In summary, we have isolated and purified the extracts of Xanthium strumarium, 

which has shown potential antifungal activity towards vast array of pathogens. 

Furthermore, its chemical identity has been established through analyses of its spectral 

data. The proposed structure of the bio-active compound has been assigned chemical 

structure (!), which is also corroborated in the investigation made by Dong Ki! et al. 

(2002). 

Tentative structure of antifungal compound 
extracted from Xa11tllium strumarium 

4.10: Application of botanicals on the three fruits and assessment of disease. 

4.10.1: Application of botanicals and reduction of disease incidence in susceptible 
oranges. 

Pathogenicity test of F. moniliforme and Xanthomonas sp. were performed on 

oranges collected from different places of North Bengal with a view to get most 

susceptible oranges for future experiments. This was necessary to get most susceptible 

oranges. Altogether I 00 spots were made on the surface of ten oranges and inoculated 

with the test pathogen. The inoculation technique has been described in details in the 

materials and methods, section: 3.5.10. From the results (Table: 4.22) it is clear that all 

the oranges collected from four different places were susceptible. But oranges collected 
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from Garubathan were the most susceptible. Hence these oranges were selected for post 

harvest disease control experiments following application of botanicals. In vivo 

application of botanicals and assessment of disease incidence in the fruits following 

challenge inoculation by the pathogens were performed. Results (Table: 4.23) revealed 

that disease caused by F. moniliforme was reduced 93.13% by the application of the 

bioactive·fraction of the Xanthium leaf extract at a concentration of IOO~g/ml. At same 

concentration, Xanthium leaf extract (bioactive fraction) reduced 92.32% disease, caused 

by andXanthomonas sp. 

Table 4.22: Pathogenicity of F. moniliforme and Xanthomonas sp. collected from 

different places of North Bengal 

Orange collected 
Inoculated by F. moni/iforme 

Inoculated by Xanthomonas sp. 
from 

Percent lesion Total area ofthe Percent lesion 
Total area of the 

formed after 6 damaged tissue formed after 6 
damaged tissue 

days (necrotic lesions) days 
(necrotic lesions) 

after 6 days* (cm2
) 

after 6 days • 
(cm2) 

Mirik 
56±0.97 117±J..39 73±0.96 138±1.55 

Kalimpong 
47±0.95 120±0.95 67±1.02 127±1.37 

Garubathan 
70±1.06 174±1.35 79±0.62 150±1.51 

Lava 
41±1.19 128±0.95 51±1.46 96±1.65 

CDS% 0.61 0.72 0.97 0.64 

*Cumulative data of I 00 spots m I 0 fruits. No leswn was found m control oranges 

Table 4.23: Disease incidences (total area of necrotic lesions) following application of 

Xanthium strumarium leaf extracts in susceptible oranges collected from Garubathan area. 

Inoculated by F. moni!iforme 
Inoculated by Xanthomonas-sp. 

Total area of the damaged 
Percent 

Total area of the damaged 
Percent tissue (Necrotic lesions) tissue (Necrotic lesions) 

after 6 days ( cm2
) 

reduction in after 6 days ( cm2
) 

reduction in 
disease disease 

Untreated 
*Pre-treated incidence Untreated *Pre-treated incidence 

174.8 12.0±0.00 93.13±0.00 150.1±0.00 10.7±0.00 92.32±0.00 

*Pre-treated by spraying bioactive fraction of Xanthium strumarium leaf extract at a 
concentration of I OO~g/ml. 
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4.10.2: Application of botanicals and reduction of disease incidence in susceptible 
tomatoes. 

Pathogenicity test of A. alternata (isolate AaT) and Pseudomonas syringae were 

performed on tomatoes, collected from different tomato growing places of North Bengal. 

This was performed for getting most susceptible tomatoes. Altogether 100 spots were 

made on the surface of ten tomatoes and inoculated with the test pathogens. The 

inoculation technique has been described in details in the materials and methods section: 

3.5.1 0. From the results (Table: 4.24) it is evident that the tomatoes collected from 

Haldibari were more susceptible. 

Most susceptible oranges of Haldibari were pretreated by Xanthium strumarium 

leaf extract (bioactive fraction, concentration of 1001-!g/ml) and inoculated by the 

pathogens separate! y. Reduction in disease incidence was assessed in comparison to 

untreated-inoculated fruits. Results (Table: 4.24) revealed that disease (caused by A. 

alternata, isolate AaT) was reduced up to 88.33% by the application of the terpenoid 

fraction of the Xanthium leaf extract (at a concentration of 1001-!g/ml). The same 

experiment was also performed to control disease caused by Pseudomonas syringae. 

Disease incidence was reduced up to 91.7% in comparison to untreated-inoculated 

control set (Table: 4.25). There was no disease in the untreated-uninoculated control. 

4.10.3: Application of botanicals and reduction of disease incidence in susceptible 
pineapples. 

At the onset of this experiment pathogenicity of A. alternata (AaP) and Erwinia 

sp. were performed on pineapples collected from four different pineapple growing areas 

of North Bengal. This was done to get most susceptible pineapples. Altogether 100 spots 

were made on the surface of five pineapples and inoculated with the test pathogens. The 

inoculation technique has been described in details in the materials and methods section: 

3.5.10. From the results (Table 4.26) it is clear that all the pineapples collected from four 

different places were susceptible. Pineapples collected from Bidhannagar were most 

susceptible. 
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Table 4.24: Pathogenicity of A. alternata(AaT) and Pseudomonas syringae on tomato 

collected from different places of North Bengal. 

Tomato Inoculated by A. alternata(AaT) 
Inoculated by Pseudomonas syrinage 

collected from 

Percent lesion 
Total area of the 

Percent lesion 
Total area of 

formed after 6 
damaged 

formed after 6 
the damaged 

days 
tissue( necrotic 

days 
tissue (necrotic 

lesions) after 6 lesions) after 6 
days* (cm2

) days* (cm2
) 

Birpara 48±0.75 85.±1.47 56±1.05 !06±1.96 

Falakata 59±0.95 100±1.62 61±0.50 115±1.50 

Haldibari 69±1.08 117±2.47 77±1.03 146±1.77 

Phansidwa 
49±1.23 83±1.23 43±1.00 81±1.45 

CD s-1. 
0.75 1.84 0.80 2.18 

* Data of I 00 spots m I 0 frmts. No lesiOn was found m control tomatoes. 

Table 4.25: Disease incidences (total area of necrotic lesions) following application of 

Xantllium strumarium leaf extracts in susceptible tomatoes collected from Haldibari area. 

Inoculated by A. alternata (AaT) 
Inoculated by Pseudomonas syringae 

Total area of the damaged 
Percent 

Total area of the damaged 
Percent 

tissue (necrotic lesions) 
reduction 

tissue (necrotic lesions) 
reduction in after 6 days ( cm2l 

in disease 
after 6 days ( cm2l 

disease 
Untreated 

*Pre-
incidence Untreated *Pre-treated incidence 

treated 
!00.3±1.55 11.7±1.00 

88.33±1.55 115.7±1.04 9.6±0.90 91.7±0.92 

*data of I 00 spots m I 0 fruits. No Ieswn was found m control (untreated-unmoculated) tomatoes 

In vivo application of botanicals and assessment of disease incidence in the 

pineapple fruits following challenge inoculation by the pathogens have also been 

performed like the other two fruits. Results (Table: 4.27) revealed that A. alternata 

(isolate AaP) caused disease in the untreated-inoculated fruits. Total area of the fruits 

affected was 48.1 cm2 but when bioactive fraction of Xanthium strumarium leaf extract 
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(concentration of 100~-Lg/ml) was applied prior to inocuiation by the fungal pathogen, 

85.23% disease was reduced. Under similar conditions disease incidence caused by 

Erwinia sp.was reduced up to 90.42%. 

Table 4.26: Pathogenicity of A.alternata (isolate AaP) and Erwinia sp. on pineapple 

collected from different places of North Bengal 

Pineapple Inoculated by A. alternata Inoculated by Erwinia sp. 
collected from (isolate AaP) 

Percent lesion 
Total area of 

Percent lesion 
Total area of 

the damaged the damaged 
formed after 6 formed after 6 

days 
tissue (necrotic 

days 
tissue (necrotic 

lesion) after 6 
days* (cm2

) 

lesion) after 6 
days* (cm2

) 

Fatapukur 
30±0.58 39±0.64 39±0.95 50±0.75 

Chopra 
23±0.60 29±0.75 37±1.84 48±2.14 

Bidhannagar 
37±0.62 48±0.70 51±1.25 86±0.95 

Ghoshpukur 
34±0.62 44±0.92 43±1.15 73±0.85 

CDS% 
0.24 

1.10 1.21 0.50 

* Data of 100 spots m 5 fruits. No leswn was found m control pmeapples. 

Table 4.27: Diseases incidence (total area of necrotic lesions) following application of 
Xanthium strumarium leaf extracts in susceptible pineapples collected from 
Bidhannagar area. 

Inoculated by A. a[ternata (AaP) 
Inoculated by Erwinia sp. 

Total area of the damaged 
Percent 

Total area of the damaged 
Percent tissue (necrotic lesions) after 

reduction in 
tissue (necrotic lesions) after 

reduction in 6 days 6 days 
disease disease 

Untreated *Pre-treated incidence Untreated *Pre-treated incidence 

48.1cm2±3.28 7.1±0.91 85.23±0.91 86.7±1.21 
8.3±0.32 90.42±1.57 

*data of 100 spots m 5 fru1ts. No leswn was found m control (untreated-unmoculated) 
pineapples. 
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4.11: Isolation of bacterial and fungal isolates antagonistic to microbial pathogen(s) 

With an objective to fmd out some antagonistic soil bacteria and fungi several soil 

bacteria and fungi were isolated· from the rhizosphere of tea plants and also from 

rhizosphere of forest trees of North Bengal. Altogether, 31 bacterial and 19 fungal 

isolates were found in pure form. Isolation and purification procedures have been 

described in details in materials and methods (section: 3.2.3). The isolated bacterial 
' 

cultures were coded as SB 1-SB31 (SB stands for soil bacteria) and fungal cultures 

were coded as SF 1-SF 19 (SF stands for soil fungi). These isolates were screened for 

the presence of biocontrol activity against three fungal pathogens [viz. Fusarium 

moniliforme, Alternaria alternata (isolate AaT) and Alternaria alternata (isolate 

AaP)] and three bacterial pathogens [viz. Xanthomonas sp. Pseudomonas syrinage 

and Erwinia sp.]. The details of the results have been presented in the table (4.28), table 

(4.29) and table (4.30), [plate 19 to 25]. 
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Table 4.28: In vitro antagonistic activity of bacterial isolates against selected fungal 
pathogens (following dual culture test). 

Fungal pathogens 

Bacterial Fusarium moniliforme Alternaria alternata (AaT) Alternaria a/ternata (AaP) 

antagonist Mycelial % inhibition Mycelial o/o inhibition Mycelial o/o inhibition 

diameter (mm) of growth • diameter (mm) of growth diameter(mm) of growth 

SBI 27 70.00 35 61.11 15 76.66 
SB2 25 72.22 33 63.33 I I 74.44 
SB3 60 33.33 48 46.66 42 53.33 
SB4 41 54.44 39 56.66 51 43.33 
SB5 63 30.00 61 32.22 50 44.44 
SB6 39 56.66 35 61.1 I 40 55.55 
SB7 45 50.00 32 64.44 36 60.00 
SB8 59 34.44 45 50.00 37 58.88 
SB9 48 46.66 49 45.55 40 55.55 

SBIO 41 54.44 49 45.55 38 57.77 
SBII 39 56.66 55 38.88 47 47.77 
SBI2 43 52.22 43 52.22 42 53.33 
SBI3 52 42.22 42 53.33 40 55.55 
SBI4 62 31.11 49 45.55 32 64.44 
SBI5 61 32.22 53 41.11 59 34.44 
SBI6 49 45.55 63 30.00 48 46.66 
SBI6 40 55.55 49 45.55 62 31.11 
SBI7 38 57.77 41 54.44 34 62.22 
SB18 47 47.77 65 27.77 60 33.33 
SB19 51 43.33 43 52.22 49 45.55 
SB20 69 23.33 33 63.33 30 66.66 
SB21 59 34.44 49 45.55 40 55.55 
SB23 72 20.00 28 68.88 30 66.66 
SB24 68 24.44 43 52.22 43 52.22 
SB25 56 37.77 42 53.33 33 63.33 
SB26 51 43.33 62 31.11 59 34.44 
SB27 39 56.66 68 24.44 50 40.00 
SB28 54 40.00 51 43.33 57 36.66 
SB29 40 55.55 50 40.00 43 52.22 
SB30 34 62.22 34 62.22 40 55.55 
SB31 33 63.33 37 58.88 32 64.44 

SB=Soil bacteria; *Percent inhibition growth in relation to control = [(Diameter of growth of 
fungi in control plate - Diameter of growth of fungi in dual culture plate)/ Diameter of 
growth of fungi in control plate] X 10 



Plate 19: Bio control by antagonistic microrganism fig. a: Dual 
culture of Lysinibacillus sphaericus and Fusarium moniliforme 
fig. b: Dual culture of Pseudomonas sp. andF moniliforme 
fig. c: F moniliforme in PDA (Control) 



Plate 20: Bio control by antagonistic microrganism fig. a: Dual 
culture of Lysinibacillus sphaericus and Alternaria alternata 
(AaT) fig. b: Dual culture of Pseudomonas sp. and A. alternata 
(AaT) fig. c: A. alternata (AaT) in PDA (Control) 



Plate 21: Bio-control by antagonistic microrganism fig. a: Dual 
culture of Lysinibacillus sphaericus and Alternaria alternata (AaP) 
fig. b: Dual culture of Pseudomonas sp. and A. alternata (AaP) 
fig. c: A. alternata (AaP) in PDA(Control) 
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Table 4.29: In vitro antagonistic activity of isolated (from soil) bacterial isolates 
against selected bacterial pathogens. 

Bacterial 
Antagonist 

Bacterial pathogens 

sp. 
Pseudomonas syringae 

Erwiniasp. 

% at Growth at 
Growth at inht'bt'tt'on % inhibition . f cross point of cross pomt o 

cross point of f wth two bacterial of growth in two bacterial 
two bacterial 0 gro relation to 

in relation streaks streaks 
streaks (mm) to control (mm) control (mm) 

% inhibition 
of growth in 
relation to 

control 

SBI S TI.l4 9 76.9Z 8 77.77 
SB2 4 88.57 7 84.61 5 86.1 
SB3 24 3f.42 19 51.28 16 55.5: 

SM 17 5!.42 21 46.15 23 3, .I 
SB5 12 65.71 17 56.41 15 58.33 
SB6 l6 54.28 28 -28.20 21 41.66 
SB6 19 45.71 33 15.38 24 33.33 
SB7 12 65.71 12 69.23 15 58.33 

~~~--~14~~6o.~l~.oo-+ __ ~28~+---~28~.2o~---~25~---~30.55~ 
------sB9 10 71.42 20 4 :.71 26 27.77 

SBIO 15 5 .14 31 23.07 21 41.66 
SBiT 2i 2 !.85 3 20.51 20 44.44 
SBI2 29 I .14 21 33.33 27 25.00 
SBI3 13 62.85 10 74.35 63. 

-SBT4 I 62.85 11 56.41 12. 
SBI5 2 37.14 28 28.20 33. 
SBI6 3 11.42 29 25.64 25 30.55 

-SBi6 32 08.57 34 12.82 24 33.33 
SBI7 27 22.85 29 25.64 23 36.11 

-SBI8 2 04.00 18 53.46 17 52.77 
SBI9 11 68.57 15 61.53 15 58.33 
SB20 15 57.14 23 41.02 20 44.44 

SB2f 17 5!.42 28 28.20 22 38.88 
SB22 12 65.71 16 58.97 19 47.22 

- SB23 19 45.71 29 25.64 23 36.11 
SB24 16 54.28 21 46.15 24 33.33 
SB25 14 60.00 20 48.71 16 55.55 

-sB26 I 68.57 16 58.97 12 66.66 
SB27 15 57.14 2f 46.15 22 38.88 
SB28 24 31.42 29 25.64 20 44.44 
iffi29 I 71.42 15 61.53 12 66.6 
SB30 · 3 I 1.42 30 23.07 23 36.1 
SB31 24 3 1.42 29 25.64 24 6 !.1 

SB=Soil bacteria 



Plate 22: Dual culture of antagonistic bacteria 
and pathogen (Xanthomonas sp.) 
fig.a: Dual culture of bacterial pathogen 
Xanthomonas sp. (streaked horizontally) and 
Lysinibacillus sphaericus (streaked vertically) 
fig.b: Dual culture of bacterial pathogen 
Xanthomonas sp. (streaked horizontally) and 
Pseudomonas sp. (streaked vertically) 



Plate 23: Dual culture of antagonistic bacteria and 
pathogen (Pseudomonas sp.) 
fig. a: Dual culture of bacterial pathogen Pseudomonas 
sp.(streaked horizontally) and Lysinibacillus 
sphaericus (streaked vertically) 
fig. b:Dual culture of bacterial pathogen Pseudomonas 
syringae (streaked horizontally) and Pseudomonas sp. 
(streaked vertically). 



Plate 24: Dual culture of antagonistic bacteria 
and pathogen (Eriwina sp.) 
fig.a: Dual culture of bacterial pathogen 
Eriwina sp. (streaked horizontally) and 
Lysinibacillus sphaericus (streaked vertically) 
fig.b: Dual culture of bacterial pathogen 
Eriwina sp. (streaked horizontally) and 
Pseudomonas sp. (streaked vertically) 
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Table 4.30: In vitro antagonistic activity of fungal isolates against selected fungal pathogens. 

Fusarium moniliforme Alternaria alternata Alternaria alternata 
(isolate AaT) (isolate AaP) 

FUNGAL Mycelial % inhibition Mycelial %inhibition Mycelial % inhibition 

ANTAGONISTS diameter of growth in diameter of growth in diameter of growth in 
• • inmm relation to inmm relation to inmm • relation to 

control control control 
SF! 13 85.55 34 62.22 9 90.00 
SF2 23 74.44 46 48.88 29 67.77 
SF3 29 67.66 48 46.66 32 64.44 
SF4 56 37.77 54 40.00 48 46.66 
SF5 45 50.00 56 37.77 38 57.77 
SF6 59 34.44 19 78.88 21 76.66 
SF7 17 81.11 25 72.22 14 84.44 
SF8 48 46.66 67 25.55 66 26.66 
SF9 63 30.00 45 50.00 39 56.66 

SF!O 23 74.44 28 68.88 36 60.00 
SF!! 30 66.66 30 66.66 47 47.77 
SF12 58 35.55 54 40.00 49 45.55 
SF13 41 54.44 60 33.33 48 46.66 
SF14 32 64.44 62 31.11 54 40.00 
SF!5 51 43.33 59 43.33 62 31.11 
SF16 44 51.11 61 32.22 30 66.66 
SF17 22 75.55 42 53.33 33 63.33 
SF IS 51 43.33 39 56.66 61 32.22 
SF19 68 57.77 43 52.22 41 54.44 

Data given are after 4 days of inoculation. 

One potential antagonistic fungal genera (SF7) was identified in the laboratory 

and the identifications were confirmed by sending them to Indian Type Culture 

Collection, IARI, New Delhi. SF7 was identified as Aspergillus jlavus. Trichoderma 

harzianum (previously identified from IARI, NEW DELHI) was collected from 

molecular plant pathology and fungal biotechnology laboratory and was used in the 

present study. The two soil bacteria (SB I and SB2) were also identified. SB 1 and SB2 

have been identified (by biochemical tests) as Bacillus sp and Pseudomonas sp. The 168 

rDNA studies of SB1 (Bacillus sp) have confirmed the bacteria as Lysinibacillus 

sphaericus. The details of the molecular studies have been presented in the section: 3.6.5. 



Plate 25: Bio-control by antagomstlc microrganism fig.a: Dual culture of 
Fusarium moniliforme and Tricoderma harzianum fig.b: Dual culture of 
Fmoniliforme and Aspergillus jlavus fig.c: Dual culture of Alternaria alternata 
(AaT) and Tricoderma harzianum fig.d: Dual culture of A.alternata (AaT) and 
A. jlavus fig.e:Dual culture of A.alternata (AaP) and Tharzianum fig.f: Dual 
culture ofA.alternata (AaP) andA.jlavus. 
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In the present study Trichoderma harzianum and Aspergillus jlavus and two 

bacterial strains [SB 1 (Lysinibacillus sphaericus) and SB2 (Pseudomonas sp.)] were used 

for their efficacy against selected fungal pathogens [Fusarium moniliforme, Alernaria 

alternata (isolate AaD and Alernaria alternata (isolate AaP)] and bacterial pathogens 

(Xanthomonas sp., Psedomonas syringae and Erwinia sp.). Fungal antagonist 

(Trichoderma harzianum and Aspergillus jlavus) and bacterial isolates (Lysinibacillus 

sphaericus and Psedomonas sp.) were isolated from soil and selected through dual 

culture for the present study in controlling post harvest pathogens. Trichoderma 

harzianum and Aspergillus jlavus inhibited Fusarium moniliforme, Alernaria alternata 

(AaT) and Alernaria alternata (AaP) in dual cultures. Results of dual cultures involving 

SB1 (Lysinibacillus sphaericus) or SB2 (Psedomonas sp.) as one of the cultures against 

the pathogens (separately) clearly indicated that SB2 (Psedomonas sp.) is the best 

biocontrol agent among the two bacterial antagonists. SB2 inhibited (88.57%) growth of 

Xanthomonas sp. (plate: 22, fig. b). SB1 inhibited(77.14%) growth of Xanthomonas sp. 

(Plate:22, fig. a). SB1 also inhibited growth (61.11 %) of Alternaria alternata (AaP) [ 

plate: 20, fig. a]. Alternaria alternata(AaD was least inhibited by SF1 (plate: 25, fig. c). 

Trichoderma harzianum showed highest inhibition (90.00%) over Alternaria 

alternata(AaP), [ plate: 25, fig. e]. Results of the dual culture involving the four 

antagonists clearly indicated that SF1 is the best biocontrol agent. 

4.12: Molecular characterization of antagonist bacteria (168 rDNA gene sequencing): 

A PCR product of approximately 1.5 kb was generated from the bacteria SBI. 

Sequencing of the 16S rDNA gene followed by BLAST searches revealed that SB1 

(99%) was similar to Lysinibacillus sphaericus strains. Sequence similarities between the 

isolate and other Lysi onibacillus and Bacillus strains varied from 98% to 99%. In blast 

search analysis based on these sequences, the present isolate was identified as 

Lysinibacillus sphaericus. (Plate: 26, fig. b) 



Lane 1 Lane 2 Lane 3 

Plate 26 : fig.a: Detection of genomic DNA of bacteria 
isolates in agarose gel. 
fig.b: Agarose gel electrophoresis of 16S rDNA amplified 
products. Lanes:Lysinibacillus sphaericus, 1; Pseudomonas 
sp.,2; 500bp DNA ladder, 3. 
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4.13: Effect of crude culture filtrates of fungal antagonists on the growth of 

Fusarium moniliforme, Alternaria alternata (AaT) and Alternaria alternata (AaP) 

Three fungal pathogens were allowed to grow separately in PDA mixed with 

culture filtrates (9: 1) of Trichoderma harzianum and Aspergillus jlavus as described 

under materials and methods (Section: 3.5.4.). Radial growth of the fungal pathogens was 

measured after 3 days of inoculation. Percent inhibitions in relation to control were 

calculated and the results were tabulated in table (4.31). From results it was evident that 

culture filtrate of both antagonists (viz. T. harzianum and A. jlavus) completely inhibited 

the growth of the pathogens. 

Table 4.31: In vitro effect of crude culture filtrates of fungal antagonists on the growth of F. 

moniliforme, A. alternata (AaT) and A. alternata (AaP) 

Fusarium moniliforme Alternaria a/ternata( AaT) Alternaria alternata( AaP) 

Culture filtrate of Radial growth Radial growth Radial growth 
fungal antagonists % % % 

(diameter) inhibition (diameter) inhibition (diameter) inhibition 
mm of growth mm of growth mm of growth 

Trichoderma 00 100 00 100 00 100 
harzianum 

Aspergillus 00 100 00 100 00 100 
jlavus 

* Mean of three replications. Data are after 4 days of inoculation. *** PDA: Culture 
filtrate = 9:1. .Culture filtrates were collected from 15 days old culture. **Control 
diameter = 9.0 em after I 0 days of inoculation. 

4.14: Characterization of antimicrobial metabolites produced by the bacterial and 

fungal antagonists: 

Trichoderma harzianum, Aspergillus jlavus, Lysinibacillus sphaericus and 

Pseudomonas sp. were tested for Pectinase, phosphatase and DNase activity. None of the 

tested organisms showed pectinase and phosphatase (Table: 32 & 33). All the four 

organisms were also subjected to cellulase production test, chitinase production test and 

siderophore production test. All the four organism exhibited cellulase activity (plate: 27). 

Aspergillusjlavus, Lysinibacillus sphaericus and Pseudomonas sp. produced siderophore 

'+':positive,'-':nel!:ativ;;e;:-.------~-----''--------'------_l_--_J 



Lipase Production test 

Pseudomonas sp 

DNase Production test 

Siderophore production by bacterial 
antagonists 

Siderophore production by fungal 
antagonists 

Chitinase Production test 

Plate 27: Antimicrobial metabolites produced by bacterial 
and fungal antagonists. 
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4.15. Scanning Electron Microscopic studies: 

Scanning electron microscopic studies of the interacting zones of the 

antagonistic microorganisms and pathogens were performed. The results of the study were 

recorded in photographs presented in Plates 28, 29 & 30. From the plate: 28 (fig. d and fig. e) it 

is clear that spore(s) for the antagonistic fungus (A. jlavus) attached with the hyphae of the 

pathogen F. moniliform e. In the same plate in fig f, g & h we get interaction of Pseudomonas 

sp. with F. moniliform e. Both the antagonistic organisms degraded the hyphae of the 

pathogen and checked the growth of the pathogen (F. moniliform e). 

In plate: 29, fig. b, c & fig. d show that spore(s) of A. jlavus is attached with the 

hyphae of the pathogen Alternaria alternata (isolate AaT) and damaged the hyphal walls. In 

the same plate (fig. e and fig. f) we get Pseudomonas sp is attached with the hyphae of 

Alternaria alternata (isolate AaT). Prominent damaged hyphae show cluster of bacteria. 

In plate 30: fig.c shows spores of Aspergillus jlavus attached with Alternaria alternata 

(isolate AaP). Similarly fig d shows attachment of Pseudomonas sp. with the hyphae of the 

pathogen Alternaria alternata (isolate AaP). 



Plate 28: Scanning electron micrographs. fig.a: Hyphae of 
Fusarium moniliforme; fig.b: Hyphal branching of 
F moniliforme,· fig.c: Macroconidia of F moniliforme 
fig.d: One spore of Aspergillus jlavus attached with hyphae of 
F moniliformr; fig.e: Spores of A. jlavus interacting with 
hyphae ofF moniliforme,· fig. f,g&h: Antagonistic bacteria 
Pseudomonas sp. interacting with F moniliforme. 



Plate 29: Scanning electron micrographs. fig.a: Spores of 
Alternaria alternata (AaT); 
fig.b,c&d: Spores of Asp ergillus jlavus attached with hyphae of 
Alternaria alternata (AaT),· 
fig.e&f: Antagonistic bacteria Pseudomonas sp. attached with the 
hyphae of A. alternata (AaT) . 



Plate 30: Scanning electron micrographs. fig.a&b: Hyphae of 
Alternaria alternata (AaP); 
fig.c: Spores ofAspergillusflavus attached with hyphae of Alternaria 
alternata (AaP),· 
fig.d: Antagonistic bacteria Pseudomonas sp. attached with the 
hyphae of A. alternata (AaP). 
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5. Discussion 

India loses about 35-40% of the produce due to improper post harvest 

management. A loss estimated at Rs 40,000 crores per year! India wastes fruits and 

vegetables every year equivalent to the annual consumption of the United Kingdom 

(Anonymous, 2008). 

Since, fruits and vegetables are highly perishable, efficient post harvest 

management has become an absolute necessity. In the present study three different fruits 

and vegetables have been taken into consideration for post harvest disease control. The 

three fruits and vegetables are orange (one of the major citrus fruit), tomato (although it is 

a fruit but is considered as vegetable) and pineapple. In a developing country like India, 

post-harvest losses of citrus fruits are in the range of 25-30% as against 5~10% in 

developed citrus growing countries like Brazil, USA, Australia, Spain, Italy and Israel. 

This is mainly due to the unscientific practices of picking, handling, packaging, transport 

and storage (Sonkar eta/., 2008) . 

. Orange (Citrus reticulata), tomato (Lycopersicon esculentum) and pineapple 

(Ananas comosus) are major economically important fruits and vegetables of North 

Bengal (Sub-Himalayan West Bengal). Orange, tomato and pineapple also grow well in 

different parts of North Bengal. With the increase in population and market demand, an 

increase in production of the fruits has also been noticed in recent years. Post harvest 

disease problems associated with these juicy fruits and vegetables have also been 

increased. Storage life of fruits and vegetables largely depend upon factors like cultivar, 

harvest timing, source, growing season, climate and nutritional conditions. A small loss 

can be very expensive because of the accumulated cost of growing, harvesting and 

storing of these high value commodities. 

Proper post harvest disease management is an important aspect of successful 

marketing of any crop. Like many other fruits and vegetables, orange, tomato and 

pineapple are also subject to post harvest diseases caused by many fungi and bacteria. 

The application of broad spectra of fungicides was the common practice in almost for all 

the plants to control microbial diseases. The fungicides are extremely hazardous to our 

health and environment. Therefore it's essential to adopt eco-friendly methods and to 
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control diseases caused by microbes and botanicals. With these observations the present 

work was under taken and it is likely that the results will broaden the scientific base upon 

which total control of post harvest diseases of orange, tomato and pineapple may be 

established through ari integrated post harvest disease management approach. At the 

onset of the study, several fungi and bacteria were isolated from post harvest diseased 

fruits of orange, tomato and pineapple. 

Fusarium moniliforme and Xanthomonas sp. were isolated from orange collected 

from Garubathan market situated in Jalpaiguri, North Bengal. The post harvest diseases 

caused by the above mentioned two pathogens were subjected to control in the present 

study. Eckert and Brown (1986) have reported that the diseases were present in all 

cultivars and in most citrus growing areas. It was also reported that long-term cold 

storage of the fruits was troublesome due to disease problems. Xanthomonas sp. found 

throughout all citrus growing regions. Citrus plant is attacked by a number of diseases 

like citrus canker, gummosis, citrus decline and greening etc. But citrus canker caused by 

the bacterium Xanthomonas sp., is probably the worst enemy to the citrus plantations as 

stated by A wan et al., 1992. Asiatic citrus canker induced by X axonopodis pv. citri has 

re-emerged as potential threat to citrus plantation throughout the world (Gottwald et al., 

200 I). The incipient infection of pre-harvest pathogens subsequently also manifest in the 

form of post-harvest diseases besides the attack of other post-harvest wound pathogens 

viz. Penicillium digitatum, P. italicum, Geotrichum candidum, Fusarium moniliforme 

and Xanthomonas citri etc (Naqvi, 2004). 

Alternaria alternata (isolate AaT) and Pseudomonas sp. were isolated from 

tomato collected from Haldibari (Coochbehar), a place situated in North Bengal and the 

place is renowned for cultivation of tomato. The two pathogens were used throughout the 

present study as test pathogen of post harvest diseases of tomato. Postharvest decay is the 

major limiting factor for extension of shelf life in tomato fruits. Alternaria alternata and 

Botrytis cinerea causing black and grey moulds are the two main fungi responsible for 

storage decay (Barnett and Hunter, 1998; Tohamy et al., 2004). Tomato 

commercialization is limited by rotting caused by Alternaria alternata or by Botrytis 

cinerea (Jones et al., 1993). Postharvest losses due to Bacterial Soft Rot (Erwinia, 

Pseudomonas and others), Geotrichum Sour Rot, Rhizopus Rot and Botrytis Gray Mold 



113 

were greater (Cantwell and Nie, 1996; Mitcham and Cantwell, 1995; Rushing et a/.1996; 

Sabbaa-Srur et al. 1993). The bacterium Pseudomonas syringae pv. tomato 

synonymously known as Pseudomonas tomato causes bacterial speck disease on 

tomatoes (Lycopersicon lycopersicum). In Zimbabwe bacterial speck was one of the four 

most significant diseases of tomatoes. (Dillard et al. 1994). 

Alternaria alternata (AaP) and Erwinia sp. were isolated from pineapple 

collected from Bidhannagar (Dmjeeling), North Bengal and were used for the present 

studies related to control of postharvest diseases of pineapple. Pineapple is economically 

important for the production of the fresh and canned fruit. Various diseases have been 

reported to cause severe losses in pineapple. Other than diseases of the plants the fruits 

also suffer from post harvest disease problems and that have been considered as one of 

the constraints for reduced cultivation of pineapple in several areas. Black rot of 

pineapple is caused by Chalara paradoxa is a postharvest disease. Black rot is 

responsible for high losses on fruits destined to the fresh market and to the processing 

industry (Wilson et a/., 2005). Pink disease is a bacterial infection of the pineapple fruit, 

characterized by the development of a brown color in the flesh resulting from the 

processing of fruits infected by Acetobacter aceti, Erwinia herbicola and Gluconobacter 

o:xydans. The bacteria are brought by insects to the open flowers and under favorable 

conditions they infect the ovary and reach the flesh of the fruit (Ploetz, 2009, Rohrbach, 

1988). 

Several bacteria and fungi were isolated from infected fruits and vegetables. The 

infected fruits and vegetables were collected from different places of North Bengal. 

Altogether 37 fungi and 76 bacteria were isolated from nine different vegetables and six 

different fruits. Details of the isolated fungi and bacteria have been shown in table (4.1). 

Finally, one fungi and one bacterial pathogen of each of the three different 

fruits/vegetables (Orange, tomato and pineapple) were selected for the present study. 

After verification of Koch's postulations the fungi were identified in the laboratory and 

were sent to Indian Type Culture Collection, IARI, New Delhi for confirmation of the 

identification. The details of the identification results have been presented in materials 

and methods (Table: 3.3 and 3.5). 
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The selected fungal pathogens were Fusarium moniliforme, Alternaria alternata 

(AaD and Alternaria alternata (AaP). The selected bacterial pathogens were 

Xanthomonas sp., Pseudomonas syringae and Erwinia sp. 

Shaner et a!. (1992) stated that plant pathogens exhibit considerable variation in 

cultural as well as in pathogenic characters. Hence, a thorough knowledge on the 

morphological and physiological characteristics became necessary after the pathogens 

were isolated. It also forms the basis of further studies on understanding disease , 

development, host-pathogen interaction and control of the disease caused by the 

pathogen. Hence it was considered worthwhile to know about the basic morphological 

and physiological aspects of the fungal pathogen. Therefore, a thorough microscopic 

observation of the morphological characters of mycelia and spores were performed. All 

the three fungal pathogens were found to grow and sporulate in PDA medium at room 

temperature. 

Results of microscopic study of the fungi revealed that mycelial mat of Fusarium 

moniliforme (isolated from orange) was white but with maturity, a tinge of pink colour 

appeared (Plate1:fig. b). The hypha is septate and branched when young. Two different 

types (macro and micro) of conidia were visible. The micro conidia were born terminally 

on short hyphae. They were small elliptical or curved 2 celled structures. Macro conidia 

were formed on mature hypha. Macro conidia were long, curved pointed at the top and 

with 3 to 4 septa. Rhoobunjongde eta!. (1991) showed almost similar results of Fusarium 

moniliforme. They found that fungal hyphae were hyaline. Macro conidia were present 

rarely and their appearance varied from slightly sickle or cigar shaped, 3-4 septa. Micro

. conidia were abundantly and variable on size and shape, 0-1 septa. Harrison eta!. (1990) 

studied fungal growth of F. moniliforme MRC-826 (isolated from Feeds A and B and the 

lyophilized culture) and was examined after 5 days. Visually, each culture contained 

pinkish-orange colonies with a tannish-brown underside. Balali and Iranpoor (2005) 

reported that isolates of F. oxysporum from different hosts produced white colonies on 

PDA with aerial mycelium but the lower surfaces of the colonies were pink or light to 

dark violet. They also found canoe-shaped macroconidia with 3 to 5 septa and ovoid to 

ellipsoid uni or bi-cellular, microconidia. 
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Immature mycelia of A. alternata (isolate AaT) were hyaline in colour but on 

maturity it became gray in colour (Plate:2, fig. b). Conidia of the fungus were obclavate 

to beaked and brownish in colour having transverse and longitudinal septa. Conidia were 

produced from simple septate conidiophores in simple or branched acropetal. The length 

and breadth of mature conidia were 10-20 !liD and 6-8 !liD respectively. The diameter of 

the mature hyphae ranged between 3-5 llffi· Our study was supported by similar results 

(diameter of the mature hypha were 3-5 !liD) were also reported by Maiti eta!. (2007). 

Mycelia and conidia of the fungus A. alternata (isolate AaP) were shiny black to 

brown coloured. The length and breadth of the conidia of the fungal isolate ranged 

between 10-30 llffi and 6-12 !liD respectively. Mature conidia were several celled with 

longitudinal and transverse septa (Plate:3,fig.b ). Conidia of Alternaria alternata formed 

in natural habitats usually were larger, have longer beaks, and are more uniform in size 

than those produced in vitro on common agar media as reported by Misaghi et a!. (1978). 

Slavov et a!. (2004) reported that The color of fungal (Alternaria alternata tobacco 

pathotype isolate 0-268) colonies was usually dark brown to dark olive green brown, but 

quite often lighter and almost white colonies sometimes appear under the same conditions 

with the same medium. 

Microscopic study of the bacteria revealed that all the three selected pathogenic 

bacteria grew in the upper layer and middle layer of the medium. No submerged growth 

was visible. Hence, all the three bacteria were found to be aerobic. They were catalase 

positive when grown on nutrient agar media. Our results are in agreement with some 

other workers (Bonn and Bedford, 1986; Jing- Song eta!., 1996; Laby and Beer, 1996). 

Pseudomonas syringae was cultured in Pseudomonas Agar media and florescence 

was observed when the culture was exposed to UV light. Jones (1986) observed a 

gradient of fluorescence in Pseudomonas syringae pv. tomato (P. s. tomato), P. syringae 

pv. syringae (P. s. syringae), and P. viridijlava, three foliar pathogens of tomato. They 

also separated the three pathogens by their differential capacity to fluorescence. On king 

B medium Pseudomonas produce yellow fluorescent pigment when seen under UV light. 

In the present study, the results of morphological features and biochemical 

profiles (Section: 4.2 and Table: 4.2, 4.3) of the bacterial isolates suggested that these 

were motile, glucose fermenting, Gram-negative bacilli and aerobic in nature. 
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A number of plant species have been reported to possess some natural substances 

in their leaves and bulb which were toxic to many fungi causing plant diseases. Natural 

fungi toxic substances are less harmful than chemical fungicides. The plant kingdom 

therefore has a vast potential for providing antifungal chemicals as only very few 

compounds have so far been classified and the majority remains to be explored. Sub

Himalayan West Bengal (present study area), has a thick forest cover over large areas and 

is extremely rich in diverse flora. The region has been declared as hot-spot zone with 

respect to bio-diversity (Rai and Das, 2002). 

Several authors have used plant extracts with antifungal activity to control plant 

diseases (Al-Howiriny et al., 2005; Bhandary et al., 2000; Deena and Thopil, 2000; Ali et 

al., 2001; Mittal et al., 2002; Sharma et al., 2002; Saxena et al., 2003; Saha et al., 

2005a,b,). 

Several plant species with known or unknown bioactivity have been included in 

the present study. Initially fifty different plant extracts (both aqueous and 50% ethanolic 

extract) were screened against F. moniliforme, A. alternata (AaT) and A. alternata (AaP) 

in vitro for their antifungal properties by spore germination bioassay technique. Spore 

germination is a determination factor for the pathogen during the early phase of host 

colonization. In our study, among the fifty plant extracts tested, Xanthium strumarium 

and Datura stramonium leaf extracts completely inhibited spore germination of F. 

moniliforme, A. alternata ( Aa T) and A. alternata ( AaP). Leaf extracts of other plants like 

Melastoma malabathricum, Borreria alata and Mimosa pudica also significantly 

inhibited (above 80%) spore germination of the pathogen as shown in the results 

presented in the experimental (Table: 4.6). 

In our study poisoned food assay was performed with two (Xanthium strumarium 

and Datura stramonium) selected plant extracts to further confirm their fungi toxic 

characters in vitro. Ethanol and aqueous leaf extract of two plants ((Xanthium strumarium 

and Datura stramonium) were also tested for their efficacy by poisoned food technique. 

From the results (Table:4.5) it was clear that aqueous and 50% ethanolic leaf extracts of 

Xanthium strumarium showed significant inhibitory effect against F. moniliforme with 

82.22% and 85.55% inhibition respectively in comparison to control plates. Leaf extract 

of Datura stramonium showed less inhibitory activity than Xanthium strumarium leaf 
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extract as evident from the results (Table: 4.7). Datura stramonium and Xanthium 

strumarium aqueous leaf extract also showed more than 50% inhibition of growth of the 

fungus A. alternata (AaT) in comparison to growth observed in control plates. A. 

alternata (AaP) was also controlled by the leaf extracts (aqueous and 50% ethanolic) of 

both the plants as mentioned (Table: 4.7). 

Several other studies supported that Xanthium strumarium leaf extracts have 

antifungal activity. Damayanti et al., (1996) treated pineapple fruits infested with C. 

paradoxa by X strumarium extract and found reduced disease severity. Xanthium 

strumarium was the most effective followed by Allium sativum and ethanol was suitable 

for extraction of the inhibitory substance from X strumarium. Acetonitrile was highly 

toxic to this fungus. Millipore filter-sterilized extracts had a more inhibitory effect on the 

fungus than the autoclaved samples. Floral malformation caused by Fusarium 

mangiferae is a serious threat to mango cultivation in various countries. Methanol-water 

(70/30 v/v) extracts of Datura stramonium showed strong antifungal activity against the 

said pathogen (Usha et al., 2009). Many tropical medicinal plants and species have been 

used as pest control agents (Lale, 1992). Peasant farmers and researchers often claim 

successful use of plant materials in insect pest control including vegetable oils 

(Sahayaraj, 2008) and powders of plant parts (Lajide et al., 1998). Numerous studies 

have documented about the antifungal (Suhr and Nielson, 2003; Mishra and Dubey, 

1994) and antibacterial (Cani!lac and Mourey, 2001) effect of plant essential oils. 

Examination of indigenous local herbs and plant materials have also been reported from 

around the world as evidenced from the articles from India (Ahmad and Beg, 2001 ), 

Australia (Cox et al., 1998), Argentina (Penna et al., 2001) and Finland (Rauha et al., 

2000). Higher plants contain a wide spectrum of secondary metabolites such as phenols, 

flavonoids, quinones, tannins, essential oils, alkaloids, saponins and sterols which 

showed antimicrobial activity. 

Jha and Sharma (2008) screened leaf extracts of 83 plant species (aqueous 

and autoclaved) in vitro against Rhizoctonia bataticola. A few plant species 

(Rannunculus scleratus, Xanthium strumarium, Ipomoea carnea, Ocimum basilicum and 

Eclipta alba) showed antifungal activities. The extract of R. scleretus was highly 
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effective. Among the extracts X strumarium, 0. basilicum and L carnea, had their 

effects on sclerotia. 

Khanzada (2006) showed the effectiveness of various extracts against C. 

paradoxa. Effectiveness was in the decreasing order of Meriandra bengalensis, Mentha 

piperita, Curcuma longa, Phlogacanthus thyrsiflorus, Toona ciliata, Vitex negundo, 

Azadirachta indica, Eupatorium birmanicum, Ocimum sanctum and Leucas aspera. The 

D. alba and C. procera were found effective@ 1.5 and 2% followed by C. sativus (2%) 

in reducing the mycelial growth of the fungus over the non amended control. Sclerotia! 

production was inhibited by the leaf extracts of D. alba and C. procera at the 

concentration of2% the growth. 

On the basis of the results of the present study (Table: 4.6 and 4. 7), Xanthium 

strumarium and Datura stramonium were selected for agar cup bioassay and for 

determination of their MIC (minimum inhibitory concentration). MIC was determined for 

two different extracts (crude extracts as stated above and bioactive fraction of the leaf 

extracts) of the two selected plants (Table: 4.8 to 4.11). Crude extract used throughout the 

study are the aqueous leaf extracts. Bioactive fractions were found following extraction 

technique as stated in the materials methods (section: 3.5.4.2). From the results(Table: 

4.9) it was found that minimum inhibitory concentration (MIC) of bioactive fraction of 

Xanthium strumarium leaf extracts against F. moniliforme, A. alternata (AaT) and A. 

alternata (AaP) were 100 !lg/ml ;200 !lg/ml; SOO!!g/ml respectively. 

Our results seem to be very similar to that of Kanauchi et a!., (1999). They 

showed that the extract of cocklebur (X strumarium) contains xanthatin, an antibacterial 

substance. Minimum inhibitory concentrations (MICs) of xanthatin were 12.5-100!lg/ml 

against Bacillus sp. MICs of xanthatin were 25-100 !lg/ml against Candida sp., Pichi a 

sp., Saccharomycopsis sp. and Torulaspora sp. They also suggested that xanthatin from 

cocklebur leaf extract against Bacillus sp. and some film-forming yeast may be used to 

prevent contamination in koji and during production of alcoholic beverages. 

From the results (Table 4.10 and 4.11) of the present study it was evident that 

MIC values of Datura stramonium leaf extracts against F. moniliforme, A. a/ternata. 

(AaT) and A. a/ternata (AaP) 0.50mg/ml & 200!lg/ml ; 2.00mg/ml & 300 !lg/ml ; 
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5.00mg/ml & 550J.!g/ml (respectively for aqueous extract and bioactive fraction of D. 

stramonium). 

Maja and Botha (2008) reported antibacterial activity of Plant material extracts of 

D. angustifolia; D. stramonium and Z. capense against T.forsythensis. They also reported 

that the MIC value of the extracts were within the range of0.01-10mg mr1
• Ahmed eta!., 

(2005) screened antifungal compounds (terpenoids) from the roots of the wild carrot, 

Daucus carota L. ssp. carota (Apiaceae) and found to contain a range of antifungal 

activity against Fusarium oxysporum and Aspergillus niger. Scher et a!. (2004) prepared 

a dichloromethane and a methanol extract of the liverwort Bazzania trilobata (L.) S.F. 

Gray (Lepidoziaceae) and showed their antifungal activity against the phytopathogenic 

fungi Botrytis cinerea, Cladosporium cucumerinum, Phythophthora i'!festans, 

Pyricularia oryzae and Septaria tritici due to the presence of terpenoids. From these 

extracts, Scher et a!. (2004) isolated six antifungal sesquiterpenes: 5- and 7-

hydroxycalamenene, drimenol, drimenal, viridiflorol, gymnomitrol and 

chloroisopiagiochin. Fujita et a!., (2005) isolated D. Polygodial, a sesquiterpene from 

Polygonum punctatum Elliot. (Polygonaceae) and found fungicidal activity against a food 

spoilage yeast, Zygosaccharomyces bailii. In the search for new sources of sesquiterpene 

lactones, Barrero et a!., (2000) investigated antifungal efficacy of sesquiterpene lactones 

isolated from the six Centaurea species (C. bombycina Boiss ex D.C., C. granatensis 

Boiss, C. monticola Boiss, C. incana Des£, C. maroccana Ball. and C. sulphurea Will d.) 

and activity of extracts of the plants were tested against the fungus Cunninghamella 

echinulata. They also reported that costunolide and dehydrocostunolide, two compounds 

were responsible for the antifungal activity. Skaltsa et a!., (2004) reported some other 

antifungal compounds ( 4-epi-sonchucarpolide and their 8-(3-hydroxy-4-acetoxy-2-

methylene-butanoyloxy) from other Centaurea species. (Marthanda et a! 2005) reported 

that the diterpenoids 16a-hydroxy-cleroda-3,13-(14)-Z-diene-15,16-olide and 16-oxo

cleroda-3,13-(14)-E-diene-15-oic acid isolated from the hexane extract of the seeds of 

Polyalthia longifolia (Som.) Thw (Annonaceae) exhibited antifungal activity. The 

antifungal terpenoids from medicinal species also included diterpenoids and triterpenoids. 

Some of these compounds were isolated by bioassay-guided fractionation after previously 

detecting antifungal activity on the part of the plant. Bioassay-guided fractionation of the 
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methanol and ethyl acetate extracts of two !ianas from the genus Casimirella (Miers) RA 

Howard (lcacinaceae) collected in the Suriname rainforest, has led to the isolation of five 

new diterpenoids: humirianthone, 1-hydroxy-humirianthone, 15Rhumirianthol, patagonol 

and patagonal. All the diterpenoids showed activity against phytopathogenic fungi (Adou 

et a/., 2005). 

Fungicides are a cheap and quick method to control pathogen of several diseases 

because of its direct interaction and antagonist mode of action against the pathogens. It 

either kills the pathogen instantly or minimizes the growth and proliferation of pathogen 

immediately. In the present study, minimum inhibitory concentration (MIC) of Bavistin 

and Roko were determined against the three selected fungal pathogens [F. moniliforme, A 

.alternata(AaT) and A. alternata (AaP)] of the present study. The objective of use of 

fungicides in the present study, are to compare the fungicides with that of botanicals. 

MIC values of Bavistin and Roko were I .00 mg/ml, 3.00 mg/ml respectively against F. 

moniliforme. MIC values of Bavistin and Roko against A. alternata (AaT) were 3.00 

mglml, 5.00 mglml and the same against A. alternata (AaP) were 8.00 mg/ml, 10.00 

mg/ml respectively. The details of the results have been presented in the experimental 

section (Table: 4.12 and 4.13). 

Fungicides have been used by several workers. Cabanas et a/., (2009) observed 

that 69·4% of the strains isolated from apples and pears were resistant to TBZ. Sensitive 

isolates were inhibited at 0·25--0·5 11g ml-1 whilst resistant isolates still grew at 

5121-lg ml-1
• Dipping in 1000 ppm TBZ reduced decay caused by Penicillium digitatum 

and P. italicum. Doses of 500 and 200 ppm were optimum for maintaining green buttons 

on Kinnow mandarins and lemons, respectively. Changes in ascorbic acid, acidity, and 

reducing, non-reducing and total sugars were insignificant. 

An antifungal antibiotic derived from a local strain of Bacillus subtilis (AECL-69) 

controlled Alternaria citri during storage. No residual antibiotic activity was found in 

peel or juice in Kinnow mandarins and Valencia oranges after storage at 4-5°C for 3 and 

4 months, respectively (Babu and Reddy, 1986). 

From the results it was concluded that the two fungicides (Bavistin and Roko) 

were effective only at higher concentrations if compared with botanicals extracted from 

Xanthium strumarium and Datura stramonium. 
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The antifungal activity of aqueous; petroleum ether, benzene, chloroform, 

methanol and ethanol extracts and alkaloid extract of Prosopis juliflora (Sw.) DC. Leaves 

(Mimosaceae) were evaluated for antifungal activity by poisoned food technique against 

Alternaria alternata a causal organism of brown spot of tobacco. Aqueous extract 

recorded highly significant antifungal activity at 24% concentration. Among different 

solvent extracts tested, methanol and ethanol extract recorded highly significant 

antifungal activity. Methanol extract was further subjected to fractionation guided by 

antifungal activity leading to the isolation of alkaloid extract, which was also recorded 

highly significant antifungal activity against the test fungus and the minimum inhibitory 

activity was recorded at 1000 ppm. The antifungal activity of alkaloid extract was 

compared with synthetic fungicides viz., blitox, captan, dithane M-45 and thiram at their 

recommended dosage of 2000 ppm indicating that the alkaloid extract was highly 

effective even at the dosage lesser than the synthetic fungicides (Raghavendra, 2009). 

PIS displayed potent fungicidal activity (MIC: 12.5-25 !!M) against pathogenic 

fungi, Candida albicans, Trichosporon beigelii, Aspergillus jlavus and Fusarium 

oxysporum (Lee eta/., 2004). 

Singh eta/., (1980) showed that some essential oils (extracted from Cymbopogon 

martinii, C. oliveri, C. sp.,and T. ammi) were more active than some of the prevalent 

synthetic fungicides and thus they suggested exploitation of natural fungicides following 

successful infield trials. 

Christian a,,,, Su5dn~(2008) showed that the essential oils of 18 plants possess 

antifungal properties against three common com pathogens: Penicillium, Fusarium, 

and Pythium. Five oils [cinnamon (Cinnamomumzeylanicum Blume), clove (Eugenia 

caryophyllata Thunb.), oregano (Origanum minutiflorum 0. Schwarz and P.H. Davis), 

savory (Satureja montana L.), and thyme (Thymus vulgaris L.)] completely controlled all 

three pathogens in vitro. The minimum inhibitory concentration (MIC) for all pathogens 

was 800 !!L L-1 and seedlings presented no phytotoxicity symptoms in the 

germination test at rates up to 64 !!L kg -I active ingredient (MIC x 20). 

In the present study the MIC values of Xanthium strumarium, Datura stramonium 

plant leaf extract (aqueous and bioactive fraction) against Xanthomonas sp., 

Pseudomonas syringae and Erwinia sp. were performed. From the results it was evident 
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that MIC values of Xanthium strumarium leaf extracts (crude and bioactive fraction) 

against Xanthomonas sp, Pseudomonas sp and Erwinia sp. were o,75mg/ml & SOJ.!g/ml; 

l.OOmg/ml & 125J.1g/ml; l.OOmg/ml & lOOJ.lg/ml, respectively. Similarly MIC values of 

Datura stramonium leaf extracts (aqueous and bioactive fraction) against Xanthomonas 

sp, Pseudomonas sp and Erwinia sp were O.SOmg/ml & SOJ.lg/ml ; l.OOmg/ml & 100 

J.lg/ml; 0. 75mg/ml & 75 J.lg/ml respectively. 

Several other studies have also indicated the potential of plant extracts in the 

control of diseases caused by X campestris in several important crop plants. Akhtar et 

al., (1995) tested about 208 diffusates from various plants such as forest trees, shrubs, 

herbs,. fruit seeds etc. against Xanthomonas campestris Pv. citri. and diffusates from 

various parts of Phyllanthus emblica, Acacia nilotica, Sapindus mukorossis and 

Terminalia chebula exhibited an inhibition zone 4.83-6mm at 50 g/liter appeared to be 

the most effective. Satish et al., (1999) found inhibitory effect of extracts of extracts from 

Acacia arabica, Achras zapota and from other 6 higher plants against various pathovars 

of Xanthomonas campestris. Csizinszky et al., (1993) also reported that Chamomilla 

recutita and Chamaemelum nobile extracts inhibited the growth of Xanthomonas 

campestris Pv. citri strains causing citrus bacterial canker disease. Patil and Ghoderao 

(1997) also evaluated some medicinal and aromatic plants against cotton bacterial blight 

infection and Azadirachta indica and Ipomoea carnea extracts were found effective at 

reducing the incidence and intensity of the disease. Root and leaf extracts of Adhatoda 

zeylanica showed in vitro inhibition of Xanthomonas campestris Pv. vignicola by 

producing inhibition zones of 1.35 em. and 1.52 em respectively (Thanunaiah et al., 

1995). 

Sixteen plant extracts exhibited good anti-H pylori activity out of twenty plant 

extracts analyzed by Nariman (2009) following disc diffusion method. Ten most active 

extracts were Carum bulbocastanum, Carum carvi, Mentha longifolia, Saliva limbata, 

Saliva sclarea, Ziziphora clinopodioides, Thymus caramanicus, Glycyrrhiza glabra, 

Xanthium brasilicum and Trachyspermum copticum. MIC of the 10 biologically active 

plant extracts was within the range of 31 to 500 J.lg/ml. 

Eftekhar et al., (2005) investigated the antibacterial activity of the methanol 

extracts of the aerial parts of the Datura innoxia and Datura stramonium. The extracts 
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showed activity against Gram (+) bacteria in a dose dependent manner. Little or no 

antibacterial activity was found against Escherichia coli and Pseudomonas aeruginosa. 

In order to separate antifungal compounds in the ·potential plant extracts, the 

extracts are subjected to "on the chromatogram bio assay" on the thin layer 

chromatography. The method is one of the very quick and easy methods for screening 

antifungal compounds in phytoextracts (Guleria and Kumar, 2000). Several workers 

(Kagale et al., 2004 and Saha et al., 2005a) have utilized the method to isolate natural 

products of various chemical compounds. 

During the present study (Table: 4.18) aqueous Xanthium strumarium leaf extract 

was developed on TLC plates and sprayed with spores of Fusarium moniliforme, 

Alternaria alternata (isolate AaT) and Alternaria alternata (AaP). Rr of antifungal zones 

created by the crude leaf extract was 0.68 against both Fusarium moniliforme, and both 

Alternaria alternata (isolate AaP). The same TLC plates when sprayed with Alternaria 

alternata (AaT) three antifungal zones (Zone 1: Rr0.17, Zone 2: Rr0.68 and Zone 3: Rr 

0.82) were found. Similarly, bioactive fraction of Xanthium strumarium leaf extracts 

showed three antifungal zones at Rr0.42; Rr -0.17 and 0.72 altogether against the 

pathogens tested (Table- 4.19; plate 15: fig. A; plate 16: fig. A; plate 17: fig. a). 

From the table: 4.20 it is clear that Rr of antifungal zones created by the aqueous 

Datura stramonium leaf extracts (separated by solvent I on TLC plates) were 0.63, 0.72 

and 0.81 against Alternaria alternata (AaT) respectively. When the TLC plate sprayed 

with Fusarium moniliforme one antifungal zone was found at Rr 0.72. Similarly, in case 

of bioassay where Alternaria alternata (AaP) were used, one antifungal zone was found 

at Ri 0.81. Partially purified bioactive fraction of Datura stramonium leaf extracts 

showed three antifungal zones in the bioassays. One antifungal zone (Rr0.37; plate 15: 

b).) was found against Fusarium moniliforme which was not found in other two cases. 

Two antifungal zones (Rr 0.20 & 0.47; plate 16: b) were found against Alternaria 

alternata (AaT) but the other isolate of Alternaria alternata (AaP) showed antifungal 

zone at Rr0.47 only (plate 17: b). The diameter of the antifungal zones was recorded in 

the table ( 4.21 ). 

Reddy et al. (2007) reported the antifungal component of cloves. They isolated, 

characterized and tested the efficacy of cloves against Aspergillus spp. The major 
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component, eugenol was identified on TLC plate as dark coloured spot with Rr 0.5 along 

with standard. In TLC plate bioautography test, TLC plates were spray inoculated with 

four species of Aspergillus (A. jlavus, A. paraciticus, A. niger, A. ochraceus) and eugenol 

on TLC plates inhibited mycelia growth of all four species of Aspergillus. 

Structural identification of the antifungal compound was made with the help of 

various spectroscopic analyses. 

In the course of the present study, the fruits were subjected to pathogenicity test to 

find most susceptible fruits. Plant extracts were sprayed on the most susceptible fruits and 

then the fruits were challenge inoculated with their pathogens separately. From the results 

it was evident that the plant extracts significantly controlled the post harvest diseases of 

the fruits (Table 4.22 to 4.27). 

Use of chemical fungicides is the concern in modem society in terms of human 

toxicity and hazardous effects on natural environments (Goto, 1990). Biological control 

provides an alternative where a micro-organism that is non pathogenic to the plant but 

antagonist towards plant pathogen is used. In cultivation where higher production is all of 

the matter, post harvest disease requires intense management and planning. Post harvest 

disease can be controlled by spraying exogenous fungicides but due to awareness on 

harmful effect on fungicides of environment as well as humans, it's essential to use eco

friendly measures. Chemical fungicides also adversely affect the microbial population 

present in the ecosystem. Hence, Search for effective bio-control agents for the 

management of plant diseases has been intensified in recent years to reduce the 

dependence on chemical fungicides (Droby et a!., 1992). Moreover, the post-harvest 

phase is suited to the application of biological control methods (Mari and Guizzardi, 

I 998). Although biological control of many pathogens are reported in literature, but 

works to control post harvest disease of orange, tomato and pineapple by antagonistic 

microbes are scanty. 

In the present study Trichoderma harzianum and Aspergillus jlavus and two 

bacterial strains [SB! (Lysinibacillus sphaericus) and SB2 (Pseudomonas sp.)] were used 

for their efficacy against selected fungal pathogens [Fusarium moniliforme, Alernaria 

alternata (isolate AaT) and Alernaria alternata (isolate AaP)] and bacterial pathogens 

(Xanthomonas sp., Pseudomonas syringae and Erwinia sp.). Fungal antagonist 
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(Trichoderma harzianum and Aspergillus jlavus) and bacterial isolates (Lysinibacillus 

sphaericus and Pseudomonas sp. ) were isolated from soil and selected through dual 

culture for the present study in controlling post harvest pathogens( Section 4 : 11) , 

Trichoderma harzianum and Aspergillus jlavus inhibited Fusarium moniliforme, 

Alernaria alternata (AaT) and Alernaria alternata (AaP) in dual cultures. Results of dual 

cultures involving SBl or SB2 as one of the cultures against the pathogens (separately) 

clearly indicated that SB2 is the best biocontrol agent between the two bacterial 

antagonists. SB2 inhibited (88.57%) growth ofXanthomonas sp. SBl inhibited (77.14%) 

growth inhibition over Xanthomonas sp. SB 1 also inhibited growth ( 61.11%) of 

Alternaria .dlternata (AaP). Alternalia alternala(AaT) was least inhibited by SFl. 

Trichoderma harzianum showed highest inhibition (90.00%) over Alterna#a 

alternata(AaP). Results of the dual culture involving the four antagonists clearly 

indicated that SF 1 is the best biocontrol agent. 

Among fungal antagonists, Trichoderma sp. is most commonly used, mainly due 

to thek high efficacy in controlling several diseases. Several authors have reported the 

successful use of different isolates of Trichoderma for controlling many plant diseases 

(Jadeja, 2003; Roberts et al., 2005). Bacillus sp. also has been used by several workers 

for control of plant pathogens. Meena et al., (2000) controlled Phomopsis vexans by 

using Bacillus sp. The culture filtrates of A. jlavus and of the Trichoderma harzianum 

was used in vitro and the results were encouraging (Elad, 2000; Perella et al., 2006) 

In the present study, cell-free culture filtrate of Trichoderma harzianum and 

Aspergillus jlavus significantly inhibited Fusarium moniliforme, Alernaria alternata 

(isolate AaT) and Alernaria alternata (isolate AaP) in poisoned food technique. In dual 

culture antagonists directly inhibited the pathogen but in case of poisoned food 

experiment cell-free culture filtrates showed inhibition (Section 4:13). It clearly indicated 

that the inhibiting activity lies in the extracellular fluid. 

Cell free culture filtrates have been used to demonstrate the rate of antibiosis' .. a 

mechanism of biological control (Khara and Hadwan, 1990; Tu, 1992). Shanmugam and 

Varma (1999) clearly established the efficacy of the antagonists Aspergillus niger, A. 

fumigatus, A. jlavus and Trichoderma viride in inhibiting pathogen. Thus our results are 

in agreement with that of earlier workers. 
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Naturforsch, (2002) reported that the crude MeOH extract from the dual culture of 

T. harzianum and C. roseus callus showed a very strong antimicrobial activity against ~he 

Grampositive bacteria Staphylococcus aureus and Bacillus subtilis, with an MIC of 31.3 

~g/ml for both. They also reported moderate inhibitory activity of the isolated 

compounds against the yeast Saccharomyces cerevisiae, with an MIC of SOO~g/ml. They 

also tried to isolate the active compound under the guidance ofMIC assay. 

In this study cell free culture filtrates were subjected to six biochemical tests 

(Pectinase, phosphatase, cellulase, chitinase, DNase activity and siderophore production) 

to know their mechanism of antimicrobial activity. The results have been presented in 

experimental section: 4.14. (Table: 4.32 & 4.33). Aspergillus jlavus, Trichoderma 

harzianum, Lysinibacillus sphericus and Pseudomonas sp did not show pectinase and 

phosphatase activity. All the four organisms mentioned above exhibited cellulase activity. 

Aspergillus jlavus, Lysinibacillus sphaericus and Pseudomonas sp. produced siderophore 

too. Out of four organisms only Trichoderma harzianum does not produce siderophore. 

Chitinase activity was shown by lone Trichoderma harzianum among the four organisms 

tested. Lipase activity test was performed in case of the two antagonistic bacteria only 

and both the bacteria produced lipase. 

Trichoderma harzianum is a known producer of cellulolytic and chitinolytic 

enzymes that are extensively used for the degradation of cellulose and chitin materials 

particularly in textile and paper industries, besides its use in wastewater treatment 

(Ahmed et al., 2007). Several biocontrol agents alleviate the growth of pathogenic fungi 

by producing extracellular chitinase, which degrades the chitin polymers of fungal cell 

wall (Mathivanan et al., 1998; Mathivanan et al., 2000). Growth inhibition of the 

pathogens by the Trichoderma metabolites were reported (Ghisalberti and 

Sivasithamparam, 1991). The phenomenon and related mechanisms have been explained 

by many authors (Lynch, 1990; Inbar, et a!., 1994; Papavizas, 1985). Belanger et al. 

(1995) reported that T. harzianum antagonize first by antibiosis (leading to cell death) 

and then degrade cell wall by chitinolytic enzymes. 

Most species of Aspergillus are known to produce several hydroxamate-type 

siderophores and many reports on the isolation and characterization of siderophores have 

been published (Dube et al., 2000). Basha and Ulaganathan (2002) reported that Bacillus 
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sp (strain BC121, sorghum rhizosphere isolate) showed high antagonistic activity against 

Curvularia lunata. In dual cultures, the Bacillus strain BC121 inhibited the C. lunata up 

to 60% in terms of dry weight. This strain also produced a clear halo region on chitin agar 

medium plates containing 0.5% colloidal chitin, indicating chitinase activity. Mikani et 

a!., (2008) screened some potential Pseudomonas spp. strains for their antifungal 

activities against some pathogens. Chaiham, (2009) demonstrated antagonistic activity 

towards the rice pathogens by potential biocontrol agents (of soil of in Thailand and other 

countries). 

In the present study degradation of hyphae were prominent when interacting 

zones were seen under scanning electron microscope (SEM). The results of SEM studies 

have been presented in the following section. 

Finally, SEM analysis of pathogen and antagonistic bacteria and fungi were 

performed. It has been seen from the results of SEM analysis that spores of antagonistic 

fungi A. jlavus (SF7) attached with the pathogenic hyphae and degraded the hyphae by 

releasing certain chemicals. On the other hand the antagonistic bacteria Pseudomonas sp. 

(SB2) colonized the hyphae of some of the pathogens tested indicating their affinity 

towards the hyphae of the said pathogen. In densely colonized (by the antagonistic 

bacteria) pathogenic hyphae scars of damage were prominent. This study indicated that 

the bacteria may have produced certain fungal cell wall degrading enzyme which in tum 

degraded the hyphae. SEM analysis also showed that bacteria were occupying the 

degraded hyphae. As degraded portion showed cell aggregates of the antagonistic 

bacteria. 

The macroscopic and microscopic (SEM) observations, of plates with the 

pathogens cultured with filtrates of Trichoderma spp. suggested that Trichoderma spp. 

were able to induce morphological alterations in both Aspergillus jlavus and Fusarium 

moniliforme (Calistru eta!., 1997). Bacillus strain BC121 inhibited the C. lunata and 

Scanning electron microscopic observations showed a clear hypha! lysis and degradation 

of fungal cell wall. (Basha and Ulaganathan, 2002). Our study also suggested hypha! 

lysis, degradation and morphological changes. Thus our study is in agreement with the 

previous study. 
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During this study, certain new facts of fundamental importance have been 

revealed. All other results of the present study are in conformity with those obtained by 

previous workers. Thus all the investigations have confirmed and extended some of the 

findings of the earlier workers. This work dealt with isolation and identification of 

pathogens of the three major fruits/vegetables prevalent in north Bengal. The results of in 

vivo studies would definitely help in designing some bioformulations and applicable 

phytoextracts for control of the post harvest diseases in pineapple, orange and tomato, the 

three economically important horticultural crops of north Bengal. Although two fungal 

organisms (Trichoderma harzianum and Aspergillus jlavus) showed antifungal efficacy 

but Aspergillus jlavus is not suggested for its mycotoxin producing activity. It is an 

opportunistic pathogen causing invasive and non-invasive aspergillosis in humans, 

animals, and insects. It also causes allergic reactions in humans (Hedayati, 2007; Yu et 

a/. 2005).The studies involving Aspergillus jlavus have enlightened us to understand the 

mechanism of activity of antibiosis. Two bacterial soil isolates (Lysinibacillus sphaericus 

and Pseudomonas sp.) may also be exploited for controlling post harvest pathogens. Two 

plant extracts have also been selected for control of the post harvest pathogens of the 

fruits and vegetables tested. Leaf extracts of Xanthium strumarium and Datura 

stramonium have shown potential antifungal activity both in vitro and in vivo. These may 

be utilized for production of bioformulations applicable to the harvested fruits. 
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6. Summary 

The present study deals with "Studies on postharvest disease of tomato, pineapple 

and orange and their control by microbial antagonist and botanicals". 

After a short introduction to the work a brief review of literature related to the 

post harvest disease and their control by botanicals and antagonists has been presented. 

The review mainly deals with the post harvest diseases of orange, tomato and pineapple 

and their control by leaf extracts (Xanthium strumarium and Datura stramonium), 

fungicides (Bavistin and Roko) and antagonists (Trichoderma harzianum, Aspergillus 

flavus, Lysinibacilllus sphaericus and Pseudomonas sp.). 

The study consists of: (1) Pathogenicity of selected pathogens. (2) Studies on 

morphological characteristics of the fungi and bacteria. (3) Studies on biochemical 

characteristics of the bacterial pathogens and antagonists. ( 4) Extraction of antifungal 

compounds from different plants. (5) Elucidation of the chemical structure of the 

bioactive antimicrobial component by spectroscopic analyses. (6) Studies on efficacy of 

the plant extracts following in vitro and in vivo tests. (7) Isolation of antagonistic 

microorganisms from soil and their identification. 

A detailed description of different experimental procedures and techniques used 

during the present study has been given in different sections of materials and methods. 

The work was carried out after thorough survey of different post harvest diseases 

found in the different markets ofNorth Bengal. During the survey several pathogens were 

found from the diseased fruits and vegetables. The pathogens were isolated, selected and 

identified. Three fruits and vegetables (Orange tomato, and pineapple) were taken into 

consideration for the present work. Altogether six organisms (Fusarium moniliforme, 

Alternaria alternata (isolate AaT) and Alternaria alternata (isolate AaP), Xanthomonas 

sp., Pseudomonas syringae, and Erwinia sp. were selected for this study. 
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Pathogenicities of three fungal pathogens and three bacterial pathogens were 

determined separately in harvested fruits of different places ofNorth Bengal. 

Maintenance of fungal culture and production of fungal spores, in artificial media 

is very much important for different laboratory and field studies. Hence, growth and 

sporulation of pathogens and antagonists have been studied on a PDA media. Important 

physiological and biochemical parameters have also been studied. 

Both aqueous and ethanol extracts of fifty different species of plants were 

screened for their potential antifungal properties against test pathogens following spore 

germination bio-assay technique. Xanthium strumarium and Datura stramonium showed 

promising antifungal activity in spore germination bioassay. 

The results were again confirmed by poisoned food technique and agar cup bio

assay. In both the cases Xanthium strumarium and Datura stramonium showed their 

antifungal and antibacterial activity against all the test pathogens. On the basis of above 

results TLC was performed to separate different chemicals from the mixture. Using two 

different solvent systems [chloroform-methanol (9:1) and hexane-ethylacetate-methanol 

(60:40:1) respectively]. Two different forms of extracts (aqueous extract and solvent 

extract) were separated by preparatory TLC plates and subsequently subjected to TLC 

plate bioassay. The Rr of the bioassay guided antimicrobial zones were recorded and 

found positive for the X strumarium and D. stramonium leaf extracts. Potential plant 

extracts were also separated by colunm chromatography. 

One of the bioactive compounds have been isolated and tentatively characterized 

and identified as "Deacetyl xanthumin" with the aid of UV, IR and NMR spectral 

analyses. 

Control of the fungal pathogens by two commercial fungicides was also 

undertaken for comparison with that of plant extracts. Bioassay of two different 

fungicides were performed in vitro against F. moniliformi, A. alternata (isolate AaT) and 

A. alternata (isolate AaP). Minimum inhibitory concentration (MIC) values of the test 

fungicides were determined following agar cup bioassay. 
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From the results it was evident that both the fungicides (Bavistin and Roko) were 

effective but Bavistin was better than the Roko as the minimum inhibitory concentration 

ofRoko was higher than that ofBavistin and if the fungicides are compared with the two 

plant extracts, it is clear that the leaf extracts (Xanthium strumarium and Datura 

stramonium) are more effective. 

In vivo experiments were performed in susceptible fruits. To get susceptible fruits 

pathogenicity tests of each pathogen were performed in fruits of different places of North 

Bengal. 

For biological control of the diseases, antagonistic potentialities of some unknown 

bio-control agents were tested against the pathogens of the present study. Four biocontrol 

agents found out of this study are Trichoderma harzian'um (SF!), Aspergillus jlavus 

(SF7), SBI (Lysinibacil/us sphaericus) and SB2 (Pseudomonas sp.). Two fungal 

(Trichoderma harzian urn, Aspergillus jlavus) isolates and two bacterial (Lysinibacillus 

sphaericus, Pseudomonas sp.) isolates were used for their efficacy against all the test 

pathogen. 

Results of dual cultures involving either SB I or SB2 as one of the cultures 

against the pathogens (separately) clearly indicated that SB2 is the best biocontrol agent. 

SB2 inhibited (88.57%) growth of Xanthomonas sp.. SBI inhibited growth of 

Xanthomonas sp. (77.14%) [Plate: 22, fig. a]. SBl also inhibited growth of Alternaria 

alternata (AaP) (61.11 %) [Plate: 20, fig.a]. Alternaria alternata (AaT) was least 

inhibited by SF! (Plate: 25, fig. c). Trichoderma harzianum showed highest inhibition 

(90.00%) over Alternaria alternata (AaP), [Plate: 25, fig. e]. Results of the dual culture 

involving the four antagonists clearly indicated that SF! is the best biocontrol agent. 

From the results it was evident that Trichoderma harzianum showed maximum inhibition 

of growth of the pathogen whereas minimum growth inhibition showed by Lysinibacillus 

sphaericus between the two bacterial biocontrol agents. Cent percent inhibition of growth 

of the pathogen was observed when cell free culture filtrate of the Trichoderma 

harzianum, Aspergillus jlavus species were tested in PDA plates (culture filtrate 

supplemented). 
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One of the bacterial isolates SB I (Lysinibacil/us sphaericus) was subjected to 

molecular analysis. 16S rDNA were amplified by using universal primer: 

16S-Forward primer:5AGAGTTTGATCATGGCTCAG 3' 

16S-Reverse primer:s'GGTT ACCTTGTTACGACTT J' 

The amplified product was sent to Bangalore Genei for sequencing. The sequence 

was compared with several others sequences of the gene bank by using MEGA4.0. The 

sequence of the present study matched with Lysinibacillus sphaericus (99%). 

In this study cell free culture filtrates were subjected to six biochemical 

tests (Pectinase, phosphatase, cellulase, chitinase, siderophore production and DNase 

activity) to know their mechanism of antimicrobial activity. Aspergillus jlavus, 

Trichoderma harzianum, Pseudomonas sp. and Lysinibacillus sphaericus did not show 

pectinase and phosphatase activity. All the four organisms mentioned above exhibited 

cellulase activity. Aspergillus jlavus, Lysinibacillus sphaericus and Pseudomonas sp. 

produced siderophore too. Out of four organisms only Trichoderma harzianum did not 

produce siderophore. Chitinase activity was shown by lone Trichoderma harzianum 

among the four organisms tested. Lipase activity test was performed in case of the two 

antagonistic bacteria only and both the bacteria produced lipase. 

Finally, SEM analysis of pathogen and antagonistic bacteria and fungi were 

performed. The spores of antagonistic fungi (A. jlavus) attached with the pathogenic 

hyphae and degraded the hyphae by releasing certain chemicals. On the other hand the 

antagonistic bacteria (Pseudomonas sp.) colonized the hyphae of some of the pathogens 

tested indicating their affinity towards the hyphae of the said pathogen. In densely 

colonized (by the antagonistic bacteria) pathogenic hyphae scars of damage were 

prominent. This study indicated that the bacteria may have produced certain fungal cell 

wall degrading enzyme which in turn degraded the hyphae. SEM analysis also showed 

that bacteria were occupying the degraded hyphae, as degraded portion showed cell 

aggregates of the antagonistic bacteria. 

Implications of the results have also been discussed in the discussion 

section. The results were encouraging since several potential plant extracts and biocontrol 
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agents came out of this study against the post harvest pathogens of the fruits. Further 

these may be integrated with other biocontrol agents and may be used in fields as part of 

integrated disease management system. 

In summary, the present investigations have established designing of the suitable 

control measures of the post-harvest diseases of three economically important 

fruits/vegetables in North Bengal. Furthermore, attempts have been made to establish the 

chemical entity along with structural information of the specific fractions of the bioactive 

antifungal agent through various chromogenic and spectroscopic methods. 
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