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Agricultural crops suffer heavily due to diseases and pests. It is essential to have a 

basic knowledge about plant pathogens, different kinds of diseases caused by them on 

various crops and the methods of managing the diseases to avoid the enormous losses 

caused by the diseases. 

Modem agriculture relies a lot on recent innovations in technology for betterment 

of agricultural produce. Fungicides are still in vogue for crop protection purposes, but 

greater consumer health-consciousness is driving demand for products completely free 

of, or only minimally contaminated with chemicals. There is, thus demand for novel and 

viable strategies which are in complete harmony with the environment for crop 

protection, which has led to increased research into biocontrol methods, offering benefits 

of greater biodiversity and cost saving to growers. In this context, use of plant growth

promoting fungi and rhizobacteria and induction of systemic resistance against diseases 

are viewed as novel and potential tools, which are known to present substantial benefits 

to agriculture. 

Microorganisms constitute a major component of the rhizosphere. Rhizosphere, 

the narrow zone of soil directly adjacent to plant roots, containing root exudates, leaked 

and secreted chemicals, sloughed root cells, and mucilages of a plant has a major 

influence on the health and productivity of crops. However, it is a complex system 

wherein a series of interaction take place. Many studies show much higher numbers of 

bacteria and fungi in the rhizosphere an in bulk soil which is referred to as the 

'rhizosphere effect' under the influence of both biotic and abiotic factors. (Jeffrey et al., 

2002). The composition often differs as a result of diverse plant- microbe interaction. The 

rhizosphere of established tea bushes has some specific characteristics which are 

associated with the long lived nature of tea plants, viz. negative rhizospheric effect, 

lowering of soil pH, antagonistic activities among microbial communities and dominance 

of certain species ( Sood et al., 2007 ). The overall interactions between tea roots, 

microbes and environmental conditions prevailing in the tea rhizosphere seem to favor 

the growth of microbes, which are known to produce strong antibiotics with potential use 

as biocontrol agents. Till now very limited and isolated efforts were made for tapping of 

microbial diversity, identification, evaluation and preserving them for different 

applications. 
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It has been reported that natural rhizosphere is often inimical to pathogens, 

because antagonists from a part of the rhizosphere community (Lynch, 1987). 

Microorganisms present in the soil play an important role in nutrient solubilization, 

mobilization and recycling. They have very wide potentialities by controlling soil-borne 

pathogens, stimulating plant growth, increasing nutrient availability and accelerating 

decomposition of organic materials, and are anticipated to increase crop productions as 

well as maintain sound enviromnent for crop productions. Its resident microbial flora 

chiefly determines the health of the soil. Despite the many achievements of modem 

agriculture certain cultural practices or continued release of new 1·esistant cultivars and 

pesticides, pathogens still cause crop damages and losses that exceed 12% worldwide and 

have actually enhanced the destructive potential of disease. In addition, disease often 

compromises the quality of the harvest by producing toxins that seriously threaten human 

and livestock health. Thus, an understanding of how pathogens cause disease and how 

plants defend themselves are crucial research issues for global food security. Almost 30% 

of the yield in agriculture is lost because of combined effects of biotic and abiotic 

stresses, with pathogenic fungi alone responsible for reduction of about 12% plant 

disease. 

Management of root disease through the application of beneficial soil 

microorganisms has been considered as a highly valuable tool to improve productivity 

without damaging the soil enviromnent. The rhizosphere population may have either a 

favorable or a detrimental influence upon plant development, because the micro flora is 

so intimately related with the root system, partially covering its surface any beneficial or 

toxic substance produced can cause an inunediate and profound response. 

Tea is an important commercial crop; it is cross pollinated and shows high levels 

of heterogeneity in the progenies. Because of the out breeding nature, seedling population 

of tea is extremely heterogenous. For vegetative propagation, type of soil required is 

neither too sandy nor too clayey. Commercial tea population lies under three principle 

taxa, 'China' Camellia sinessis, L.O.Kuntse), 'Assam' (C.assamica spp.assamica 

(Master) Wight and "Cambod" (C.assamica spp.lasiocalyx (Planch ex watt) Wight. They 

exhibit considerable variability in morphological characters and yield. Repeated out

breeding through natural hybridization over a prolonged period between the taxa and 
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their alleles had contributed to the evolution of the present day conunercial population of 

tea plant (Mohanan .and Sharma,1981).Came/lia sinensis generally consists of two 

variants, C. sinensis var.sinensis and C. sinensis var. assamica. Tea plants belonging to 

variety sinensis are characterized by a bush type with small leaves, are resistant to the 

cold and suitable for making green tea and semi- fermented tea. In a broad sense, they are 

referred to as the china variety. On the other hand, tea plants belonging to var. assamica 

are characterized by a tall tree type with large leaves, are less resistant to the cold and are 

suitable for making black tea. 

The earliest knowledge of the tea plant is derived from China where tea as a 

beverage was known for about 3000 years. It is generally believed that it originated 

somewhere in south East Asia kingdom- (Ward, 1950). However, the current distribution 

patterns of the tea varieties suggest that the probable centre of origin of the tea is Burma 

region, and .from there it dispersed to South Eastern China, Indonesia and Assam. 

In India, tea seeds from China were brought and sown at Botanical Garden, 

Calcutta in 1780 (Bezbaruah, 1999). Tea (China type) was introduced in North East India 

in 1836, although in 1823, Major Robert Bruce discovered tea plants growing wild in 

some hills near Ragpur/ Sibsagar, the then capital of Assam. In South India, one Dr. 

Christy has experimented on growing tea in Nilgiris in 1832 (Muraleedharan, 1991). 

Currently, India is having 1. 7 million hectares of area under certified organic farming. 

The organic market in the country is valued at Rs 100 crores with an annual growth rate 

steadily going up from 35 per cent which will farther expected to grow 50 per cent by 

2010. India is fast becoming a major base for production and supply of organically 

produced agricultural products to the world market. The global market for organic farm 

produce is expected to touch US$ 100 billion by 2010. As we are aware, India is the 

largest producer of tea and its share in global production is 28 percent. It is the second 

most widely consumed drink worldwide, after water. So tea industry supports, directly 

and indirectly, almost 2% of the population of the country. 
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In context to global scenario Sikkim is small mountainous state in northeast India 

with uneven topography. Temi Tea Garden (TTG) is the only tea estate existing in the 

state of Sikkim (South Sikkim), India at present (Plate 1 ). Under the assistance of 

Temi Tea Board, tea growers society like Sang-Martam Tea Growers' Cooperative 

Society was established in the year 1998 area of tea estate covering 75 acres has started 

flourishing which will further increase the products. Efforts are underway to source direct 

buyers in foreign markets for Sikkim's tea and the field is open for 

investors interested in increasing Sikkim's tea production capabilities. Some tea 

plantations in South Sikkim (Ravangla) have been also reported. Tea grown in :Sikkim is 

famous by its brand name 'Temi Tea'. Focusing on branding of its products, Temi tea also 

sells 30 per cent of its annual production in small packets under four brands - Temi Tea, 

Sikkim Solja, Sikkim Kanchendzonga Tea and Mystique (Plate 2). The Garden also 

touches the bottom of the renowned Tendong Hill in West Sikkim district. The Garden is 

one of the best tea producing estate in the country and produces one of the top quality 

teas in the international tea market. It was established in the year 1965 with an estimated 

area of 435 acres. It employees a total number of 406 workers and 43 staff members 

approximat~ly. It produces about 100 MT of tea annually. The garden received All India 

Quality Award; from Tea Board of India for the two consecutive years i.e. 1994 and 

1995. During the year 1997-98 the production figure of garden drastically improved by 

producing 1,16,000 kgs of tea leaves which is a record achieved till date. Consequently, 

the garden had directly exported 100 kg of bulk loose tea to Canada and Japan at a record 

price of Rs 2500 per kg. But apart from these progresses made by the garden it still 

suffers some losses due to unexpected problems, fungal disease being one of them. 

Among fungal diseases brown root rot (F.lamaoensis), red root rot (P. hypobrunnea,), 

black root rot (Rosellinia arcuata), and charcoal stump rot (U. zonata), is common, 

while few other disease also occur. Weeds like Ageratum conyzoides, Amaranthus viridis, 

Drymaria cordata, Euoatorium odoratum, mimosa pudica, oxalis sp., Polygonium sp., 

cherry tree, Eragrostis unilodes, colocasia sp. etc. are also found. 

Tea plants are subjected to attacks by a large number of insect pests and fungal 

diseases, also by bacteria, algae and viruses. Worldwide, there are 380 fungal pathogens 

which attack roots, leaves and branches of tea plants. Traditionally, the diseases in the tea 
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have been classified as primary and secondary diseases. In primary root diseases, healthy 

section of tea without previous history of any root diseases, the infection may occur 

through the air borne contact of the root with infected material in the soil. The infected 

material might have come into otherwise healthy section of tea inadvertently through 

infected wooden posts, chips of firewood with the pathogen dropped in the field by 

labour or other such physical methods. The group of diseases which comes under this are 

brown root rot of tea, red root rot, charcoal stump rot, black root rot, root split disease. In 

case of secondary root diseases the fungi that cause the secondary root disease of tea are 

very common and abundant in nature and they are seen either in soil or above ground or 

in both these habitats. They attack the tea bush under certain predisposing conditions like 

adverse soil conditions, impaired health and vigour of the plants due to several causes 

and usually it take a longer time to kill bushes completely then do primary ones, e.g. 

violet root rot, wood or branch canker etc. Ustulina zonata which is one of the primary 

root diseases of tea causes charcoal stump rot. The fungus remains in the root system for 

several years and the plants appear normal up till the time of death, which takes place 

suddenly. The foliage wilts and dies but the withered leaves remain attached to the 

branches for some time before they drop off. Gradually the disease extends along the 

roots killing the host tissues until it reaches the collar, the water conducting cells which 

make up the wood which become gradually blocked by the mycelium or threads of the 

fungus which weave in and out of the tissues. Eventually the fungus completely blocks 

the water conducting tissues at or near the collar, so that passage of water from the roots 

to the leaves is stopped and the bush suddenly dies. The process may take about 1-4 

years, according to age and size of the bush. 

Soil and plant associated environment harbor a wide variety of microorganisms 

that play an integrated role in plant growth and disease management. Biological control 

of pathogens by application of specific antagonistic microorganisms to seeds or planting 

material has been studied intensively, however, only few of these biocontrol agents have 

been effective from years to year, and over a broad range of condition very few are 

successful. Few commercial preparations based on Trichoderma, Pseudomonas, Bacillus 

sp. are available in the market for biocontrol of phytopathogens. The last decade has 

witnessed a tremendous break through in the research efforts on biological control of 

plant disease in India especially by using species of Gliocladium, Trichoderma harzianum 



Plate 2(A-C): Panoramic view of Temi Tea Estate (A), Tea factory (8), Packed tea 
leaves for commercial use (C) 
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and viride, Beauveria bassiana, Verticillium lecanii, Paeci/omyces lilacinus, and 

bacteria like Bacillus subti/is which proved their potentiality as bio-control agents. These 

were found to be hyper parasitic/ antagonistic/pathogenic against some of the major tea 

pathogens and pest. 

The production and use of pesticides have increased during the last few decades. 

Use of these pesticides has benefited the modern society by improving the quality and 

quantity of world's food supply. Some of these pesticides are highly toxic and considered 

a potential risk to both human health and environments and recently the problem of 

pesticide residue has become an alarming issue among the consumers. Wide spread 

applications of chemical pesticides/ fungicides inundates the agro-ecosystem with toxic 

compounds that affect the balance of natural food chain. 

To escape from these problems, presently attention has been given towards the 

alternative plant protection tools. The use of biofertilizers or microbial inoculants for 

replacing the efficacy of chemical fertilizers has been found to be effective in reducing 

the cost of cultivation and maintaining the natural fertility of soil. Microorganisms have 

been used over the past 50 years to advance medical technology, food processing, food 

safety and quality, environmental protection, and agricultural biotechnology many of 

these technological advances would not have been possible using straightforward 

chemical and physical energy methods. 

Considering the importance of the use of eco-friendly microorganisms for plant 

growth promotion and disease protection in tea and the fact that little or no work has been 

done on tea rhizosphere of Sikkim. The present study was undertaken with the following 

objectives giving special emphasis on: 

• Isolation of phosphate solubilizing fungi (PSF) and phosphate solubilizing 

bacteria (PSB) from tea rhizosphere 

• Screening of PSF and PSB on growth promoting activity of tea seedlings. 

• In vitro testing of PSF and PSB isolates for antagonism against Ustulina zonata 

(test pathogen). 

• In vivo testing of selected microorganisms (PSF,PGPR,AMF) for suppression of 

charcoal stump rot disease of tea. 
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• Evaluation of combined effect of PSF,PGPR and AMF as well as selected 

commercial formulation of V AM (JOSH), and bioperotectant (Kalisena) for 

disease suppression of tea. 

• Determination of biochemical changes in tea plants due to applications of various 

formulations ofbioinoculants. 

• Determination of population level of antagonist as well as pathogen m soil 

following application. 

" Preparation of formulation of these bioinoculants and their field trial. 
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In agricultural management two of the most important goals are to ensure the crop of 

enough nutrients and to prevent it from diseases. Traditionally, these goals have been 

achieved by using pesticides and high inputs of fertilizers. However, these management 

practices lead to a high loss of biodiversity all over the landscape. Therefore, other 

approaches should be investigated. Soil organisms play an important role in nutrient 

cycling and can reduce diseases; a new approach is to manage the system by increasing 

the soil biodiversity. Since the below ground organisms are for a large part dependent on 

input from above ground organisms, this may be achieved by modifying the rhizosphere. 

The rhizosphere is a micro-zone at the root -soil interface that is under the 

influence of the plant root. A plethora of mutually interacting physical, chemical and 

biological processes operate within this zone. Although attempts have been made to 

unravel some of these processes, the understanding of the intricacies of this unique 

'twilight zone' is still in its infancy. The structural and functional diversity of the 

rhizosphere is maintained by input of root derived carbon sources. Available evidence 

suggests that plants and rhizosphere organisms function in an interdependent fashion. 

Rhizosphere organisms depend on plants for continuous supply of reduced carbon and 

play a significant role in nutrient cycling, thus exerting an influence on plant growth. The 

increase in soluble carbon in soil sections close to the root surface is related to the 

rhizodeposition of root exudates that include low- molecular weight organic acids, 

carbohydrates, nucleic acid derivatives and amino acids. Microorganisms in turn 

contribute to the availability and mobilization of nutrients, production of growth 

regulators, phytotoxic substances or by suppression of pathogens and pollutants added to 

soils. 

The plant rhizosphere represents a highly complex ecosystem that is influenced 

by a number of abiotic and biotic factors. The bacterial/ cyanobacterial communities of 

the rhizosphere have strong influence on the growth and health of the plant as well as on 

their ability to adapt to changed environmental conditions. The enhanced degradation of 

pesticides in soil sections close to the root surface is related to the rhizosphere- induced 

co- metabolism of pesticides. The actively growing plant roots provide an excellent 

environment for intensive microbial activity, resulting in enhanced biodegradation of 

organic contaminants. Selective enrichment of microorganism is likely to have a 
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significant impact on the rhizo-remediation, rhizoextraction or rhizo-filtration of 

recalcitrant organic contaminants in soils. Attempts may be given to provide nutrient and 

plant growth promoting substances through microorganisms for sustainable crop 

production. 

The microbial biomass in soil also contains a significant quantity of immobilized 

P that is potentially available to plants. This aspect has been reviewed by Greaves and 

Webley, 1965; Raghu and Mac Rae, 1966; Hedley and Steward, 1982; Rao, 1982; 

Brookes et a/., 1984; Goldstein, 1986; Tandon, 1987; Kucey et a/., 1989; Richardson, 

1994; Bishop eta/., 1994; Narula et al., 2000; Oberson et a/.,2001. 

Considering the importance of using biological agents for growth promotion and 

disease suppression in plants by reducing the use of chemicals, the present review 

describe observation of previous workers in connection with the potential role of 

biofertilizers in the growth and development of plants, use of rhizosphere 

microorganisms and biocontrol agents and their role in disease suppression 

Plant growth promoting rhizobacteria 

Soil microorganisms can be classified into major divisions, such as the bacteria, 

actinomycetes, fungi, algae, protozoa, worms and arthropods. Soil is abode for several 

micro-biota - a few beneficial and some antagonistic. While the former are characterized 

by their positive effects on the plants, the latter are either parasites or pathogens of the 

plant-host. The groups of beneficial microbes which flourish in the rhizosphere of plants, 

but which may grow in, on, or around plant tissues, stimulate plant growth by a plethora 

of mechanisms and these bacteria are collectively known as plant growth promoting 

rhizobacteria, (PGPR). In soil there are certain inorganic compounds like tricalcium 

phosphate, which is water insoluble and unavailable to crop plants. Some phosphate 

solubilizing bacteria solubilize such insoluble phosphates into form which are available 

to plants. Another bacterium Bacillus siliceous degrades silicate minerals and makes 

potassium available to plants. In the similar way, different microbes affect the solubility 

of boron, sulphur, iron etc. and make them available to crops. 
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Siderophore production was also postulated to be an important mechanism for the 

biocontrol activity of PGPR which was confirmed by Neillands (1886), Loper and Buyer 

(1991), Bakker eta/. (1993). 

Selected PGPR strains belonging to diverse Gram- positive and Gram- negative 

genera can, upon seed treatment or soil drench treatment to plant root system, reduce the 

incidence of distally infecting pathogens Kloepper et a/., (1998). Single PGPR strains 

have been shown to reduce pathogen infection and symptoms of multiple diseases on 

cucumber and tomato. Cucumber diseases affected in greenhouse and fleld studies in 

multiple years include foliar diseases (angular leaf spot, caused by Pseudomonas 

syringae pv. lachrymans; and anthracnose, caused by Colletotrichum orbiculare); 

systemic wilt disease ( cucurbit wilt, caused by Erwinia tracheiphila; fusarium wilt, 

caused by Fusarium oxysporum f sp. cucumerinum), and the systemic viral disease 

caused by cucumber mosaic virus(CMV). In case of cucurbit wilt, disease control is 

linked to PGPR mediated reductions in plant preference by the insect vectors, the striped 

and spotted cucumber beetles. In fleld and greenhouse studies, PGPR treatments led to 

significant reduction in beetle feeding attractant. With tomato, protection has been noted 

in the greenhouse or fleld against CMV; bacterial spot, caused by Xanthomonas 

axonopodis pv. Vesicatoria; tomato mottle geminivirus; and bacterial speck, caused by P. 

syringae pv. tomato. Mode of action studies support the conclusion that the observed 

systemic biocontrol results from ISR, since measurable biochemical and cytological 

changes occur in the plant in relation to host recognition of the inducing PGPR strains 

and are the focus of intense current investigation. They have observed enhanced 

peroxidase activity and lignification in cucumber and induction of PRla promoter in 

transgenic tobacco containing a GUS reporter gene. In this tobacco system, all PGPR 

strains which enhanced protection against wildfire disease- caused by P. syringae pv. 

tabaci in the greenhouse induced GUS activity, whereas control strains lacking disease 

protecting activity did not induce GUS activity significantly relative to controls. 

PGPR mediated induced systemic resistance has been demonstrated against fungi, 

bacteria, and viruses by Van Loon et a/. (1998). Bacterial determinants of ISR include 

lipopolysaccharides, siderophores, and salicylic acid. The induced disease resistance was 

enhanced by the simultaneous activation of ISR and the systemic acquired resistance 
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pathway which resulted in additive effects on the level of induced protection (Van Wees 

et al., 2000). To protect themselves from the. disease, plants have evolved sophisticated 

defense mechanisms in which the signal molecules salicylic acid, jasmonic acid and 

ethylene often plays crucial roles Pieterse et al., (2002). 

Munimbazi et al. (1998) antifungal metabolites produced by Bacillus pumilus in potato 

dextrose broth were isolated from culture supernatant fluid by precipitation with 

ammonium sulphate. The antifungal metabolites inhibited mycelial growth of many 

species of Aspergillus, Penicillum and Fusarium. They also inhibited production of 

aflatoxins, cyclopiazonic acid, ochratoxin A and patulin. Their activity was stable over 

wide range of temperature and pH (2-1 0). The metabolites were also resistant to 

hydrolysis by various proteases, peptidases and other enzymes, so it has the potential to 

use as fungicide but more investigations is needed with regard to their inexpensive large 

scale production, evaluation for toxicity and degradation in the environment. 

The aim of study of Jacques et al. (1999) was to evaluate four pseudomonas 

strains for their intrinsic properties conferring their ability to protect long English 

cucumber against pythium aphanidermatum in hydrophonic culture. Two of the strains, 

BTPI and its siderophores negative mutant M3, increased plant yield as compared with 

the non-inoculated control plants. Strain BTP7 was intermediate in its biocontrol activity 

while strain ATCC 17400 failed to reduce disease development. The role of pyoverdines 

could not be confirmed since treatment with either BYPI or its siderophores- negative 

mutant M3 provided similar suppression of pythium disease. In addition, no siderophores 

were detected in the nutrient solution. BTPI did not inhibit pathogen growth in vitro o 

several media, suggesting that antibiosis was not a mechanism of suppression. 

Quantification of root bacterial population did not indicate differences among the strains. 

On the other hand, roots treated with either BTP1 contained more antifungal phenolics 

then roots from any other treatments including controls. These results suggest that 

antifungal phenolics compounds induced by inoculation of cucumber roots with the 

fluorescent pseudomonas strains BTP1 and M3 participate actively in the protection of 

cucumber plants against P. aphanidermatium. 

Wee-Scm-Van et al. (1999) ·selected strain of non- pathogenic rhizobacteria from 

the genus Pseudomonas are capable of eliciting broad-spectrum ISR in plant that is 
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phenotypically similar to pathogen-induced systemic acquired resistance. In Arabidopsis 

thalirma , the ISR pathway function independently of salicylic acid (SA) but known 

defense- related gene, i.e. SA responsive genes PR-l,PR-2 and PR-5 ethylene-inducible 

gene He!, ethylene and jasmonate inducible genes ATUSP, Lox!, Lox2,Pall and Pal2, 

are neither induced locally in roots nor systemically in leaves open inductions of ISR by 

P. jluorescens with WCS4178. in contrasts plants infected with the virulent leaf pathogen 

P. syringe Pv. tomato (Psl) or expressing SAR induced by preinfecting lower leaves with 

the avirulant pathogen Pst(arrRp+2) exhibited elevated expression levels of most of the 

defen~e related genes studiedly upon challenge inoculation with Pst, PR gene transcripts 

accumulated to a higher levels in SAR- expressing plants than is control treated and ISR 

expressing plants, indicating that SAR involves potentiation of SA responsive PR gene 

expression. In contrast pathogen challenge of ISR expressing plants, let to an enhanced 

level of ATVSP transcripts accumulation. The other jasmonate responsive defense related 

genes studied were not potentiated during ISR, indicating the ISR is associated with the 

potentiation of specific jasmonate responsive genes. 

Cattelan et a!. (1999) conducted a study to identify the specific traits by which 

plant growth promoting rhizobacteria (PGPR) promote plant growth. They selected 116 

isolates from bulk soil and the rhizosphere of soybean and examined them for a wide 

array of traits that might increase early soybean growth in non sterile soil (PGPR traits). 

A sub sample of 23 isolates, all but one of which tested positive for or one or more of 

these PPGR traits, was further screened for traits associated with biocontrol, brady

rhizobia! inhibition, and rhizosphere competence. Six of eight isolates positive for 1-

aminocyclopropane-1- carboxylate (ACC, a precursor of ethylene) deaminase production, 

four of seven isolates positive for siderophore production, three of four isolates positive 

for p -1 ,3-glucanase production and two of five isolates, positive for P solubilization 

increased at least one aspect of early soybean growth. One isolate which did not share 

any of the PGPR traits tested in vitro except antagonism to Sclerotium rolftii and 

Sclerotinia sclerotiorum, also promote soybean growth. One of the 23 isolates changed 

bradyrhizobial nodule occupancy. Although the presence of a PGPR trait in vitro does not 

guarantee that a particular isolate is a PGPR, the result suggest that rhizosphere able to 

produce ACC deaminase and to a lesser extent, p -1,3- glucanase or siderophores or those 

able to solubilize P in vitro may increase soybean growth in non sterile soil. 
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Bolemberg and Lutenberg (2001) suggested that PGPR- mediated induced 

systemic resistance ISR is an important mechanism of biological disease control. They 

can hold soil aggregates, creating channels through which roots grow, soil fauna move 

and water percolates. Efficient PGPR should survive in the rhizosphere, make use of 

nutrients exuded by the plant roots, proliferate, be able to colonize the entire root system 

and compete with indigenous microbes. Ramamoorthy et al. (2001) confirmed that PGPR 

mediated ISR results in the reinforcement of plant cell wall by lignin, callose and 

phenolic compounds, alteration of the physiological and biochemical reaction of the plant 

cell and productions of antimicrobial substances, such as pathogenesis- related protein 

and phytoalexin. The prominent plant growth regulators (PGRs) and their analogues 

produced by PGPR are auxins, cytokinins, and gibberellins. Some PGPRs also release a 

blend of volatile components that promote growth (Ryu et al., 2003). 

Plants develop an enhanced defensive capacity against a broad spectrum of plant 

pathogens after colonization of the roots by selected strains of nonpathogenic biocontrol 

bacteria In Arabidopsis thaliana, this induced systemic resistance (ISR) functions 

independently of salicylic acid but requires an intact response to the plant hormones 

jasmonic acid (JA) and ethylene. Pieterse et.al. (2000) in their investigation found that 

upon treatment of the roots with ISR inducing WCS417r bacteria, neither the JA content, 

nor the level of ethylene evolution was altered in systemically resistant leaves. These 

results indicate that rhizobacteria- mediated ISR is not based on the induction of changes 

in the biosynthesis of either JA or ethylene. However, in ISR-expressing plants the 

capacity to convert 1-arninocyclopropane-1-carboxylate (ACC) to ethylene was 

significantly enhanced, providing a greater potential to produce ethylene upon pathogen 

attack. 

Strains isolated from naturally disease - suppressive soils, mainly fluorescent 

Pseudomonas Spp. have been demonstrated to reduce plant diseases by suppressing soil

borne pathogens. Some of these biological control strains are also able to reduce disease 

caused by foliar pathogens by triggering a plant mediated resistance mechanism called 

induced systemic resistance (ISR). The potential of PGPR in relation to improved tea 

growth has also been recognized by Pandey et al. (2000), Pandey and Palni (2002). 
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Rhizosphere colonization is one of the first steps in the parthenogenesis of soil 

borne microorganisms. It can also be crucial for the action of microbial inoculants used 

as biofertilizers, biopesticides, phytostimulators and bioremediayors. Pseudomonas, one 

of the best root colonizers is therefore used as a model root colonizer. Lugtenberg et al. 

(200 1) focused on (a) the temporal spatial description of root colonizing bacteria as 

visualized by confocal laser scanning microscopical analysis of autofluorescent 

microorganisms, and (b) bacterial genes and the traits used for the colonization of root 

and of animal tissues, indicating the general importance of a study. 

Plant growth promoting rhizobacterial strains belonging to fluorescent 

pseudomonas were isolated from the rhiZosphere of rice and sugarcane by Kumar et al. 

(2002). Among 40 strains that were confirmed as Pseudomonas jluorescens, 18 exhibited 

strong antifungal activity against Rhizoctonia bataticola and Fusarium oxysporum, 

mainly through the production of antifungal metabolites. Genotyping of these P. 

fluorescens strains was made by PCR-RAPD analysis, since differentiation by 

biochemical methods was limited. 

Mikanova and Novakova (2002) reported that Microbial solubilization of hardly 

soluble mineral phosphates in soil is an important process in natural ecosystem and in 

agricultural soil. Regulation of the P-solubilizing activity by the presence of soluble 

phosphates in medium was determined. For this reason they decided to test a number of 

soil bacteria showing a high P-solubilizing activity for its sensitivity to the presence of 

soluble dihydrogen potassium phosphate in medium. At these studies, the direct 

determination of the solubilized phosphate in medium was masked by the presence of 

relatively high concentration of soluble phosphate added. Therefore, we have modified 

the method, determining the residual tricalcium phosphate. The effect of soluble 

phosphate in medium on the P-solubilizing activity of rhizosphere isolates and strains of 

Rhizobium were tested in liquid cultures with the addition of various concentration of 

soluble KH2 P04. The medium was filtered after incubation and the remaining tricalcium 

phosphate was separated by filtrations. Filter papers with the remaining tricalcium 

phosphate were hydrolyzed with 2N H2S04. Phosphorus was determined 

spectrophotometrically. The P-solubilizing activity was expressed as a difference 

between the tricalcium phosphate added and its reminder after the incubation. These 
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results fully confirmed that there exist the strains, whose P-solubilizing activity IS 

inhibited and other strains, whose P-solubilizing activity is not inhibited or is inhibited 

very little in the presence o f soluble phosphate. The use of our adapted method was much 

more suitable for this type of experiments. 

Rhizosphere bacteria are excellent agents to control soil-borne plant pathogens. 

Bacterial species like Bacillus, Pseudomonas, Serretia and Arthrobacter have been 

proved in controlling the fungal diseases. As they have chitinolytic activity. Non 

pathogenic soil Bacillus species offer several advantages over other organisms as they 

form endosphores and can tolerate extreme pH, temperature and osmotic conditions 

reported by Basha and Ulaganathan (2002). 

Thus it is very important that organic manures should be supplied with effective 

strains of beneficial microorganisms. Competition for colonization sites and nutrients, 

scavenging nutrients, niche exclusion, production of anti- fungal compounds, excretion of 

sideriophores, growth inhibition via the production of bacteriocins and antibiotics, and 

induction of plant resistance have been the mechanisms involved in the disease 

suppressions reported by Ongena et a/. (2002). Some of the characterized antibiotics 

produced are phenazines (Phz), Pyouteorin(Plt), Phloroglucinols(Phl), pyrrolitrin (Pm) 

and hydrogen cyanide (HC ). 

Pieterse et al. (2002) confirmed that to protect themselves from the disease, plants 

have evolved sophisticated defense mechanisms in which the signal molecules salicylic 

acid, jasmonic acid and ethylene o ften plays crucial roles The phenomenon of systemic 

acquired resistance (SAR) suggests that there is a signal that originates at the site of 

elicitor (biotic or abiotic) application and moves throughout the plant. The activation of 

SAR turns the compatible plant- pathogen interaction into an incompatible one, reported 

by Uknes et a/. (1992). This resistance was correlated with the accumulation of 

pathogenesis related (PR) proteins, generally assumed to be markers of defense response 

added by Ward et al. ( 199 J ). 

Experiments were conducted during 2000 and 200 I to determine the effects of 

floral and foliar application of the bacterial strain Bacillus OSU 142 on the yield., growth 

and nutrient element composition o f leaves of the apricot cultivar Haciha1 iloglu grown in 

the Malatya province of turkey. In 2000, trees were sprayed with a bacterial suspensjo)l at 
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full bloom, and 30 and 60 days after full bloom. This experiment demonstrated 

significant differences in yield, shoot length and nutrient element composition of leaves 

only on trees treated at the full bloom stage. In view of this, the bacterial application was 

performed only at full bloom in 2001. The average increase in yield in 2000 and 2001 

was 30% and 90% respectively, compared with the untreated control. Shoot length 

development was significantly higher when trees were treated with OSU 142 at full 

bloom stage in both years. Similarly, N, P, K, Ca and Mg contents of leaves were higher 

on OSU 142-treated trees then on the untreated control. The results of this study by 

Esitken et al. (2003) suggest that OSU 142 has the potential to increase the yield of 

apricot trees. 

PGPRs play important role in phytostimulation, phytoremediation and 

biofertilization. PGPR improve plant growth in two different ways, directly or indirectly. 

The direct promotion of plant growth by PGPR is through production of plant growth 

promoting substances or facilitation of uptake of certain nutrients from the soil. On the 

other hand, PGPR can also prevent the proliferation of phytopathogens and thereby 

support plant growth. One of the mechanisms involved here is through their ability to 

produce sideriophores for sequestering iron. The secreted sideriophore binds to the Fe3+ 

that is available in the rhizosphere and thereby effectively prevent growth of pathogen in 

that region which was confirmed in the work of Kumar et al.(2002). Important traits of 

PGPR include production of EPS (Exopolysachharide), plant hormones, siderophores, 

bacteriocins, solubilisation of phosphorus and calcium and antibiotic resistance. 

Boding et al. (200 1) observed that, unfavorable pH and high reactivity of 

aluminum and iron in soil decrease P availability as well as added P- fertilizer; however 

there is a possibility of greater utilization of unavailable P form by the action of 

phosphate mobilizing micro-organism. Previous works have shown the potential of local 

beneficial microorganisms for nutrient uptake and crop production in central Africa. 

Soil microbiota communities have demonstrated their crucial role in maintaining 

the soil ecological balance and therefore the sustainability of either natural ecosystem or 

agroecosystem. Rhizospheric microbe plant interactions have a great influence on plant 

health and soil quality since these root- associated microorganisms are able to help the 

host plant to deal with drought, nutritional and soil- borne pathogens stress conditions. 
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Plant growth promoting rhizobacteria (PGPR) can be considered among rhizosphere

beneficial microorganisms. In a micropropagated plant system, bacterial inoQulation at 

the beginning of the acclimatization phase must also be observed from the perspective 

of the establishment of the soil microbiota rhizosphere (Hao et al., 2002). 

Three strains of plant growth promoting fluorescent Pseudomonas (HPR6, 

RRLJ008 and RRLJ134) were studied for their effects on growth and yield of French 

bean (Phaseolus vulgaris L.) under field conditions by Boruah et a!. (2003). They 

examined the effects of these strains on nature of root developments and leaf palisade 

tube length. The strains induced positive response on growth and physioiogical 

parameters resulting in higher yield in P. vulgaris. Strain HPR6 produced the most 

promising results in thickening of leaf palisade layer, spreading of lateral roots and 

production of root hairs. The increase in specific leaf weight (SL W), net assimilation rate 

(NAR) and relative growth rate (RGR) by these strains was 68%, 152% and 167% 

respectively. The growth and yield parameters were also significantly improved 

compared to the uninoculated control. Antibiotic resistant mutant strains demonstrated 

that these bacteria effectively colonized the rhizosphere of French bean. The results 

suggest that the strains could be developed for field application on a large scale. 

Bacterial species employ complex communication mechanisms termed quorum

sencing (QS) that link cell density with gene expression. In this process diffusible signal 

molecules, auto inducers like acyl-homoserine lactones, accumulate in the extra cellular 

environment, attain a critical threshold concentration and trigger the response which leads 

to gene expression. Besides operation of QS in the rhizosphere, it is apparent that some 

cross- talk between bacterial forms also occurs: plant growth promoting bacteria such as 

Pseudomonads, Bacilli, etc. can influence the operation of QS systems in plant 

pathogenic forms. At threshold cell-density level, bacteria produce substances that inhibit 

proliferation of pathogens; beneficial bacteria responsible for nitrogen fixation on the 

other hand, use QS to optimize nodule formation on plants roots, reported in the review 

of Sharma et al. (2003). 

Colonization of the rhizosphere by microorganisms results in modifications in 

plant growth and development. The review by Persello et al. (2003) examined the 

mechanisms involved in growth promotion by plant growth promoting rhizobacteria 
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which are divided into indirect and direct effects. Direct effects include enhanced 

provision of nutrients and the prod\lction of phytohormones. Indirect effects involve 

aspects of biological control, the production of antibiotics and iron chelating siderophores 

and the induction of plant resistance mechanisms. The study of the molecular basis of 

growth promotion demonstrated the important role of bacterial traits (motility, adhesion, 

and growth rate) for colonization. New research areas emerge from the discovery that 

molecular signaling occurs through plant perception of eubacterial flagellins. Recent 

perspectives in the molecular genetics of cross-talking mechanisms governing plant

rhizobacteria interactions were also discussed. 

Tank and Saraf (2003) isolated nine different bacteria from the rhizosphere of 

field grown Trigonella and further identified as Bacillus, Pseudomonas, Azotobacter, 

Rhizobium and Azospirillum. They were examined for solubilization of phosphate and 

production of exopolysaccharide and indole acetic acid. In addition to pseudomonas 

isolate (TP2), Rhizobium also showed high tricalcium phosphate solubilizing activity 

both solid and liquid medium. Increased incubation time and shake conditions improved 

the level of phosphate solubilizing activity in Bacillus isolate TB3. Azospirillum 

produced more exopolysaccharide and its hexose content was also higher in comparison 

to other isolates. Indole acetic acid production was maximum in Rhizobium after 96 h of 

incubation. The study supports that Rhizobium can be considered as an important PGPR 

for legume as well as non- legumes. 

A series of laboratory, greenhouse and field experiments were conducted by 

Niranjan et al. (2003) on the strains of plant growth promoting rhizobacteria. The PGPR 

were tested as suspension of fresh cultures and talc- based powder formulation. 

Evaluations were conducted on pearl millet (pennisetum glauCllm} for growth promotion 

and management of downy mildew caused by Sclerospora graminicola. All treatments 

with fresh suspension and powdered formulation showed enhancement in germination 

and vigor index over the respective untreated controls. With fresh suspensions, maximum 

vigor index resulted from treatments by Bacillus pumilus strain INR7 followed by B. 

subtilis strain IN937b (64 and 38% higher then the untreated control, respectively) with 

powdered formulation, treatment with strain INR 7 also resulted in the highest 

germination and vigor indexes, which were 10 and 63%, respectively, over the untreated 



21 

control. Under experimental plot conditions, prominent enhancement in growth also was 

observed in the disease tests. Yield was enhanced 40 and 37% over the untreated control 

by seed treatment with powdered formulations of strains INR7 and SE34, respectively. 

The same strains also increased yield by 36 and 33%, respectively. When applied as fresh 

suspensions. Studies on downy mildew management resulted in varied degrees of 

protection by the PGPR both under greenhouse and field conditions. With fresh 

suspensions, treatment with INR7 resulted in the highest protection (57%), followed by 

B. pumilus strain SE34 and B. subtilis strain GB03, which resulted in 50 and 43% 

protection, respectively, compm··~d with the untreated control. With powdered 

formulation, PGPR strain INR7 suppressed downy mildew effectively, resulting in 67% 

protection, while SE34 resulted in 58% protection, followed by GB03 with 56% 

protection. Treatment with Apron (Metalaxyl) resulted in the highest protection against 

downy mildew under both greenhouse and field conditions, thus, the present study 

suggest that the tested PGPR, both as powdered formulations and fresh suspensions, can 

be used within pearl millet downy mildew management strategies and for plant growth 

promotion. 

The search for PGPR and investigation of their modes of action are increasing at a 

rapid pace as efforts are made to exploit them commercially as biofertilizers. These 

microorganisms have important contributions towards the growth and development of 

plants. Plant growth promoting rhizobacteria increase plant growth directly by producing 

hormones, siderophores or by solubilizing phosphates or indirectly either by the 

suppression of well known diseases caused by major pathogens or by reducing the 

deleterious effects of minor pathogens. Considering the importance of the role of PGPRs 

in agriculture and understanding their mechanisms of action, several authors (Lugtenberg 

et a/.,2001; Whipps,2001; Haas and Keel, 2003;, Morris and Monier, 2003; Morgan 

et al., 2005) have reviewed this topic exhaustively. 

Efficacy of seven strains of Pseudomonaas jluorescens (Pft 17), plant growth 

promoting rhizobacteria (PGPR), were tested by Sharma et al. (2002) under field 

condition for their ability to protect Cicer arietinum against Sclerotium roljSii infection. 

Best protection was observed in strains pft3 where 23% seedling mortality was recorded 

in comparision to 44% in non- treated control. To correlate the induction of phenolic 
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compounds by the PGPR with disease resistance, qualitative and quantitative alterations 

of phenolic conpounds in different parts of C. arietinum were estim.ated following PGPR 

application as seed trratment. High performance liquid chromatographic (HPLC) analysis 

of the leaves, collars and roots of the PGPR -treated and nontreated (control) plants 

showed the presence of gallic, ferulic, chlorogenic and cinnamic acids with varied 

amounts in the PGPR treated as well as non treated plants. Maximum accumulation of 

cinnamic acid was observed in plants treated with pft3 strain (1660ng1 fresh wt) which 

was almost 19.5 times higher then untreated control plants and also significantly high 

when compared to other PGPR treatments. Pft3 also caused maximum accumulation of 

total phenolics and gallic acid in all chickpea plant as compared to other treatments and 

untreated control. A direct relationship between the level of total phenolics and seedling 

survivability was observed. PGPR -mediated induction of phenolic compounds as a 

biochemical banier in C. arietinum against S rolftii infection was envisaged 

Tank and Saraf (2003) reported that addition of PGPR and their biomolecules, 

help in crop production without adversely affecting the soil health. Phosphorus directly 

affects nitrogen fixation which is a principal yield limiting nutrient in many areas of the 

world, EPS production provides to the producing organisms several ecological 

advantages especially in ecosystem like soil and finally microbially released plant growth 

promoting substance like IAA have been found to show positive influence on plant 

growth. 

According to Penrose and Glick (2003) one of the major mechanisms utilized by 

plant growth promoting rhizobacteria (PGPR) to facilitate plant growth and development 

is the lowering of ethylene levels by deamination of 1-aninocyclopropane-1-carboxylic 

acid (ACC) the immediate precursor of ethylene in plants.the enzyme catalyzing this 

reaction, ACC deaminase, hydrolyses ACC to alpha-ketobutyrate and arnrnonia. Several 

bacterial strains that can utilize ACC as a sole source of nitrogen were isolated from 

rhizosphere soil samples. All of these strains were considered to be PGPR based on the 

ability to promote canota seedling root elongation under gnotobiotic conditions. The 

treatment of the plant seeds or roots with these bacteria reduced the amount of ACC in 

plants, thereby lowering the concentration of ethylene. 



23 

In order to select potential plant growth promoting rhizobacteria, a selection of 

strain from the predominant genera in the rhizosphere of four lupine species, b115ed on 

genetic divergence criteria was carried out in a study by Gutierrez-Manero et a!. (2003) 

this yielded 11 Aureobacterium (Aur), 4 Cellulomonas (Cell), 2 Arthrobacter (Arth), 2 

Pseudomonas (Ps) and 6 Bacillus (Be) strains. Cell free culture filtrates of each bacterium 

were assayed for effects on ge11]1ination, growth and biological nitrogen fixation (BNF) 

of Lupinus a/bus L.cv Multolupa seeds, or seedling. Four (Aur6,Aur9, Aur11 and Cell 1) 

of the twenty five strains assayed promoted germination. Aureobacterium 6 and Aur 9 

also increased root surface total nitrogen content, and BNF. As a result of screening, and 

considering the entire variable studied, author suggested that Aur 6 can be considered a 

plant growth promoting rhizobacterium suitable for futher field trials in other plants and 

in different production system 

Ryu et al. (2003) showed that some PGPRs release a blend of volatile components 

that promote growth of Arabidopsis thaliana; in particular, the volatile components 2.3-

butanediol acetoin were released exclusively from two bacterial strains that trigger the 

greatest level of growth promotion. Furthermore, pharmacological applications of 2,3-

butanediol enhanced plant growth whereas bacterial mutants blocked in 2.3- butanediol 

and acetion synthesis were devoid in this growth promotion capacity. The demonstration 

that PGPR strains release different volatile blends and that plant growth is stimulated by 

differences in these volatile blends establishes an additional function for volatile organic 

compounds as signaling molecules mediating plant- microbe interactions. 

A large number of microorganisms were isolated from the rhizosphere of tea 

bushes ranging in age from 10-90 yrs. growing in tea estates of Dmjeeling and Dooars 

regions, which are important tea growing regions of India. Maximum population was 

observed in forty year old bushes and minimum in ten year old ones. All the isolates, 

including both fungi and bacteria were tested for antagonism against three tea root 

pathogensc Poria hypobrumea, Fornes lamaoensis and Sphaerostilbe repens causing root 

rot, brown root rot and violet root rot, respectively of 105 bacterial and 50 fungal isolates 

tested, four bacterial isolates were antagonistic to all three pathogen. These bacteria were 

identified as Serratia marcescens, Ochrobactrum anthropi, Bacillus megaterium and 

Bacillus pumilus. The bacteria inhibited the growth of the pathogen in both solid and 
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liquid media. These bacteria, when applied as soil drench to tea seedling and potted 

plants of two three varieties respectively, significantly increased growth rate of both 

seedling and older bushed , in terms of increase in plant height, number of branches and 

number of leaves. In vitro tests with these bacteria revealed their ability, in varying 

degrees, to produce siderophore, indole acetic acid, volatiles and to solubilize phosphate. 

None of the bacteria produced hydrogen cyanide Chakraborty et al., ( 2004) 

Suryakala et al. (2004) isolated plant growth promoting rhizobacteria belonging 

to fluorescent pseudomonas from rhizosphere of rice, wheat, pigeon pea, groundnut and 

chilli crops. The isolates belonged to Pseudomonas fluorescens and produced 

extracellular siderophores when grown in casamino acid medium under iron deficiency. 

The siderophores were found to be of trihydroxamate type pyoverdines forming 

hexadentate legends with Fe+ 3 ions. These siderophoers were antagonistic to fungal 

pathogen like Fusarium oxysporum, Alternaria sp. and Colletotricum capsicii. Although 

significant control of plant pathogens or direct enhancement of plant development has 

been demonstrated by PGPRs in the laboratory and in the greenhouse, results in the field 

have been less consistent. Because of these and other challenges in screening, 

formulation, and application, PGPRs have yet to fulfill their promise and potential as 

commercial inoculants. Recent progress of their diversity, colonization ability, and 

mechanisms of action, formulation, and application should facilitate their development as 

reliable components in the management of sustainable agricultural systems. Although 

significant control of plant pathogens or direct enhancement of plaut development has 

been demonstrated by PGPR in the laboratory and in the greenhouse, results in the field 

have been less consistent Nelson (2004). 

Talc-based formulations containing cells of Pseudomonas fluorescens, Bacillus 

subtilis and Saccharomyces cerevisae were evaluated for their potential to attack the 

mango (Mangifera indica) anthracnose pathogen Colletotricum Gloeosporiodes under 

endemic conditions by Vivakananthau et al. (2004). The preharvest aerial spray was 

given at fortnightly and monthly intervals. The plant growth promoting rhizobacteria 

Pseudomonas jluorescens (FP7) amended with chitin sprayed at fortnightly intervals gave 

the maximum induction of flowering, a yield attribute in the preharvest stage, 

consequently reduced latent symptoms were recorded at he post harvest stage. An 
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enormous induction of the defense - mediating lytic enzymes chitinase and ~- 1,3-

. glucanase was recorded in colorimetric assay and the. expression of discrete bands in 

native PAGE analysis after FP7 + chitin treatment. 

In greenhouse experiments conducted by Lavania et al. (2006)., plant growth 

promoting rhizobacteria (PGPR) Serratia marcescens NBR1213 was evaluated for plant 

growth promotion and biological control of foot and root rot of Betel vine caused by 

Phytophthora nicotianae. Bacterization of betel vine (Piper betle L.) cutting with S. 

marcescens NBRI1213 induced phenylalanine ammonia-lyase, peroxidase, and 

polyphenoloxidase activities in leaf and root. Qualitative and quantitative estimation of 

phenolic compounds was done through high- performance liquid chromatography 

(HPLC) in leaf and root of betelvine after treatment with S. marcescens NBI1213 and 

infection by P. nicotianae. Major phenolics detected were gallic, protocatechuic, 

chi orogenic, caffeic, ferulic, and ellagic acids by comparison of their retention time with 

standards through HPLC. In all of the treated plants, synthesis of phenolic compounds 

was enhanced compared with control. Maximum accumulation of phenolics was 

increased in S. marcescens NBRI1213-treated plants infected with P. nicotianae. In a 

greenhouse test, bacterization using S. marcescens NBRI1213 decreased the number of 

diseased plants compared to nonbacterized controls. There were significant growth 

increases in shoot length, shoot dry weight, root length, and root dry weight, averaging 

81%, 68%, 152% and 290%, respectively,greater then untreated controls. This is the first 

report of PGPR- mediated induction of phenolics for biologic control and their probable 

role in protecting betelvine against P. nicitianae, an important soil- borne 

phytopathogenic fungus. 

Field trials were conducted by Kokalis- Burelle et a/. (2006) in Florida on bell 

pepper (Capsicum annuun) to monitor the population dynamics of two plant growth 

promoting rhizobacteria strains (Bacillus substilis strain GB03 and Bacillus 

anyloliquefaciens strain IN937a) applied in the potting media at seeding and at various 

times after transplanting to the field during the growing season. In field drenches aqueous 

bacterial formulation were used for the mid- season applications. The effects of the 

applied PGPR and application methods on bacterial survival, rhizosphere colonization, 

plant growth and yield, and selected indigenous rhizosphere microorganisms were 
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assessed. The Gram- positive PGPR applied to the potting media established stable 

population in _the rhizosphere that persisted throughout the growing season. Additional 

aqueous applications of PGPR during the growing season did not increase the population 

size of applied strains compared to treatments only receiving bacteria in the potting 

media; however, they did increase plant growth compared to the untreated control to 

varying degrees in both trials. Most treatments also reduced diseases incidence in a 

detached leaf assay, indicating that systemic resistance was induced by the PGPR 

treatments. However, treatments did not adversely affect population of beneficial 

indigenous rhizosphere bacteria including Flu:>rescent Pseudomonas and siderophore 

producing bacterial strains. Treatment with PGPR increased root diseases incidence. This 

fungal response to the PGPR product was likely due to an increase in nonpathogenic 

chitinolytic fungal strains resulting from the application of chitosan, which is a 

component of the PGPR formnlation applied to the potting media. 

In search of efficient PGPR strains with multiple activities, a total of 72 bacterial 

isolates belonging to Azotobacter, fluorescent Pseudomonas, Mesorhizobium and 

Bacillus were isolated from different rhizospheric soil and plant root nodules in the 

vicinity of Aligarh by Ahmad et al. (2006). These test isolates were biochemically 

characterized and were screened in vitro for their plant growth promoting traits like 

production of indoleacetic acid (IAA), annnonia (NH3), hydrogen cyanide (HCN), 

siderophore, phosphate solubilization and antifungal activity. More then 80% of the 

isolates of Azotobacter, fluorescent Pseudomonas and Mesorhizobium ciceri produced 

IAA, whereas only 20% of Bacillus isolates was IAA producer. Solubilization of 

phosphate was commonly detected in the isolates of Bacillus (80%) followed by 

Azotobacter (74.47%), Pseudomonas(55.56%) and Mesorhizobium (16.67%). All test 

isolates could produce annnonia but none of the isolates hydrolysed chitin. Siderophore 

production and antifungal activity of these isolates except Mesorhizobium were exhibited 

by 10-12.77% isolates. HCN production was more common trait of Pseudomonas 

(88.89(%) and Bacillus (50%). On the basis of multiple plant growth promoting 

activities, eleven bacterial isolates (seven Azotobacter, three Pseudomonas and one 

Bacillus) were evaluated for their quantitative IAA production, and broad -spectrum 

(active against three test fungi) antifungal activity. Almost at all concentration of 

tryptophan (50-SOOf.Lg/ml), IAA production was higest in the Pseudomonas followed by 
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Azotobacter and Bacillus isolates. Azotobacter isolates (AZT3, AZT13 AZT23), 

Pseudomonas (Ps5) and Bacillus (B1) showed broad-spectrum antifungal activity _on 

Muller-Hinton medium against Aspergillus, one or more species of Fusarium and 

Rhizoctonia bataticola. Further evaluation of the isolates exhibiting multiple plant growth 

promoting (PGP) traits on soil- plant system is needed to uncover their efficacy as 

effective PGPR. 

Bacillus megaterium TRS-4 was isolated from tea rhizosphere and tested for its 

ability to promote growth and disease reduction in tea plants by Chakraborty et al. (2006) 

In vitro studies reavealed the ability of this bacterium to promote growth of tea plants 

very significantly. Brown root rot disease, caused by F. lamaoensis was markedly 

reduced by application of the bacterium to the soil. Population of F. lamaoensis in soil 

before and after application of B. megaterium as determined by ELISA and dot-blot using 

P Ab raised against the pathogen, was shown to be greatly reduced in presence of the 

bacterium. Biochemical changes induced in tea plants were also examined by .Root 

colonization by B. megaterium and subsequent inoculation with F. lamaoensis led to an 

increase in polyphenolics, as well as in defense related enzymes peroxidase chitinase, ~-

1,3- glucanase and phenylalanine ammonia lyase. Determination of mechanism of action 

of this bacterium reavealed it to be able to solubilize phosphate, produce IAA, 

Siderophore and antifungal metabolism. The plant growth promotion and reduction of 

disease intensity have shown to be due to a combination of several mechanisms. 

A total of 30 bacteria were isolated from the rhizoplane of rice cv. BR29 

cultivated in Mymensingh, Bangladesh and from the seedlings obtained from surface

sterilized seeds of BR29 by Islam et al. (2007). Upon screening, 6 isolates showed 

varying levels of phosphate solubilizing activity in both agar plate and broth assays using 

National Botanical Research Institute's phosphate medium. The bacterial isolates were 

identified based on their phenotypic and 16S rRNA genes sequencing data as 

Acinetobacter sp. BR-12, Klebsiella sp. BR-15, Acinetobacter sp. BR-25, Enterobacter 

sp. BR-26, Microbacterium sp. BRS-1 and Pseudomonas sp. BRS-2. The BR-25 

exhibited highest phosphate solubilizing activity followed by BR-15. They grew rapidly 

in the liquid medium at pH 5 and 7 but almost no growth occurred at pH 3. The pH value 

of the culture medium was decreased with bacterial growth suggesting that they might 



28 

secrete organic acids to solubilize insoluble phosphorus. Scanning electron microscope 

analysis of two-week-old rice seedlings germinated from seeds previously inoculated 

with BR-25 and BR-15 revealed dense colonization at the root surfaces presumably using 

fimbriae on the bacterial cells. 

Sood et al (2008) studied Rhizospheric soils of plants for bacterial dominance and 

antagonism. Representatives of Bacillus and Pseudomonas genera were found to 

dominate the rhizosphere of established and abandoned tea bushes, respectively. 

Amongst the isolated species Bacillus subtilis and Bacillus mycoides appeared to be 

closely associated with roots of established tea bushes while the rhizosphere of 

abandoned tea bushes was dominated by Pseudomonas putida. Four isolates of both B. 

subtilis and P. putida were selected on the basis of maximum antibacterial activity. The 

bacteriocin- like activity of B. subtilis and P. putida strains was detected to be active over 

a range of temperature 0-50°C and was sensitive to proteolytic enzymes. Incubation of 

indicator strains with different concentrations of bacteriocin- like substances confirmed 

their bacterial activity. Various species of Bacillus and Pseudomonas behaved 

antagonistically amongst themselves due to the production of bacteriocins under in vitro 

conditions. 

Biodegradation of miticide propargite was carried out in vitro by selected 

Pseudomonas strains isolated from tea rhizosphere. A total number of 13 strains were 

isolated and further screened based on their tolerance level to different concentrations of 

propargite. Sarkar et a!., (2009) selected five best strains were and further tested for their 

nutritional requirements. Among the different carbon sources tested glucose exhibited the 

highest growth promoting capacity and among nitrogen sources ammonium nitrate 

supported the growth to the maximum. The five selected Pseudomonas strain exhibited a 

range of degradation capabilities. Mineral salts medium (MSM) amended with glucose 

provided better environment for degradation with the highest degradation potential in 

strain SPR 13 followed by SPR 8 (71.9% and 69.0% respectively). 

Chakraborty et al. (2009) also evaluated one of the PGPRs, Ochrobactrum 

anthropi TRS-2 isolated from tea rhizosphere and its talc based formulation for growth 

promotion and management of brown root rot disease of tea caused by Phellinus noxius. 

0. anthropi could solubilize phosphate, produce siderophore and IAA in vitro and also 
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exhibited antifungal activity against six test pathogens. Application of an aqueous 

suspension of 0. anthropi to the rhizosphere of nursery grown tea seedlings of five 

varieties of tea (TV-18, T-17, HV-39,S-449 and UP-3) led to enhanced growth of the 

treated plants, as evidenced by increase in height, in the number of shoots and number of 

leaves per shoot. Treatment with 0. anthropi also decreased brown root rot of tea 

Multifold increase in activities of chitinase, ~-1 ,3- glucanase, peroxidase and 

phenylalanine anunonia lyase in tea plants was observed on application of 0. anthropi to 

soil followed by inoculation with P. noxius. A concomitant increase in accumulation of 

phenolics was also obtained. Further, talc l;ased formulation of 0. anthropi was prepared 

and its survival determined every month up to a period of 12 months. 0. anthropi could 

survive in the formulation up to a period of 9 months with a concentration of 

7.0 log10 CFU g-1, after which there was a decline. Talc formulation was as effective as 

aqueous suspensions in both plant growth and disease suppression. 

Phosphate solubilizing fungi 

Phosphorus is one of major limiting factors for crop production on many tropical 

and subtropical soils as a result of high phosphorus fixation, a large portion of soluble 

inorganic phosphate applied to soil as chemical fertilizer is rapidly immobilized soon 

after application and becomes unavailable to plants. The concentration of soluble 

phosphorus (P) in tropical soil is usually very low. While most mineral nutrients in soil 

solution are present in millimolar amounts, phosphorus is only available in micromolar 

quantities or less. The majority of applied phosphorus is rapidly fixed in soil into 

fractions that are poorly available to plant roots. Inorganic phosphates are predominant 

form of inorganic phosphates in neutral or calcareous soils (Russel, 1973; Sample eta/., 

1980; Ozanne, 1980; McLaughlin eta/., 1988; Dey, 1988; Sanyal and De Datta, 1991; 

Goldstein, 1994; Norman eta/., 1995; Yadav and Dadarwa1, 1997; Gyaneshwar et al., 

2002). 

Pikovskaya (1948) isolated a bacterium from soil and P bearing rocks which he 

called P bacterium having the ability to form water soluble P from insoluble calcium 

phosphate. PSMs solubilize insoluble phosphates into soluble form in soil by secreting 

formic, acetic, propionic, lactic, glycolic, fumaric and succinic acids. These acids lower 

the pH and bring about solubilization. Glucose, sucrose and galactose are the best carbon 
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source for phosphate solubilization. Decrease pH in the medium during phosphate 

solubilization is due to the release of organic acid by isolates. Gluconic acid is the most 

commonly produced acid during phosphate solubilization other mechanism like co2 and 

H2S production and chelation of other acids are also responsible for phosphate 

solubilization. 

Compared with the other major nutrients, phosphorus is by far the least mobile 

and available to plants in most soil conditions. Although phosphorus is abundant in soils 

in both organic and inorganic forms, it is frequently a major or even the prime limiting 

factor for plant growth. Phosphorus is added in the form of phosphatidic fertilizers, part 

of which is utilized by plants and the remainder converted into soluble fixed forms. To 

circumvent phosphorus deficiency, phosphate-solubilizing microorganisms (PSM) could 

play an importaot role in supplying phosphate to plants in a more environmentally

friendly and sustainable manner. 

AM fungi, on the other hand, encourage the plant roots to rapidly absorb 

solubilized P. Kucey et al. (1989) in their review shown that, accordingly the increase in 

plant growth may be due to the release of certain plant growth promoting substances by 

the PS organism or AM development and mycorrhizal formation. As we know that 

Phosphorns is one of the major nutrients limiting plant growth but Most of the soils 

throughout the world are P deficient and therefore require P to replenish the P demand by 

crop plants. To circumvent the P deficiency in soils, P fertilizers are applied. However, 

after application, a considerable amount of P is rapidly transformed into less available 

forms by forming a complex with AI or Fe in acid soils reported by Norrish and Roster 

(1983) orCa in calcareous soils before plant roots have had a chance to absorb it. Further, 

the use of rock phosphate as a phosphate fertilizer and its solubilization by microbes 

through the production of organic acids have become a valid alternative to chemical 

fertilizers, investigated by Kang et a! (2002). Rock phosphate is widely distributed 

throughout the world, both geographically and geologically; confirmed by Zapata, and 

Roy (2004), in conjugation with phosphate solubilizing microorganism. Rock phosphate 

provides a cheap source of P fertilizer for crop production. In this regard, several studies 

of Zaidi (1999), Gull et al. (2004) have conclusively shown that PSM solubilizes the 

fixed soil P and applied phosphates, resulting in higher crop yields. The alternative 
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approach is to use these PSM along with other beneficial rhizospheric microflora to 

enhance crop productivity. in this context, the simultaneous application of Rhizobium 

and arbuscular mycorrhizal fungi by Zaidi et a!. (2003) has shown to stimulate plant 

growth more then inoculation of each microorganism alone in certain situation when the 

soil is P Deficient. 

There are many possible reasons why AM fungi fail to show extensive and 

continuous growth unless they are part of a symbiotic partnership with a host root. It is 

postulated that they may have a simple nutritional requirement which due to our lack of 

knowledge has not yet been fulfilled, or it may be necessary to supply some nutrients· 

continuously at a low concentration or else these fungi may have lost a considerable part 

of their genetic material and this necessitates their interaction with the host's 

metabolisms. Becard and Fortin (1988) confirmed that growing root organ culture with 

an AM fungi under aseptic conditions was developed as an alternative system. Another 

important step forward was root exudates (quercetin, kaemferol, flavonoid, aglycover, 

formononetin and biochavin) which stimulated the hypha! growth of Gigaspora 

margarita was reported by Diop eta!. (1992) and Balaji eta!. (1995). 

Mycorrhizal plants show an enhanced growth rate as a result of improved 

phosphorus uptake the greater drought resistance of AM plants is probably an indirect 

benefit of improved phosphorus nutrition. Mycorrhizal plants may survive better under 

competitive field condition then non-mycorrhizal plants. Mycorrhizal fungi encourage the 

bacteria which grow on or near the hypha! surface or mycorrhizosphere reported by 

Nelson (1987). Many of these bacteria are antagonistic to plant pathogens or otherwise 

beneficial to plant growth. Later on Linderman (1994) showed that this antagonism, or 

improved phosphorus nutrition, may account for reports of arbuscular mycorrhizal fungi 

protecting hosts from pathogens. The benefits of these kind of symbiosis is, the colonized 

plant is better nourished and better adapted to its environments as it obtains increased 

protection against environmental stresses, including drought, cold, salinity and pollution 

which is confirmed in works of several authors (Davis and Young, 1985; Sylvia and 

Williams, 1992; Leyva! et al., 1994; Charest et a!., 1994, Subramanian et al., 1995; 

Paradis et al. 1995; Shetty et al., 1995). In addition, symbiosis tends to reduce the 

incidence of root diseases and minimizes the harmful effect of certain pathogenic agents 
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added by Dehne (1982). Mycorrhizal fungi provide an effective alternative method of 

disease control especially for those pathogen which affect the below ground plant parts 

was reported by Mukherji eta!. (1996). 

Chemical fertilizer have played a significant role in the green revolution , but 

unbalanced use of them, had led to reduction in soil fertility and to environmental 

degradation, reviewed by Gyaneshwar et a!. (2002). Phosphate availability in soil is 

greatly enhanced through microbial production of metabolites leading to lowering of PH 

and release of phosphate from organic and inorganic complexes. A survey of Indian soil 

revealed that 98% of soils are deficient in Phosphorous. Although P content in an average 

soil is 0.05% but only a fraction of this (about 0.1% of the total P present in soil) is 

available to the plants because of its chemical fixation and low solubility. Chemical 

phosphate fertilizer and their reaction products are only sparingly soluble under the 

condition in which they are applied to the soil. However, under such condition 

microorganisms offer a biological rescue system capable of solubilizing the insoluble 

inorganic P of soil and make it available to plants. PSM include largely bacteria and 

fungi, which can grow on various phosphorous containing compounds such microbes not 

only accumulate P but a large portion of soluble phosphate is released in quantities in 

excess of their own requirement. Rhizosphere microorganisms also have the ability to 

assimilate different macro- and micro- nutrients and release them to the soils. These 

nutrients are utilized by the plants in a mutualistic way. Rhizosphere microorganisms 

have been found to solubilize the low soluble calcium phosphates via the production of 

organic acids and chelating via the production of organic acid and chelating oxo- acids 

and make them available to the plants reported by Nwaga et a!. (2000). In particular, soil 

micro-organisms are effective in releasing P from inorganic P through solubilization, and 

form organic pools of total soil P by mineralization. 

Brunderett (1991) confirmed that the close contact created between the plant and 

fungus through the filamentous network allows the exchange of nutrients· for the survival 

and growth of the two partners. First, the wide dispersal of the fungus in the soil through 

its large filament network gives the fungus access to a much larger volume of soil then 

the roots system itself. The fungus filaments act more or less as a pump, supplying the 

root with a supplement of water and mineral salts to which it normally would not have 
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access. In return, the fungus receives from the plant metabolized nutrients that it is unable 

to synthesize itself, such as sugars, amino acids and secondary metabolites. EMC are the 

mycorrhizae of many dominant forest trees. The fungi are basidiomycetes or 

ascomycetes. EMC fungi may spread from root to root or by spores carried by animals or 

the wind. It may grow on artificial media, but in nature most fungal growth is in 

association with a host plant 

Role of AM fungi in uptake of phosphorus and nitrogen from soil was studied by 

George eta!. (1995). Colonization of plant roots by AM fungi can greatly increase the 

uptake of phosphorus and nitrogen. The most prominent contribution of AM fungi to 

plant growth is due to uptake of nutrients by extraradicle mycorrhizal hyphe. 

Quantification of hypha! nutrient uptake has become possible by the use of soil boxes 

with separated growing zones for roots and hyphae. Many tested fungal isolates increased 

phosphorus and nitrogen uptake of the plant by absorbing phosphate, ammonium and 

nitrate from soil. However, compared with the nutrient demand of the plant growth the 

contribution of AM fungi to plant phosphorus uptake is usually much larger than the 

contribution to plant nitrogen uptake. 

The utilization of soil nutrients may depend more on efficient uptake of 

phosphate, nitrate and ammonium from the soil solution even at low supply concentration 

than on mobilization processes in the rhizosphere. In contrast to ectomycorrhizal fungi, 

non soluble nutrient sources in soil are used to a limited extent by hyphae of AM fungi. 

Side effects of mycorrhizal colonization on plant health or root activity may also 

influence plant nutrient uptake. Mycorrhizal fungi produce siderophore was suggested by 

Haselwandter (1995). Data on mycorrhizal fungi and their potential to produce 

siderophores are reviewed. Based on a bioassay with Aureabacterium flavescens J G-9 it 

was shown that a number of ectomycorrhizal fungi produce hydroxamate siderophores. 

An AM grass species which showed greater iron uptake than non mycorrhizal controls 

tested positively when bioassayed for hydroxamate type siderophores. Ericoid 

mycorrhizal fungi can also produce hydroxamate type siderophores. However, only in the 

case of the ericoid mycorrhizal fungi the main siderophores have been isolated and 

subsequently identified as ferricrocin and fusigen, respectively. 
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This resistance was correlated with the accumulation of pathogenesis related (PR) 

proteins, generally assumed to be markers of defense response reported by Ward et al. 

(1991). The phenomenon of systemic acquired resistance (SAR) suggests that there is a 

signal that originates at the site of elicitor (biotic abiotic) application and moves 

throughout the plant. The activation of SAR turns the compatible plant pathogen 

interaction into incompatible one observed by Uknes et al., (1992) salicylic acid is the 

one among the plant derived substances that has been demonstrated to be an inducer of 

SAR. These observations led Davis and Ausubel, (1989] come to the conclusion, that 

there is a mobile signal that travel from the site of application of elicitor to distal plant 

part and is involved in lignifications of host cell with increase in phenyl propanoid 

derivatives, which are considered to be the factors involved in the plant defense against 

pathogen. 

Studies on the survival of inocula in suspension showed the following results: at 

room temperature, inoculum potential of Gigaspora sp. decreased after 2 weeks; that of 

Glomus mosseae after 6 weeks and G. fasiculatum after 8 weeks. Under refrigeration, 

inoculum potential of Gigaspora sp.decreased drastically after 8 weeks, that of the 2 

Glomus spp. also decreased after 8 weeks. At 40°C, inoculum potential of the 3 V AM 

fungi decreased after 8 weeks.for mycorrhizal roots reduction of inoculum potential for 

all 3 VAM fungi was observed only after 18 months of storage at ambient condition. 

Although the inoculum potential did not change considerably there was a reduction of the 

estimated number of infective propagules after storing them for 20 months at 4°C and 

refrigeration temperature reviewed by Luis et al. (1992). 

Brown et al. (1995) conducted experiments to develop a method for the 

production of V AM starter inoculum using Leonard jar and plastic tumbler. The set up 

was maintained at growth room conditions provided with light intensity of 10-15 klix, 

photo period at 14 hours a day and temperature at 25-30•c. Among the three host plant 

and potting media evaluated, com and perlite combination was found superior for root 

inoculum production. The composition of the nutrient solution was found to have a great 

influence on morphological anatomy of mycorrhizal root inoculum and the number of 

infective propagules. At high concentration of N and P neither arbuscules nor vesicules 

formed. Both become prominent with increasing dilution of these 2 elements in nutrient 
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solution. Increasing amount of F, Ca, and Mg from 20pm to 60ppm had no remarkable 

effect on V AM colonization. 

There are several determinants for mechanisms of growth promotion that include 

bacterial synthesis of the plant hormones, indole 3 acetic acid (IAA), cytokinin, and 

gibberellin, breakdown of plant produced ethylene by bacterial production of 1-

aminocyclopropane-1-carboxylate (ACC), deaminase, and increased mineral and N 

availability in the soil Glick (1995). PGPR can directly act as antagonists by productions 

of antimicrobial compounds such as antibiotics, competition for nutrients, or parasitism 

in the rhizosphere Bower and Rovuva (1999). Besides the direct interaction with soil 

borne pathogen, PGPR can also stimulate plant defense systemically against foliar 

pathogens. Phenomenon is known as induced systemic resistance (ISR) which is reported 

separately by Kloepper et al. (1992), Von Loon et al. (1998).For mechanism of ISR, 

previous works demonstrated that several bacterial determinants such as siderophores, 

SA, and lipopolysaccharides (LPS) contributed to ISR .Since the early 1990s, research on 

mechanism of biological control by PGPR revealed that some PGPR systemically induce 

disease resistance against a variety of pathogens in several crops, including bean, 

carnation, cucumber, radish, and tobacco confirmed in the work of Zhang et al. (2002). 

Research in last few decades has established that arbuscular mycorrhizae can 

improve plant growth through improved mineral uptake, resistance to water stress and 

root pathogens, and synergistic interaction with beneficial soil microorganisms, reviewed 

by Bagyaraj and Varma (1995). 

Under low soil P concentration, most plant species are dependent on a symbiotic 

association with arbuscular mycorrhizal fungi for the acquisition of P investigated by 

Smith and Read (1997). Under low N Fertilizer inputs, soil P availability is usually the 

major factor limiting the rate of N2- fixation in legume crops reported by Toro et al. 

(1998) and, in the absence of AMF infection, supplementary ofP fertilization is generally 

necessary for the maintenance ofN2-fixation rates by Rhizobium at the levels required for 

economically viable crop production observed by Andrade et al. (1998). In legumes the 

positive synergistic interactions among the members of the tripartite symbiotic 

association (rhizobium-AMP-legume) result in improved rates of P uptake N2-fixation 
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and crop biomass production under conditions of reduced N and P fertilizer inputs 

reported by Azcon et a/.(1991), Xavier and Germida (2002). 

It has been demonstrated that changes in the soil enviromnent, particularly in 

terms of its water and nutrient status, are able to appreciably affect the germination, 

growth, development and pathogenic behaviour of many soil microorganisms. In 

pathogenic fungi, quiescence of spores, mycelial lysis, and formation of resistant 

structures can be induced by microbial competition for nutrient and even for space. And 

the exogenous addition of nutrients can reverse the impact of such competition. 

Numerous studies have clearly shown that those mycorrhizal root systems are less 

susceptible to the attack of soil pathogens then non-mycorrhizal systems. Plant responses 

to fungal attack involve rapid induction of defense mechanisms including morphological, 

structural and biochemical changes, such deposition of lignin, callose and phenolic 

compounds, formation of papillae or cell wall appositions, and synthesis of pathogenesis 

related proteins (PR). Among PR- proteins, two plant hydrolases, B-1.3-glucanase and 

chitinase, these two enzymes are of particular interest because many pathogenic fungi 

contain B -1, 3- glucans and chitin as major structural cell wall components. And these 

two enzymes have the capability to degrade fungal wall components, resulting in growth 

inhibition of fungi. Phosphorus is an essential component of nucleic acids, ATP and other 

metabolites which are involved in important processes of cell metabolism. Phosphate 

solubilizing bacteria solubilize insoluble phosphate and make it available for plant 

growth, development and reproduction. Suppression of plant pathogens by 

microorganisms to reduce disease incidence is referred as biocontrol without disturbing 

ecological balance. With increasing awareness of enviromnental hazards, bio based 

technologies for sustainable agriculture and biopesticides can provide long lasting, 

effective solutions. If some of the phosphates solubilizing bacteria are found antagonistic 

to plant pathogens, the combinations of the two attributes will be of great advantage in 

crop production. in this present scenario, eco-friendly alternative strategies such as use of 

bacteria from phylloplane rhizosphere and endophytic bacteria have been explored by 

Mondo! et al. (1999), Saba et al. (200 1) and Bhowmik et a/. ( 2002), 
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Arbuscular mycorrhizal fungi are well known to bring about biochemical changes 

in plants by increasing various enzymatic activities. Acid phosphatase and nitrate 

reductase are important enzymes of phosphorus and nitrogen metabolism, respectively. 

Peroxidase and polyphenol oxidase are important components of the defense mechanism 

of plants against pathogens. Phenols are also important in plants disease resistance, 

reviewed by Panwar and Vyas (2002). 

The efficiency of eight AM fungi, Acaulospora me/lea Spain & Schenck, 

Gigaspora margarita Backer & Hall , Gigaspora gigantica (Nicol.& Gerd.) Gerd. 

&Trappe, Glomus deserticola Trappe, Bloss & Menge, Glomus fasciculatum (Thaxter 

sensu Gred. ) Gred. &Trappe, Sclerocystis rubiformis Gred. & Trappe, Scutellospora 

calospora (Nicol.&Gred. ) Walker & Sanders and Scutellospora niger (Red head) Walker 

& Sanders, collected from rhizosphere soils of Acacia leucophloea, were evaluated on the 

same host for nutrient uptake and enhancement of acid phosphatase, NR, PRO and PPO 

activities. Analysis performed after 180d of inoculation showed maximum beneficial 

effects with G. deserticola reported by Panwar and Vyas (2002) 

Beneficial plant - microbe interactions in the rhizosphere are primary 

determinates of plant health and soil fertility. Jeffries et a/. (2003) in their work observed 

that Arbuscular mycorrhizas are the most important microbial symbioses for the majority 

of plants important microbial symbioses for the majority of plants and under conditions 

of P- limitation, influence plant community development, nutrient uptake, water relations 

and above ground productivity. They also act as bioprotectants against pathogens and 

toxic stresses. The mechanism by which these benefits are conferred through abiotic and 

biotic interactions in the rhizosphere. Attention is paid to the conservation of biodiversity 

in arbuscular mycorrhizal fungi (AMF). Examples are provided in which the ecology of 

AMF has been taken into account and has had an impact in landscape regeneration, 

horticulture, alleviation of desertification and in the bioremediation of contaminated soils. 

It is vital for the soil scientists and agriculturalists pay due attention to the management 

of AMF in any schemes to increase, restore or maintain soil fertility. 

AM associations are integral functioning parts of plant roots and are widely 

recognized as enhancing plant growth on severely disturbed sites, including those 

contaminate with heavy metals. They are reported to be present on the roots of plants 
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growing on heavy metal contaminated soils and play an important role in metal tolerance 

and accumulation. Isolation of the indigenous and presumably stress-adapted AM fungi 

can be a potential biotechnological tool for inoculation of plants for successful restoration 

of degraded ecosystems. This review of Gaur & Adholeya (2004) highlights the potential 

of AM fungi for enhancing phytoremediation of heavy metal contaminated soils. 

Soil microbial populations are immersed in a framework of interactions known to 

affect plant fitness and soil quality. They are involved in fundamental activities that 

ensure the stability and productivity of both agricultural system and natural ecosystems. 

Strategic and applied research has demonstrated that certain co-operative microbial 

activities can be exploited, as a low- input biotechnology, to help sustainable, 

environmental- friendly, agro technological practices. Much research is addressed at 

improving understanding of the diversity, dynamics, and significance of rhizosphere 

microbial populations and their co-operative activities. An analysis of the co-operative 

microbial activities known to affect plant development was the general aim of the review 

by Barea et al. (2005). In particular, they summarized and discussed significant aspects of 

this general trophic including (i) the analysis of the key activities carried out by the 

diverse trophic and functional groups of microorganisams involved in co-operative 

rhizosphere interactions; (ii) a critical discussions of the direct microbe-microbe 

interactions which results in processes benefiting sustainable agro- ecosystem 

development; and (iii) beneficial microbial interactions involving arbuscular mycorrhiza, 

the omnipresent fungus- plant beneficial symbiosis. The trends of this thematic area will 

be outlined, from molecular biology and ecophysiological issues to the biotechnological 

developments for integrated management, to indicate where research is needed in the 

future. 

Morgan et al. (2005) discussed briefly at plants and their rhizosphere microbes, 

the chemical communications that exist and the biological processes they sustain. 

Primarily it is the loss of carbon compounds from roots that ·drives the development of 

enhanced microbial populations in the rhizosphere when compared with the bulk soil, or 

that sustains specific mycorrhizal or legume associations. The benefits to the plant from 

this carbon loss were discussed. Overall the general rhozosphere effect could help the 

plant by maintaining the recycling of nutrients, through the productions of hormones, 
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helping to provide resistance to microbial diseases and to aid tolerance to toxic 

compounds. When plants lack essential. mineral elements such as P or N, symbiotic 

relationship can be beneficial and promote plant growth. However, this benefit may be 

lost in well fertilized agricultural soils where nutrients are readily available to plants and 

symbionts reduce growth. Since this rhizosphere associations are common place and offer 

key benefits to plants, these interactions would appear to be essential to their overall 

success. 

Tarafdar et al. (2003) during the course of their work isolated seven efficient 

phosphatase producing fungi (PPF) and identified as Aspergillus rugulosus. A. fomigatus, 

A. terreus, A. niger, A. parasiticus, Pseudeurotium zonatum and Trichodel711a harzianum. 

Their efficiency to hydrolyze different compounds of organic phosphorus (mono-and 

hexa) was examined. The fungi reduced the pH of the medium, which was maximum 

with A. niger. A significant negative correlation of pH with development of fungal mats 

was observed (r=0.39, n=28, p<O.OS). The maximum secretion of acid phosphatase by 

PPF was at 21 d and alkaline phosphatase at 14d. Acid phosphatase produced by PPF was 

three times higher than alkaline phosphatase. The intracellular phosphatase activity was 

significantly higher than extra cellular activity. The efficiency to hydrolyze mono

phosphate by phosphatases released from the PPF was 4-times higher than hexa 

phosphate. T. harzianum was found to be most efficient organic P mobilize as compared 

to the other fungi, tested. The efficiency per unit of enzyme produced by different fungi 

was different and that indicated the isoenzymes being of different types. 

Twenty three isolates of Azotobacter were obtained from pesticide contaminated 

soils of cotton, sugarcane, brinjal and okra fields of HAU farm by enrichment culture 

technique by Suneja et a/. (2004) All the Azotobacter isolates belonged to chroococcum 

species on the basis of their biochemical properties. Resistance among these isolates was 

studied on pesticides like endosulfan, ecalux and confidor. The result indicates that 

resistance to pesticides is common among Azotobacter soil isolates. Decreased resistance 

with increasing concentration of pesticide and reduced among of carbon observed. 

Ecology and diversity of phosphate solubilizing microorganisms in 20 soil 

samples comprising organic and non-organic farming, virgin and barren soils of Gujarat, 

India were studied by Haque and Dave (2005). No considerable seasonal variation in 
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population densities of various phosphate solubilizers was observed. Out of 40 phosphate 

_solubilizing microorganisms, Pseudomonas spp., Bacillus spp., Saccharomyces spp. and 

Aspergillus niger were found to be most prevalent as they were present in more then 50% 

of the soil samples. The phosphate solubilization index for different cultures varied 

between 104to 240. When the isolates, which gave good phosphate solubilization on solid 

medium, were further explored for phosphate solubilization in liquid medium, the 

phosphate solubilization ability decreased to as low as 8% and increased to as high as 

99% by these cultures. Moreover , phosphate solubilization in the range of 18.1 to 

166.3% was recorded when microbial consortia in the form of soil suspension were 

inoculated, inspite of semi arid nature of the ecosystem, considerable phosphate 

solubilizing microbial activity observed indicate the fertility status of the soil in terms of 

phosphate mobilization. 

Mishra et al. (2005) isolated fluorescent Pseudomonas strain from soil under tea 

cultivation and designated as RRLJ 134 exhibited in vitro antibiosis against Fornes 

lamoensis, the causal organism of brown rot disease of tea on three different synthetic 

media. Dressing of two year old tea cutting with this strain enhanced the shoot height, 

root length, number of buds, leaves and chlorophyll content of the newly emerged leaves 

in the nursery condition. Also a statistically significant increase in fresh and dry weight 

of root, shoot, leaf and a bud was noted against control. The application of this strain also 

showed significant reduction in the number of infected tea cuttings in soil amended with 

F. lamoensis under nursery condition; the result indicates the possible use of this strain as 

a biocontrol agent of brown rot disease of tea besides enhancing the crop production. 

Trivedi et al. (2005) studied the microbial diversity of Indian Himalaya and based 

on a detailed study conducted to isolate microbes from soil samples collected from 

various tea gardens located in region, two bacteria namely Bacillus subtilis and 

Pseudomonas corrugate have been selected as promising inoculants for field application 

in tea gardens. Bioassays based on the inoculation of seed raised and tissue culture raised 

tea plants had earlier indicated the biocontrol and growth promotion properties of 

selected bacteria. With a view to introduce these bacterial isolates eventually in the 

gardens, suspension cultures were raised and applied in the rhizosphere region of both 

seedling and cutting raised young tea plants under net- house conditions. Monthly 
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enumeration of bacterial fungal and actinomycetes populations, up to a period of one 

year, indicated excellent rhizosphere colonization by the inoculated bacteria The 

presence of introduced bacteria in the rhizosphere was confirmed by the use of antibiotic 

markers. The inoculated tea plants have been transferred to new plantation sites, near 

Kausani in District Bageshwar, Uttaranchal for further monitoring of growth and overall 

performance. 

Seventeen rhizobacteria isolated from different ecological regions, I.e. Brazil, 

Indonesia, Mongolia and Pakistan were studied by Hafeez et al. (2006) to develop 

inoculants for wheat, maize and rice. Almost all the bacterial isolates were Gram

negative, fast growing motile rods and utilized a wide range of carbon sources. These 

isolates produced indole- 3-acetic acid at concentration ranging from 0.8- 42.1 J.!g/ml, 

irrespective of the region. Fifteen isolates fixed Nat rates ranging from 20.3-556.8 nmole 

C2H2 reducedlh/vial. Isolate 8n-4 from Mongolia produced the highest amount of indole-

3-acetic acid ( 42.1 J.!g/ml), produced siderophores (0.3mg/ ml) and was the only isolate 

that solubilized phosphate (188.7 J.!gP/ml). Inoculation of the wheat variety Orkhon with 

8n-4 isolate resulted in the maximum increase in plant biomass, root length, and total N 

and P contends in plants. Random amplified polymorphism among the bacterial isolates 

from different geographic regions and a low level of polymorphism among isolates from 

the same region. The complete 16S rRNA gene sequence analysis demonstrated that 8N-

4 is a Bacillus pumilus strain, it was concluded that Bacillus oumillus 8N-4 can be used 

as a bioinoculant for biofertilizer production to increase the crop yield of wheat variety 

Orkhon in Mongolia. 

Chen (2006) advocated that the ability of a few soil microorganisms to convert 

insoluble forms of phosphorus to an accessible form is an important trait in plant growth

promoting bacteria for increasing plant yields. The use of phosphate solubilizing bacteria 

as inoculants increases the P uptake by plants. In this study, isolation, screening and 

characterization of 36 strains of phosphate solubilizing bacteria (PSB) from Central 

Taiwan were carried out. Mineral phosphate solubilizing (MPS) activities of all isolates 

were tested on tricalcium phosphate medium by analyzing the soluble-P content after 

72 h of incubation at 30 °C. Identification and phylogenetic analysis of 36 isolates were 

carried out by 16S rDNA sequencing. Ten isolates belonged to genus Bacillus, nine to 
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genus Rhodococcus, seven to genus Arthrobacter, six to genus Serratia and one each to 

genera Chryseobacterium, Delftia, Gordonia and Phyllobacterium. In addition, four 

strains namely, Arthrobacter ureafaciens, Phyllobacterium myrsinacearum, Rhodococcus 

erythropolis and Delftia sp. are being reported for the first time as phosphate solubilizing 

bacteria (PSB) after confirming their capacity to solubilize considerable amount of 

tricalcium phosphate in the medium by secreting organic acids. P-solubilizing activity of 

these strains was associated with the release of organic acids and a drop in the pH of the 

medium. HPLC analysis detected eight different kinds of organic acids, namely: citric 

acid, gluconic acid, lactic acid, succinic acid, propionic acid and three unknown organic 

acids from the cultures of these isolates. An inverse relationship between pH and P 

solubilized was apparent from this study. Identification and characterization of soil PSB 

for the effective plant growth-promotion broadens the spectrum of phosphate solubilizers 

available for field application. 

Kathleen et al. (2007) reported that Mycorrhizal fungi can contribute to soil 

carbon sequestration by immobilizing carbon in living fungal tissue and by producing 

recalcitrant compounds that remain in the soil following fungal senescence. They 

hypothesized that nitrogen (N) fertilization would decrease these carbon when N 

availability is high. They measured the abundance of two major gropes of mycorrhizal 

fungi, Arbuscular mycorrhizal (AM) and Ectomycrrhizal (ECM) fungi, in the top 10 em 

of soil in control and N-fertilized plots within three Alaskan boreal ecosystem that 

represented different recovery stages following severe fire. Pools of mycorrhizal carbon 

included root- associated AM and ECM structures: soil associated AM hyphae: and 

glomalin, a glycoprotein produced by AM fungi. A total mycorrhizal carbon pool 

decreased by approximately SOgCm-2 in the youngest site under N fertilization, and this 

reduction was driven mostly by glomalin. Total mycorrhizal carbon did not change 

significantly in the other sites. Root- associated AM structures were more abundant under 

N fertilization across all sites, and root associated ECM .structures increased marginally 

significantly. They found no significant N effects on AM hyphae. Carbon sequestered 

within living mycorrhizal structures (0.051-0.21gm-2) was modest compared with that of 

glomalin stocks within one of the three study sites. As effects on glomalin were 

inconsistent among sites, an understanding of the mechanism underlying this variation 

would improve our ability to predict ecosystem feedback to global change. 
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In the study carried out by Richa et a!. (2007) Aspergillus tubingensis and A. 

niger were tested for their efficacy to solubilize rock phosphate (RP) and also to improve 

the growth of maize (Zea mays) in rock phosphate amended soils. Both the species was 

able to grow and solubilize rock phosphate and solubilize rock phosphate and soluble P 

levels were significantly increased in the culture medium as the concentration of RP 

increased. The results of nursery experiment showed that the growth of maize plants and 

shoot were significantly increased by these fungi compared to control soil. Soil analysis 

results showed that the available P, organic carbon levels were significantly increased 

when compared to initial soil. The soil pH was also lowered compared to initial pH of the 

soil. These results suggested that A. tubingenesis and A. niger serves as excellent 

phosphate solubilizers in alkaline soils amended with RP. 

Iman (2008) isolated Aspergillus niger and Penicillium italicum from the soil and 

rhizosphere ofdifferent plants. They were tested for their efficacy to solubilize tri

calcium-phosphate (TCP) in vitro as well as their effect in vivo to promote the growth of 

soybean (Glycine max L.) plants grown in soil amended with TCP. The results showed 

high solubilizing index in agar plates. Also, they effectively solubilized TCP in 

Pikovskaya's liquid medium (PVK) and released considerable amounts of P into medium. 

The efficacy of Penicillium italicum to solubilize and release the inorganic P was 275 flg 

P ml-1 whereas Aspergillus niger showed better efficiency and produced 490 flg P mi-l 

after seven days of incubation. Drop in pH during growth was more prominent in absence 

of TCA in liquid medium. This indicated that absence of soluble P in media induces the 

acid production. The addition of TCP to the broth media produced an increment in fungal 

biomass. Pot experiment showed that the dual inoculation of phosphate-solubilizing fungi 

(A. niger and P. italicum) significantly increased dry matter and yield of soybean plants 

compared to the control soil. Significant increment in percentage of protein and oil was 

also recorded. There was an increase in the percentage ofN and P content of the plant. It 

was significantly resulted with N levels of soybean plants but this increase was non

significant with the percentage of total phosphorus, under the experimental conditions. 

Soil analysis showed that the available P, organic carbon levels were significantly 
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increased when compared to the initial soiL The pH was also lowered compared to the 

initi!!I pH of the soil. 

Dual application of beneficial microorganisms 

Daft and Okusanya (1973), reported increased lignifications of xylem and more starch 

grains in the stem of tomato and petunia plants colonized by AM fungi, Krishna et al, 

(1981) observed an increased in leafthickuess, the size of the midrib vein, the mesophyll 

cells and number of plastids because of mycorrhizal colonization of the roots of finger 

millet. Certain bacteria which enhance the activity of AM fungi were described as 

mycorrhization helper bacteria (MHB) by Caroline and Bagyaraj, (1995). These bacteria 

detoxify the substrate, making it more ideal for mycorrhizal infection and produce 

hydrolytic enzymes that dilate the cortical cell, thereby enhancing better colonization by 

mycorrhizal fungi. Further they are kuown to produce plant growth promoting substances 

(Duponnois and Garbye, 1991). Co inoculation of AM fungi with MHB was found to 

have synergistic interaction with consequential benefit on plant growth confirmed by 

Jayanthi and Bagyaraj (1998). 

Both positive and negative interaction of PSMs and V AM on growth and yield of plants 

have been reported. Plants inoculated with V AM and PSB together have been reported to 

mobilize significantly higher amount of P then the plants inoculated with these 

microorganisms separately in P deficient soils by Azcon et al. (1976), Barea et al. (1975) 

and Asea et al. (1988). PSMs survive longer around mycorrhizal then non-mycorrhizal 

roots of maize and lavender and sometimes act synergistically with the mycorrhizal 

fungus to increase plant growth especially when rock phosphate was added to soiL 

Solubilization of dicalcium phosphate and tri-calcium phosphate by thermophilic 

bacteria, actinomycetes and fungi was investigated by Sujatha et al. (2004).1n general 

dicalcium phosphate was solubilized more readily then tricalcium phosphate. Bacillus 

stearothermophilus, Thermoactinomyces sacchari, Thermomonospora sp. And 

Malbranchea pulchella var. sulforea proved to be good phosphate solubilizer and can be 

exploited for phosphate solubilization. 



45 

Rhizosphere inhabiting microorganisms like Vesicular Arbuscular Mycorrhiza 

(V AM) and phosphate Solubilizing Fungi (PSF) is known to help in P nutrition of crop 

plants. Mechanisms of P-uptake differ in V AM and PSF. While V AM mobilizes the P 

from beyond the P depletion zone around the root. PSF solubilizes the insoluble inorganic 

P from the soil. V AM helps in uptake and utilization of phosphorus even in the presence 

of aluminum as reported by Morita and Konishi (1989). This can be useful in acidic 

conditions where aluminium toxicity is a common problem. As such V AM fungi can be 

better exploited as a biofertilizer in acidic soils of hills. 

In a study by Will and Sylvia (1990), it was observed that two fertilizer-N levels, 

Klebsiella pneumoniae and two Azospirillum spp. did not provide the plants (sea oats) 

with fixed atmospheric N; however, K. pneumoniae increased root and shoot growth. 

When a sparingly soluble P source (CaHP04) was added to two sands, K. pneumoniae 

increased plant growth in sand with a high P content. The phosphorus content of shoots 

was not affected by bacterial inoculation, indicating that a mechanism other than 

bacterially enhanced P availability to plants was responsible for the growth increases. 

When sea oats were inoculated with either K. pneumoniae or Acaligenes denitrificans and 

a mixed Glomus inoculum, there was no consistent evidence of a synergistic effect on 

plant growth. Nonetheless, bacterial inoculation increased root colonization by vesicular 

arbuscular mycorrhizal fungi when the fungal inoculum consisted of colonized roots but 

had no effect on colonization when the inoculum consisted of spores alone. K. 

pneumoniae was found to increase spore germination and hypha! growth of Glomus 

deserticola compared with the control. The use of bacterial inoculants to enhance 

establishment of pioneer dune plants warrants further study. 

Requena et al. (1997) isolated arbuscular mycorrhizal fungi, rhizobium bacteria 

and plant growth promoting rhizobacteria from a representative area of a desertified 

semi-arid ecosystem in the south east of Spain. Microbial isolates were characterized and 

screened for-effectiveness by a single- inoculation trial in soil microorganism. Anthyllis 

cytisoides L., a mycotrophic pioneer legume, dominant in the target Mediterranean 

ecosystem, was the test plant. Several microbial cultures from existing collections were 

also included in the screening process. Two AM fungi (Glomus coronatum, native, and 

Glomus intraradices, exotic), two rhizobia (NR4 and NR9, both native) and two PGPR 
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(A2,native,and E, exotic )were selected. A further screening for the appropriate double 

and triple combination of microbial inoculants was then performed. The parameters 

evaluated were biomass accumulation and allocation, N and P uptake, N2 - fixation 

(13 N) and specific root length. Overall, G. coronatum, native in the field site was more 

effective then the exotic G. intraradices in co-inoculation treatments. In general, results 

support the importance of physiological and genetic adaptation of microbes to the whole 

environment, thus local isolates must be involved. Many microbial combinations were 

effective in improving either plant development, nutrient uptake, N2 -fixation or root 

system quality. Selective and specific functional compatibility relationship in plant 

response between the microbial inoculums, appropriate microbial combinations can be 

recommended for a given biotechnological input related to improvement of plant 

performance. And could be exploited in nursery production of target plant species 

endowed with optimized rhizosphere mycorrhizosphere system that can be tailored to 

help plants to establish and survive in nutrient deficient, degraded habitats. The relevance 

of this microbial- based approach in the context of a reclamation strategy addressed to 

environmental sustainability purposes was discussed 

The role of rock- phosphate solubilizing fungi and V AM in growth of wheat 

plants fertilized with rock phosphate was studied by Omar (1998). A Total of 36 fungal 

species isolated from soil was tested for their ability to solubilize rock phosphate in agar 

plates. Most of these fungi were non-rock phosphate solubilizers, but Aspergilus niger 

and Penicillum citrinum had high activity. Liquid culture experiments showed that both 

fungi caused a marked drop in pH of culture media and solubilized considerable amounts 

of phosphate. The effects on wheat inoculation with V AM fungi and rock- phosphate 

solubilizing fungi and fertilization with rock phosphate were studied in sterilized pot 

soils, non-sterilized pot trials and in field plot soila. Rock phosphate fertilization and 

inoculation with Glomus constricum and rock phosphate solubilizing fungi (A.niger and 

P. citrinum) significantly increased dry matter yield of wheat plants under all 

experimental conditions. However, the effect was more evident in non-sterilized pot soils 

and in the field than in sterilized pots. Rock phosphate had no significant effect on the 

total phosphorous content of plants grown under pot conditions but it was significantly 

increased in field plots; the effects of inoculation with fungi (G. constrictum, A. niger and 

P. citrinum) on plant phosphorous was closely related to this in dry matter production. 
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The greatest positive effect on growth and phosphorous contents of wheat plants was 

recorded in the treatments that received rock phosphate and were inoculated with a mixed 

inoculum of the three microorganisms used, followed by dual inoculation treatments of 

G. constrictum plus either A. niger or P. citrinum. 

Bora et a/. (2003) studied the effects of dual inoculation of vesicular arbuscular 

mycorrhiza (V AM ) and phosphate solubilizing Fungi on growth of young tea seedling 

and shows that dual inoculation in soil mixed with rock phosphate significantly enhanced 

the growth of tea seedling in terms of plant height , number of leaves, number of 

branches and dry weight of shoot and root uptake by seedling, mycorrhizal development 

in terms of spore density and percent colonization in plant roots was also enhanced by the 

combined inoculation treatment. The effects were a better in presence of rock phosphate 

then super phosphate applied to the soil. However, population dynamics of phosphate 

solubililzing fungi was not affected by dual inoculation treatment. 

Greenhouse experiments showed that four mixtures of plant growth promoting 

rhizobacteria (PGPR) strains all Bacillus spp. elicited induced systemic resistance in 

several plants against different plant pathogens. Based on these finding, Jetyanon et a/. 

(2003) sought to determine if systemic resistance induced by these PGPR would lead to 

broad- spectrum protection against several pathogens under field conditions in Thailand. 

Experiments were conducted during the rainy season (July to October 2001) and winter 

season (November 2001 to February 2002) on the campus of Naresuan university, 

Phitsanulok, Thailand. The specific diseases and hosts tested were southern blight of 

tomoato (Lycopersicon esculentum) caused by Sclerotium rolftii, anthracnose of long 

cayenne pepper (Capsicum annuum var. acuminatum) caused by Colletotrichum 

gloeosporiodes, and mosaic disease of cucumber (Cucumis sativus) caused by Cucumber 

mosaic virus (CMV). Results showed that some PGPR mixtures suppressed disease more 

consistently then the individual PGPR strain IN93a. One PGPR mixture, Bacillus 

amyloliquefaciens strain IN937a+ B, pumilus strain IN937b, significantly protected (P= 

0.05) plants against all tested diseases in both seasons. Further, cumulative marketable 

yields were positively correlated with some treatments. 

Interaction between V AM fungus Glomus mosseae, Azospirillum brasilense and 

Azotobacter in soil and their consequent effect on growth and nutrition ofNeem seedling 
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were studied under glass house conditions by Sumana et.al., (2002). Dual inoculation of 

G. mosseae and A. chroococcum resulted in maximum plant. biomass, nitrogen and 

phosphorus uptake; biovolume index and quality of neem seedlings. It also increased the 

mycorrhizal root colonization and spore number in soil of the root-zoon. Dual inoculation 

of G. mosseae and A. brasilense improved plant growth more then the single inoculation 

and uninoculated control. The V AM fungi and phosphate solubilizing bacteria (PSB) are 

the two groups of soil microorganisms associated with Phosphorous (P) nutrition of 

plants. V AM fungi produce obligate symbiotic association with plant roots and increase P 

availability by mobilizing the P with the help of their extrametrical hyphae, particularly 

in soil with less available P. On the other hand PSB live freely in soil and solubilise 

insoluble form of P with the help of different organic acids, secreted by them and thus 

increase the quantity of available P in soil for absorption by plant roots. However, the 

magnitude of plant growth may vary depending on the type of V AM,PSB strain, crop, 

amount of P present in soil and presence of co-inoculant. Azotobacter has also been 

found to increase growth and yield of various plants. In the present experiment, the 

effects of inoculation of V AM, Pseudomonas, PSB and Azotobacter on growth and 

nutrition of wheat genotype C- 306 have been studied by Dwiviedi et al. (2003). 

Anatomical and histochemical changes in the roots and leaves of Simarouba 

glauca due to inoculation with the arbuscular mycorrhizal fungus, Glomus mosseae alone 

and together with the (MHB) mycorrhizal helper bacterium Bacillus coagulans in 

comparison with the uninoculated plants were studied by Saito et a!. (2002). The roots 

cells of plants inoculated with AM + MHB had thicker cell walls compared to plants 

inoculated with either AM fungus alone or uninoculated plants. The size and /or number 

of metaxylem, protoxylem, sclerenchyma cells, stele region and pith cells were also 

higher in plants inoculated with AM fungus+ MHB compared to either mycorrhiza alone 

inoculated or uninoculated plants. 

Arbuscular mycorrhizal ·(AM) fungi and bacteria can interact synergistically to 

stimulate plant growth through a range of mechanisms that include improved nutrient 

acquisition and inhibition of fungal plant pathogens. These interactions may be of crucial 

importance within sustainable, low-input agricultural cropping systems that rely on 

biological processes rather than agrochemicals to maintain soil fertility and plant health. 
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Although there are many studies concerning interactions between AM fungi and bacteria, 

the underlying mech<Urisms behind these associations are in general not very well 

understood, and their functional properties still require further experimental confirmation. 

Future mycorrhizal research should therefore strive towards an improved understanding 

of the functional mechanisms behind such microbial interactions, so that optimized 

combinations of microorganisms can be applied as effective inoculants within sustainable 

crop production systems. In this context, Artursson (2006) the present article seeks to 

review and discuss the current knowledge concerning interactions between AM fungi and 

plant growth-promoting rhizobacteria, the physical interactions between AM fungi and 

bacteria, enhancement of phosphorus and nitrogen bioavailability through such 

interactions, and finally the associations between AM fungi and their bacterial 

endosymbionts. Overall, this review summarizes what is known to date within the present 

field, and attempts to identifY promising lines of future research. 

Experiments were conducted by Zaidi and Khan (2006) to evaluate the effects of 

nitrogen fixing (Bradyhizobium sp.(vigna), phosphate solubilizing bacterium (Bacillus 

subtilis), phosphate solubilizing fungus(Aspergillus awamori) and AM fungus (Glomus 

fasiculatum )on the growth, chlorophyll content, seed yield, nodulation, grain protein, and 

N and P uptake of green gram plants grown in phosphorus- deficient soils. The triple 

inoculation of AM fungus, Bradhyhizobium sp. (vigna) and B.subtilis significantly 

increased dry matter yield, chlorophyll content in foliage and N and P uptake of green 

gram plants. Seed yield was enhanced by 24% following triple inoculation of 

Bradyrhizobium + G. fosiculatum + B. subtilis, relative to the control. Nodule 

occupancy, determined by indirect enzyme linked immunosorbent assay (ELISA), ranged 

between 77% (Bradyrhizobium + A. awamori) and 96 %(Bradyrhizobium + G. 

fasiculatum + B. subtilis) at flowering (45DAS), decreasing at the pod -fill (60 DAS) 

stage with each treatment. Replica inununoblot assay (RlBA) revealed a greater variation 

in the rhizobia! population within nodules and the correlation between nodule occupancy 

and measured parameters when A. awamori was used alone or added to the combination 

treatments. The present findings showed that rhizosphere microorganisms can interact 

positively in promoting plant growth, as well as N and P uptake of green gram plants, 

leading to improved yield 
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The synergistic effects of plant growth-promoting rhizobacteria and an arbuscular 

mycorrhizal (AM) fungus (Glomus fasciculatum) on plant growth, yield and nutrient 

uptake of sorghum plants were determined in field conditions by Mathur et a!. (2009). 

The triple inoculation of Azotobacter chroococcum with Bacillus and Glomus 

fasciculatum significantly increased the dry matter by 2.6-folds above the control. Grain 

yield of plants inoculated with A. chroococcum together with Bacillus sp. And G. 

fasciculatum was 2 -folds higher then that of un-inoculated plants at 135 days after 

sowing (DAS). The highest increase in grain protein (255 mg/g) was observed in plants 

inoculated with A. chroococcum with Bacillus sp., G. fasciculatum. The higher N levels 

of (33.6 mg/plant) and P (67.8mg/ plant) in sorghum were observed with the co

inoculation of A. chroococum with Bacillus sp. and G. fasciculatum. The N and P 

contents of the soil at 135 DAS differed the measured parameters. Populations of A. 

chroococcum, phosphate solubulizing microorganisms, percentage root infection, and 

spore density of the AM fungus in some treatments increased at 80 DAS. Our results 

show that the multiple inoculations with plant growth promoting rhizobacteria had 

consistently increased the growth and yield, N and P concentration and quality of 

sorghum grains. 

Two tea rhizosphere microorganisms, Bacillus megaterium and Ochrobacterium 

anthropi inhibited the growth of four tea pathogens (Fornes lamaoensis, Sphaerostilbe 

repens, Poria hypobntmea and Sclerotium roulftii) to a certain degree in both solid and 

liquid medium. Application of B. megaterium and 0. anthropi, either singly or in 

combination, to rhizosphere of Camellia sinensis promoted growth of seedling 

significantly, but the dual application was more affective. Besides, the bacteria could also 

control brown root rot of tea, caused by F. lamaoensis, B. megaterium was more effective 

than 0. anthropi. Root colonization by the bacteria, followed by challenge inoculation 

with the pathogen, induced activities of defense enzymes ~-1, 3-glucanase, chitinase, 

phenylalanine ammonia lyase, as well as peroxidase in tea leaves (Chakraborty et a!., 

2007). 



Materials & 
Methods 
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3.1. Collection of soil sample 

Soil samples were collected from the rhizosphere of tea plant of35, 30, 20, 10 years old 

tea bushes growing in Temi Tea Estates, South Sikkim for determining microbial 

population and isolation of microorganisms. Soil samples was collected at 5-15 em depth 

and kept in sterile autoclavable polythene bags, were brought to laboratory and preserved 

at refrigeration temperature of 4"C till further studies. 

3.2 Primary Screening 

3.2.1 Isolation of microorganism from tea rhizosph~re 

Isolation of fungi and bacteria was made from the rhizosphere of healthy tea plants. Five 

grams of soil particles loosely adhering to the roots were collected and suspended in 30 

mi of sterile distilled water by constant stirring for one hour. The soil suspension was 

allowed to settle down till the two distinct layers were clearly visible. Then the upper 

light brown colored layer was used for isolation by dilution plate teclmique (Kobayashi et 

al., 2000). Nutrient Agar (NA) was used for isolation of bacteria and potato dextrose agar 

(PDA) for fungi. Isolated microorganisms were then placed in an incubator in the dark 

for observation of the microbial growth after 24, 48 and 96 hour in dark ·or maximum up 

to 10 days. Colony forming units (CFUs) were recorded. The representative colonies of 

bacteria and fungi were isolated and purified from the soil dilution plates by repeated sub 

culturing until pure individual cultures were obtained. The isolates were identified up to 

the group or genus level using standard morphological, microscopic, cultural, and 

biochemical methods. 

3.2.2. Isolation of phosphate solubilizing microorganism from tea rhizosphere 

Preliminary screening for phosphate solubilization was done by a plate assay method 

using Pikovskaya (PVK) agar medium supplemented with Tricalcium phosphate (TCP), 

and pH of the medium was adjusted to 7.0 before autoclaving. One gram soil sample was 

suspended in 9ml sterile distilled water in a tube for serial dilutions, and lml aliquots 

were transferred to PVK medium. The plates were incubated at 28±2"C for 7 days with 

continuous observation for colony diameter. Transparent (halo) zones of clearing around 

the colonies of microorganisms indicate phosphate solubilization and each colony was 
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carefully transferred, identified and further used for quantitative determination of 

phosphate solubilization. 

3.2.3. Quantitative measurement of phosphate solubilization in culture medium 

Pikovskaya's liquid medium supplemented with tricalcium phosphate (TCP) and Rock 

phosphate (RP) was taken in 250m! flasks (50 ml/flask), inoculated with selected 

microbial culture and incubated at 28±2°C for 7 days. A control without any inoculation 

was also maintained at 28°±2°C for 6-7 days. Cultures were harvested after growth 

periods in order to record the change in pH, concentration of P released in the medium 

and dry fungal mats. Microbial culture was filtered through Whatman filter paper No.1 in 

order to remove insoluble phosphate whereas fungal mycelial mat was filtered through 

Whatman filter paper No.42, lg of activated carbon was added and filtrate was 

centrifuged at 10,000 rpm for 15 minutes. Filtration and centrifugation was repeated until 

clear solution was obtained. Finally distilled water was added to solution to make a 

known volume (lOOm!). In 10m! aliquots of the clear filtrate 25m! ofBartons's reagent 

was added and final volume was adjusted to 50ml, incubated for 10 minutes, and OD of 

the solution was measured in a colorimeter at 430nm wavelength. Amount of phosphate 

solubilized in culture medium was calculated by comparing with standard curve. Change 

in the pH value during submerged cultivation was also monitored during the growth. 

3.2.4. Isolation and Identification of AM spores from rhizosphere soil 

About I kg of rhizosphere soil sample of individual plant species were taken for isolation 

of AM spore which was done by wet sieving and decanting technique (Gerdemann and 

Nicolson, 1963), the spores were filtered in a line grid marked filter paper as suggested 

by (Gaur and Adboleya, 1994).The spore population (no. of spores/5gm soil sample) was 

identified following the key manual of (Schenck and Perez, 1990). Scanning electron 

microscope observation was done at Bose institute, Kolkata. 

3.2.4.1 Screening of root for V AM infection 

Roots from tea plants were dug out with help of augar manually, washed with tap water 

gently to free them from soil particles and stored in FAA (formaline aceto alcohol) prior 

to staining. For staining , root segment of I em each put into the test tube and were boiled 

in 10% KOH solution for 15-20 minutes on a water bath (sometimes even 60 minutes for 
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hard roots) washed in tap water, and stained with chlorazol black E (Beverage, 1970; 

Phillips and Hayman, 1970) .. For confirmation of infection, the presence of intercellular 

hyphae vesicles and arbuscules or both characteristics was taken into consideration. 

Percent root colonization was determined by following the method of (Giovanetti and 

Mosse, 1980). 

3.2.5. Isolation and identification of fungal pathogens 

The fungal pathogens from stems and roots in which they are present in deep seated 

tissue were isolated by culturing pieces of internal tissues. Infected tissues were 

thoroughly washed in sterile water and then swabbed with cotton wool dipped into 80% 

ethanol, followed by exposure to an alcohol flame for a few seconds. The outer layer of 

tissues was quickly removed by a flame sterilized scalpel. Small pieces from the central 

core of tissue in the area of the advancing margin of infection were removed by a 

sterilized scalpel and sterilized by dipping into 90% alcohol then flamed for a few 

seconds. The sterilized tissues were transferred to nutrient agar in Petri dishes and 

incubated at 28"C for 1 week. The fungal mycelium grown was transferred to PDA slants 

and kept for further identification. For microscopic observation mounting was done in 

!acto phenol, followed by cotton blue stain. 

3.3. In vitro testing for antagonism to pathogens 

3.3.1. Fungus 

3.3.1.1 Solid medium 

The efficacy of individual fungal isolates, from tea rhizosphere was tested in vitro for 

inhibiting growth of the pathogen in dual culture using PDA or NA. Each fungal isolate 

was placed at one side of the agar plate about 1cm away from the edge and 7mm 

diameter block of the pathogen taken from growing edge of the fungal culture was 

inoculated at the other half of the Petri plate. For each test three replicate plates were 

used. The plates were incubated for 7 days (depending upon the growth of the pathogen) 

at 28"C and inhibition zone towards the fungus colony in individual plate was quantified. 

Results were expressed as mean % of inhibition in presence of the fungal isolate. 
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3.3.1.2. Liquid media 

The fungal inoculum (7mm block) and the PSF were inoculated in broth (PDB) and 

incubated at 28°C for 7 days method as outlined by (Chakraborty and Chakraborty, 

1989). The fresh weight as well as dry weight of the pathogen mycelium was taken. The 

pathogen mycelium grown without the PSF mycelium in the similar medium was taken 

as the control sample. Three replicate were taken in each case. 

3.3.2 Bacteria 

3.3.2.1 Solid medium 

The obtained bacterial isolates were evaluated against tea root pathogens- Ustulina 

zonata, Fames lamaoensis, Sclerotium rolfsii and, Fusarium oxysporum, in dual culture 

using NA medium. The bacteria were streaked on one side of the Petri plate, 5mm fungal 

pathogen block was placed at the other side of the plate, incubated for 5-7 days at 

28°±2°C and inhibition zone towards the fungal colony in individual plate was quantified. 

Results were expressed as mean of percentage of inhibition of the growth of the pathogen 

in presence of the bacterial isolates. For each test three replicate plates were used. Those 

bacteria, which were antagonistic to the pathogen, were selected for further evaluation 

and identification. 

3.3.2.1. Liquid medium 

To assess the possible antagonism between the fungus and bacteria in mixed culture, NB 

was selected for growth of bacteria. Agar block (5mm) containing 7 day old mycelia of 

the fungus and O.Sml of bacterial suspension (Ixl 06 cfu!ml) were used as inocula for 

each flask (50 ml NB/250 ml flask). The mycelium grown without bacterial isolates in 

similar medium was taken as control. The cultures were incubated at 28 ±2°C and after 7 

days of incubation mycelia were washed thoroughly with sterile distilled water to remove 

bacteria as far as possible and harvested by staining through muslin cloth and mycelial 

dry weights were determined. Three replicates were taken in each case. 
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3.4. Selection and identification of antagonistic microorganism 

3.4.1 Microscopic observation for bacteria 

For microscopic identification bacteria were gram stained and observed under 

microscope. With the help of inoculating needle bacterial smear was prepared on the 

clean grease free slide, and then flooded with crystal violet and allowed to stand for about 

a minute. The slide was then washed with water four to five times. Next, the slide was 

flooded with the iodine solution and allowed to stand for a minute. Then the slide was 

rinsed with water for five seconds, after which ethanol was added. The ethanol was added 

drop wise until no blue violet colour was emitted from the specimen. Finally the slide 

was rinsed with the water for five seconds, dried and observed under microscope. 

Scanning electron microscopic observation of plant growth promoting rhizobacterium 

was done at Bose Institute, Kolkata. 

3.4.1.1. Biochemical tests 

i. Endospore stain 

The bacterial smear was prepared. The fixed slide was flooded with the solution of 

malachite green and the slide was placed over boiling water bath for five minutes. After 

rinsing, the smear was counter stained with safranin. 

ii .Voges Proskauser reaction 

Culture tubes containing 10 m1 sterile VP broth were inoculated with the bacterial isolate 

and incubated at37°Cfor three days. To the culture 0.6 m1 of 5% w/v ethanolic a napthol 

and 0.2ml of 40% w/v aqueous potassium hydroxide were added and kept at room 

temperature for one hour for production of pink colour indicating positive reaction. 

iii. Catalase 

Bacterial culture (24 hour old) was flooded with 0.5 m1 10% H20 2 solution and gas 

bubbles production indicated the positive reaction. 

iv. Urea digestion 

Streaks were made on the slants containing urea medium and incubated at 37° C for 2-7 

days. The change in colour of the medium indicates the presence of urease. 
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v. Esculine hydrolysis 

The slants containing esculine hydrolysis test mediwn were inoculated with 24h old 

bacterial culture and incubated at 30°C for 7 days, blackening of the mediwn indicates the 

hydrolysis of esculine. 

vi. Casein hydrolysis 

The mild agar was streaked with the bacteria and was incubated at 37° C and observed 

for the clear zone around the streaks. 

vii. Starch hydrolysis 

The bacteria were streaked on sterilized starch agar plate (NA + 0.1% soluble starch) and 

incubated for five days at 37° C. The plates were flooded with Lugol's iodine solution. 

The clear zone underneath and around the growth indicates the starch hydrolysis. 

viii. Indole test 

lOml of Davis Mingoli's broth supplemented with 0.1% tryptophan was inoculated with 

the isolate and incubated anaerobically at 3 7° C for 7 days. The culture were layered 

carefully with 2 ml of Ehrlich- Bobme (P-dimethylaminobenzaldehyde lOg, concentrated 

HCL lOOm!) reagent on the surface, allowed to stand for a few minutes and observed for 

the formation of a ring at the mediwn reagent interface indicating the production of 

indole. 

ix. Reduction of nitrate to nitrite 

Sterile nitrate broth was inoculated with test isolates and incubated at 37°C till the 

mediwn become turbid, three drops of nitrate reduction test reagent ( solution A: H2 S04 

0.8 g, 100 ml 5N Acetic acid; solution B: 0.5 g a napthylamine and 100 ml acetic acid. 

The solution A and B were mixed in equal volwne just before use) was mixed in I m1 of 

the culture and observed for the development of red or yellow colour indicating the 

presence of nitrite. 

3.4.2. Microscopic observation for fungus 

The isolated fungi were allowed to grow in Petriplates (7cm) containing sterile PDA 

mediwn for 7 days, then nature of mycelia growth, rate of growth and time of sporulation 

were observed. For identification, spore suspension was prepared from individual culture. 
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Drops of spore suspensions were placed on clean, grease free glass slides, mounted with 

!acto phenol- cotton blue, covered with cover slip and sealed with wax. The slides were 

then observed under the microscope following which spore characteristics were 

determined and size of spores measured. 

3.5. Plant material 

3.5.1. Tea 

Tea saplings of different varieties maintained in the Tea Germplasm bank, in the 

premises of Inununo-Phytopathology Laboratory, Department of Botany, NBU, were 

used for the experimental purposes. Tea clones were originally collected from different 

geographical locations of India: (a) Drujeeling Tea Research Center, Drujeeling, (b) Tea 

Experimental Station, Tocklai, Assam. For present investigation following tea varieties 

were used, T-17, TV-18, TV-23, TV-25 and TV-26. 

3.5.1.1. Propagation of tea 

Tea plants were propagated by cutting method; plants were raised by planting cutting 

made from shoots of the mother bushes. The standard form of a tea cutting is a piece of 

stem 2.5cm to 3.5 em long with a good mature leaf. Soil preparation is the most 

important in propagation teclmique and hence, care was taken to prepare the soil well. 

Sandy soil (75% sand and 25% soil) with a pH 4.5-4.9 was used. Soil pH was adjusted by 

applying 2% aluminum sulphate. 

Polyethylene sleeves (8"X 6") were filled up with the prepared soil and stacked in 

rows in bed and watered thoroughly. The cuttings of all varieties were allowed for 

rooting in individual sleeves after dipping them in rooting hormone. Sleeves of each bed 

were covered with polythene cloche and the whole setup was kept under a green agro 

house. 

In case of young seedling, manuring (Aluminium phosphate-S parts by weight, 

ammonium phosphate sulphate 16: 20-35 parts by weight) was done after rooting 

following the method ofRanganathan and Natesan (1987). The mixture was dissolved@ 

30 g in 1 L of water and applied @ 50 ml per plant. Tipping was done once in a year to 

promote lateral branching in young plants but in case of mature plants two year of deep 

pruning cycle was maintained (Plate-3). 



Plate 3 (A-F): Nursery propagation of tea varieties by cutting in Temi Tea Estate, 
Sikkim (A-D) and Tea Germplasm Bank, NBU (E& F) 
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3.5.1.2. Plantation 

For the plantation of tea varieties in the experimental plots pits were prepared for each 

plant. Before that, simazine @ 75g/ 20 liter water and glyphosphate@ 1:200 were used in 

the experimental plots for the suppression of weeds. The soil mixture was prepared in the 

ratio 4.5 kg of well rotten dry cattle manure, 30 kg rock phosphate, 30 kg super 

phosphate and 2.5 g phorate (0,0-diethyl S- (ethylthiomethyl ) phosphor dithioate). At 

the bottom of the pot little bit of rock phosphate is placed following which the pot was 

covered with planting soil mixture. Ten month seedling with well developed shoot and 

root system were transferred from the sleeves to the pots. These were then maintained in 

the pots with regular watering. 

Following soil conditioning, plants were inspected, selected and brought to the 

experimental garden and planted in the prepared soil and pits were refilled upto ground 

level with conditioned soil. For experimental pmposes tea plants of all the varieties were 

also grown in earthen pots (one plant/ pot, 30cm dia.) each containing Skg soil mixture 

1:1 ). Ten month seedling with well developed shoot and root system were transferred 

from the sleeves to the pots. These were then maintained in the pots with regular 

watering. 

3.5.2. Marigold 

Marigold (Tagetes erecta L.) saplings were collected from Global nursery, Siliguri and 

planted in experimental garden of Department of Botany, North Bengal University for 

experimental pmpose. Plants were maintained in both pots and in field condition with 

regular watering. 

3.5.3. Soybean 

Soybean seeds were collected from local market of Sikkim and grown in earthen ware 

pots, kept in the glass house and used for experimental pmposes. Seeds of soybean were 

surface Sterilized, rinsed 6 times with sterile water and dried. The surface disinfected 

seeds were coated by soaking seeds in liquid culture medium for 2 h. Spore suspensions 

added to soils 48 h before sowing. The uninoculated seeds served as a control treatment 

for comparison. The plants were irrigated with tap water as and when required. 
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3.6. Test organisms 

3.6.1. Fungal Culture 

For in vitro evaluation of antagonistic activity of rhizobacterial and fungal isolates 

following root fungal pathogens viz., Ustulina zonata, Fornes lamaoenses and Sclerotium 

rolftii were used. 

3.6.2. Source of culture 

The tea root pathogens- Ustulina zonata was obtained from Tea Experimental Station, 

Tocklai, Assam, Fornes lamaoenses (Murr.) Sacc &Trott., were obtained from Tea 

Experimental Station, Tocklai, Assam, and, Sclerotium rolftii I Sacc., causing seedling 

blight in tea were obtained from Immuno-Phytopathology Laboratory, Department of 

Botany, N.B.U. and were being maintained with regular sub culturing in PDA for 

subsequent tests. 

3. 7. Assessment of mycelial growth. 

Mycelial growth of the fungal cultures was assessed in both on solid media and liquid 

media to know their culture characteristic. 

3.7.1. Solid media 

To assess the growth of fungal culture in solid media, the fungus was first grown on petri 

dishes, each containing 20m! of PDA followed by incubation for 7 days at 30°C. Agar 

blocks (6mm diameter) containing the mycelium was cut with sterile cork borer from the 

actively growing region of mycelial mat and transferred to each Petri dish containing 

20m! of different sterilized solid media. The colony diameter was studied at regular 

interval of time. The media were as follows: 

A. Potato dextrose agar (PDA): 

Peeled potato - 40.00g, Dextrose, Agar - 2.00g, Distilled water- 1 OOml 

B. Richards agar (RA): 

KN03 - l.OOg, KH2P04 - 50g, MgS04, 7H2 - 0.25g, FeCh - 0.002g, 

Sucrose- 3.00g, Agar- 2.00g, Distilled H20- lOOm! 



C. Carrot juice agar (CJA): 

Grated carrot- 20.00g, Agar- 2.00g, Distilled water- 100 m1 

D. Czapek dox agar (CDA): 
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NaNo3 - 0.20g, KHP04 - O.!Og, MgSo4.7H20 - 0.05g, KCl - 0.05g, 

FeSo4.?H20- 0.05g, Sucrose- 3.00g, Agar- 3.00g, Distilled water -lOOm 

E. Potato sucrose agar (PSA): 

Peeled potato - 40.00g, Sucrose- 2.00g, Agar- 2.00g, 

Distilled water - 1 OOml. 

F. Malt extract peptone agar (MPA): 

Malt extract - 20.00g, Peptone - l.OOg, Dextrose - 20.00g, Agar - 20.00g, 

Distilled water - lL 

G. Yeast extract dextrose agar (YDA): 

Yeast extract- 7.50g, Dextrose- 20.00g, Agar- 15.00g, 

Distilled water - I L. 

H. Flentze's soil extract agar (FSEA): 

Soil extract- IL, Sucrose- l.OOg, KH2P04 - 0.20g, Dried yeast- O.!Og, 

Agar- 25.00g 

3.7.2. Liquid media 

To assess the mycelial growth in liquid media the fungus was first grown on petriplates, 

each containing 20ml of PDA and incubated for 5-8 days at 30 •c. The mycelial block 

(5mm) from the actively growing region of the fungus in the petriplate was cut with 

sterilized cork borer and transferred to Ehrlenmeyer flask (250m!) containing 50 m1 of 

sterilized liquid media Potato dextrose broth (PDB), Richards medium and Nutrient broth 

(NB) and incubated for 6 - 8 days with constant stirring at room temperature. After 

incubation the mycelia were harvested through muslin cloth, collected in aluminium foil 

cup of known weight and dried at 60°C for 96 hour, cooled in desiccators and weighed. 
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3.8. Bioinoculants 

Commercially available VAM· ( Vesicular Arbuscular Mycorrhiza ) product namely 

'JOSH' and Phosphate solubilizing fungus KALISENA -SD consisting of Aspergillus 

niger (3.28x 108 CFU/ gm, Adjl!vant 5%, Carrier q.s ) produced and marketed by Cadila 

Pharmaceuticals, Agro division, Ahmedabad, Gujarat was taken into consideration for 

experimental trials. 

3.8.1. Application procedure 

3.8.1.1. Kalisena 

Kalisena SD was mixed@ 20g per metric ton in well decomposed FYM heaps (6x3 ft. I 

ft high). The heaps were sprinkled with water to moisten them slightly to optimize AN 27 

growth and kept covered with a polyethylene or a tarpaulin sheet preferably in shade for 

1 0 days. In sun, the polyethylene sheet was covered over of paper so as to retain the 

temperature of the heaps below 40° C. The heaps was raked every third day during the 

total of this 10 days period. The amended FYM was ready to be applied,@ 8grn/kg seed. 

Nursery 5g/plant in the upper 6cm soil. 

3.8.1.2. Josh 

Josh in powder or in capsule form was used for inoculation at the rate of 50g/plant; 6-8 

/plant in case of capsule. It is formulation of living microorganisms that are sensitive to 

certain cultural practices. To avoid injuring the organism the use of phosphorus fertilizer 

or chemical fungicides should be ban 30 days before and after the application of josh in 

the soil. 

3.9. Assessment of bacterial growth 

For assessment of bacterial growth in liquid medium for lml of bacterial suspension was 

inoculated into the medium and allowed to grow for desired period. Following growth, 

absorbance was noted in a colorimeter at 600nm. Absorbance was converted into cfu!ml 

from a standard where known concentration of bacterial suspension was used. The cfu 

values were counted to log whenever needed. For assessment of bacterial growth, 

different media were used. These are as follows; 
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A. Nutrient broth (NB): 

Peptone - 5.0g, Beef extract - .3.0g, NaCl - 5.0g, Yeast extract - 3.6g, 

Water- 1000rnl, pH-7.4± 0.2 

B. Nutrient agar medium (NA): 

Peptone - 5gm, Sodium Chloride - 5gm, Yeast extract - 1.5 gm, 

Beef extract- 1.5g, Agar- 20g, Water- 1L 

C. Potato dextrose broth (PDB): 

Potato- 400g, Dextrose- 20g, Distilled HzO 1L, pH 7.3 ± 0.2 

D. King's B (KB): 

Peptone- 20.0 g, KzHP04- 1.5g, MgS04.1HzO -1.5 g, Glycerol- 15 rnl 

Distilled H20- 1 L, pH - 7.4 ± 0.2 

E. Luria broth (LB): 

Peptone- 10.0 g, NaCl- 5.0g, Yeast extract- 1.5 gm, Distilled H20- 1L, 

pH7.2±0.2 

F. Nutrient sucrose broth (NSB): 

Sucrose- 1.5g, Yeast extract - 1.2 gm, Peptone - 1.2.0 g, 

Beef extract- 0.6g, Distilled HzO- 300 rnl, pH- 7.2 ± 0.2 

G. Glucose yeast peptone (GYP): 

Glucose - 6.0 g, Peptone - 3.0 g, Yeast extract - 1.5 gm, 

Distilled HzO- 300 rnl, pH -7.2 ± 0.2 

3.10. Inoculation techniques and disease assessment 

3.10.1. Preparation of inoculum 

The inoculum of pathogen U. zonata was prepared for inoculation of healthy tea plants in 

media of sand maize meal and tea root pieces. As it increases the survival capacity and 

viability of the pathogen in the soil. Following preparations were used for experimental 

pwposes. 

3.10.1.1. Sand maize meal medium 

The mass culture of fungal pathogen was prepared in sterilized sand maize meal media , 

in which washed and sterilized sand: water: maize meal ratio of (9: 1.5: 1, w:w:v) was 
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taken in autoclavable plastic bag and conical flasks (150g) was sterilized at 20lb for 20 

min11tes method followed by (Biswas and Sen, 2000) which was inoculated with 

mycelial bits of pathogen taken from the margin of actively growing culture and 

incubated at 28°C± 2° C for 15-20 days. The two weeks old cultures were used for 

inoculating the soil. The rhizosphere of each of potted plants was inoculated with I OOg of 

pathogen inoculum prepared in sand maize meal media. Regular watering of the plants 

was done to assure the successful establishment of the pathogen. 

3.10.1.2. Tea root pieces 

Inoculum in tea root pieces was prepared following the method of (Hazarika et.al 2000). 

First root and roots lets were cut into small pieces (3cmx 1.5cmxl.5cm). Root pieces 

were taken in 250 mi flask and pieces were dipped in water for 2 hour and autoclaved as 

described above. On the next day water was decanted in a sterile chamber and inoculated 

with U. zonata, medium was incubated for 15-20 days at 28°C± 2° C. 

3.10.2. Inoculation of healthy tea plants 

In case of potted plant, 2-3 year old potted plants were used. Then 1 OOg of U.zonata 

inocula were added carefully in the rhizosphere and ensured that inocula were attached to 

healthy tea roots. Disease assessment was done after 15, 30 and 45 days of inoculation. 

3.10.3 Disease assessment 

In order to determine the effects of bacterial isolates on disease reduction, four treatments 

were taken in each case: i. Untreated control, ii. Inoculated with pathogen, iii. Inoculation 

with bacterial isolates, iv. Inoculation with fungal isolates, v. Inoculation with both 

bacteria I fungi and fungal pathogen. 

The rhizosphere of tea plants pre- treated with the antagonists or without 

treatment was inoculated with pathogen. In pre- treated plants pathogen inoculation was 

done 3 days after application of antagonist. The inoculated plants were examined at an 

interval of 15 days upto a period of 45 days for pathogenicity test and I 0 days intervals 

for biocontrol test. 

Disease intensity was assessed on the basis of above ground and under ground 

symptoms. (Roots, colour, rotting, leaves withering, shoot tip withering, defoliation etc. 

the percentage of disease incidence was calculated by dividing the number of diseased 
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plants by total number of plants and then multiplying by hundred while disease intensity 

was calculated by u_sing 0-6 scale as adopted by (Mathew and Gupta 1996). 

The disease infections observation were recorded in a continuous 0-6 scale, where 0= no 

symptoms: 1 =plants look sick and root surface started roughening in patches: 2= leaves 

start withering or looks yellow, light black patches with rough surface appear on roots; 

3= defoliation starts with random yellowing, 50% roots become inky black with random 

patchesleaves; 4= shoot tips also start withering followed by random defoliation and 60-

70% root affected as it turns black; 5= total defoliation, 70-85% blackening of roots 

leaves 6= total defoliation with drying of shoots, 85-100%, blackening and drying of 

roots. 

3.11. Joint inoculation ofBiocontrol agents 

For biocontrol experiment inoculation of PGPR, PSF, JOSH, Kalisena was done as 

described before but at least 10 days prior to the inoculation with test pathogen. The 

different combination treatment for the experiment was followed viz 

i. Pathogen ii.PGPR, iii.PSF, iv.JOSH, v. Kalisena,vi. PGPR+JOSH+Kalisena, 

vii. PGPR+JOSH +PSF+ Pathogen, viii. Untreated control. 

3.12. In vitro characterization of selected fungi and bacteria for Plant growth 

Promoting activity 

3.12.1. Phosphate solubilization 

All the isolates were inoculated (spotted) individually at the centre of Pikoveskaya's agar 

medium (Pikovskaya, 1948) and incubated at room temperature for up to one week. The 

isolates producing clearing zone (halo) were marked as phosphate solubilizers. The plates 

were observed for clear zone around the colony and diameter of the clearing zone was 

measured. The phosphate solubilization efficiency was evaluated according to( Ngugen et 

al., 1992) were phosphate solubilizing efficiency is the total diameter (colony +halo 

zone) and the colony diameter multiplied by 100. 

3.12.1.1. Quantification of P solubilization 

The Phosphate solubilizing capacity of the isolates was determined in shake flasks by 

taking 100 mL medium Pikovskaya's medium (in 500 rnl Erlenmeyer flasks. PVK broth 

containing tricalcium phosphate (TCP 5.0 g/LO as a sole P source was taken to evaluate 
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the P solubilizing efficiency of the isolates. A control was also maintained. About 2 mi of 

sample was centrifuged at lO,OOO.rpm for 10 minute and the supernatant was assayed for 

the solubilized P in the medium. 

3.12.2. Chitinase production 

Secretion of chitinase by the selected bacteria and fungi was det=ined following 

conventional plate method using chitinase detection agar (CDA). Plates were prepared by 

mixing lOg colloidal chitin with 20g of agar in M9 medium (NazHP04 0.65g, KH2P04 

1.50g, NaCl 0.25g, ~Cl 0.50g, MgS04 0.12g, CaCh 0.005g and distilled water 1L; pH 

6.5). The CDA plate was spot inoculated with organism followed by incubation at 28°C 

for 7-10 days. Formation of clear zone around the organism is considered positive 

reaction (West and Colwell, 1984). The colloidal chitin was prepared by following the 

method described by (Roberts and Selitrennikoff, 1988). 5 g of chitin powder was slowly 

added to 60 mi of concentrated HCl and left at 4 •c overnight with vigorous stirring. The 

mixture was added to 2L of ice cold 95% ethanol with rapid stirring and kept overnight at 

25 •c. The precipitation formed was collected by centrifugation at 7000rpm for 20 

minutes at 4 •c and washed with sterile distilled water until the colloidal solution become 

neutral ( pH7). The prepared colloidal solution (5%) was stored at 4 •c until further use. 

3.12.3. Siderophore production 

Production of siderophore was detected following standard method (Schwyn and 

Neiland, 1987) using blue indicator dye, chrome azurol S (CAS). For preparing CAS 

agar, 1L, 60.5 mg CAS was dissolved in 50ml water and mixed with 10 ml iron (III) 

solution ( 1 mM FeCh. 6H20 in 10 mM HCl). With constant stirring this solution was 

added to 72.9 mg hexa- decytrimethyl ammonium bromide (HDTMA), dissolved in 40ml 

water. The resultant dark blue liquid was autoclaved. The dye solution was mixed into the 

medium along the glass wall with enough agitation to achieve mixing without the 

generation of foam, and poured into sterile petriplates (25m! per plate). The plates were 

inoculated with the bacteria and incubated for 10- I 5 days till any change in the colour of 

the medium was observed. 

The bacterial strain were streaked separately into the petriplates containing PDA 

amended with FeCh at concentration of 150Jlg ml -1, and 600 Jlg ml -1• The actively 
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growmg discs of fungal test pathogen Fames lamaoensis was placed opposite the 

bacterial streaks simultaneously and incubated at 28°C for 7 days. Then zone of 

inhibition was measured. The plate containing the fungal pathogen and the bacteria on 

PDA without FeCh was treated as control. The experiment was done in replicates of 

three. 

3.12.4. HCN production 

Production ofHCN (hydrocyanic acid) was determined using the procedure described by 

Wei et a!., (1991) with slight modification. Bacteria were grown on NA medium 

amended with glycine (4.4g L-1
) in a Petri plate, and then the strip soaked in picric acid 

solution was placed in the lid of each petriplate. The plates were sealed with parafilm and 

incubated for 2-4 days. HCN production is indicated by the change in colour of the filter 

paper strip from yellow to brown to red. 

3.12.5. IAA production 

For detection and quantification of IAA, the selected bacterial cells were grown for 24 h 

to 48h in high C/N ratio medium. Trytophane (O.lmM) was added in order to enhance 

acetic acid (IAA) production by the bacteria (Prinsen et al., 1993). Production of IAA in 

culture supernatant was assayed by Pillet- Chollet method as described by (Dobbelaere et 

a/., 1999). This method was shown to be more sensitive and more specific than the 

Salkowski based calorimetric technique (Glickmann eta/., 1995). For the reaction, 1ml of 

reagent consisting of 12g Fech per litre in 7.9 M H2So4 was added to 1ml sample 

supernatant, mixed well, and kept in the dark for 30 minutes at room temperature. 

Absorbance was measured at 530nm. 

3.12.6. Volatile production 

The antagonistic bacteria were grown in petriplates for 12h. A fungal disc (6mm) cut 

from freshly growing mycelia of fungus was placed at the centre of the bottom part of 

another plate containing PDA medium. The plates inoculated with fungus was placed in 

an inverted position over the plates containing the bacterial culture of different age (same 

as pathogen, I day older, 2, 3 and 4 days older then the pathogen) and were sealed with 

parafilm to isolate inside atmosphere and to prevent loss of volatiles formed. Plates were 

incubated at 25 oc for 3-4 days. Radial growth of pathogen was measured after defmite 
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time interval. The plates without bacteria were treated as control (Dennis and Webster, 

1971 ). Each experiment considering a single bacterial isolate was performed in 

triplicates. 

3.13. Extraction of antifungal compounds from PGPR 

3.13.1. Cell free culture filtrate 

To prepare bacterial culture filtrate Ioopful of bacteria from a 24h old Nutrient Agar slant 

were inoculated into Nutrient Broth (50ml/250 flask) and incubated at 35±2°C with 

vigorous shaking on a platform shaker at 175rpm for 96h. Centrifugation was done at 

12000rpm for 20 min and supernatant was sterilized by cold and hot sterilization. Cold 

sterilization was done by passing through sterilized micro filter (0.22 Jlm pore size ).Heat 

-killed culture filtrate was prepared by autoclaving supernatant at 15 Ib pressure for 

15min. 

3.13. 2. Solvent extraction 

In order to isolate the active principle from the culture filtrates, the bacteria were grown 

in NB for 96h at 35•c in shaking condition at 175rpm. Centrifugation was done at 12000 

rpm for 20 min and supernatant was pooled and were used as the culture filtrates. Cell 

free sterilized culture filtrate was extracted separately three times with equal volume of 

acetone, benzene, chloroform, ethylacetate and diethylether. The organic fraction and 

corresponding aqueous fraction were evaporated to complete dryness in a rotary 

evaporator at room temperature and residue in each case was dissolved in 2.5ml of 80% 

methanol and stored in a capped bottle at 4 •c and used for the bioassays. 

3.13.3. Bacterial cell 

Extraction of the active principle from the bacteria grown in solid media was carried out 

with slight modification of the method described by Howell and Stipanovic (1980). The 

bacterial lawn was prepared by growing in NA plate for 7 days. The agar plates were cut 

into 1 em square and extracted in 200 ml of 80% aqueous acetone, filtered through a 

cheese cloth and the filtrate was centrifuge at 15000 rpm for 10 minute. The supernatant 

was evaporated to remove acetone. To residue (5 g lOOm!), NaCI was added and 

centrifuged at 15000 rpm for I 0 minute, each portion of the supernatant was extracted 

twice in diethyl ether and dried over anhydrous calcium chloride. The compound in a 
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crystalline from was recovered from the residues. This was dissolved in methanol and 

used for bioassay. 

3.14. Bioassay of active principle 

Antifungal activity of active principles or cell free culture filtrate was checked by radial 

growth bioassay, spore germination bioassay and sclerotia! germination bioassay. 

3.14.1. Spore gennination 

Fungal spores of test fungi were bioassayed against active principle obtained from 

selected bacteria on glass slides following the method of (Trivedi and Sinha 1976). A 

drop of the test solution was placed on a clean, grease free grooved slide and allowed to 

evaporate following which a drop of spore suspension was placed over it. 1n another 

slide, methanol was added in place of the antifungal compound which was treated as 

solvent control. The slide without any solvent but containing only spore suspension was 

considered as water control. The slide was incubated in a moist Petri plate for 24 h at 

30°C ± I °C. Finally one drop of !acto phenol - cotton blue was added to each spot to fix 

the germination spore. The slides were observed under microscope and the percentage of 

germination was determined. 

3.14.2. Sclerotia! germination. 

For assessing the effect ofthe active principle from bacteria or cell free culture filtrate on 

the sclerotia! germination of S. rolftii the sclerotia were scrapped off from the culture 

growing in PDA. The sclerotia were then soaked overnight in test solution. The sclerotia 

soaked in sterile distilled water served as the control. After overnight soaking the 

sclerotia were transferred asceptically to the petriplate containing PDA and incubated at 

room temperature. The inhibition in the germination of sclerotia was evaluated by 

counting the number of germinated sclerotia. 

3.14.3. Radial growth: 

The method of (Fiddaman and Rossall, 1994) was followed with modification. 

Autoclaved PDA medium (20m!) was mixed with) 0.5ml of test compound solution and 

plated into petriplates (70 mm dia.). After solidification, agar block (6mm dia.) 

containing growing mycelium of the test fungus ( 4 day old) was placed in the centre of 

each petriplate. Control plates were mixed with solvent alone. The plates were incubated 
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at 3o•c ± I •c and radial growth of mycelium was measured after every 2, 4, 6 and 8 

days interval. 

3.14.4. Agar cup bioassay 

Antifungal activity was also determined by agar cup bioassay technique. Initially, well 

was made in the periphery of the plates using PDA medium which was poured in sterile 

petriplate and allowed to solidify, then bored with a sterile cork borer (7mm). Test 

solution (0.2ml) was added to each cup and the fungal inoculum (5mm) was placed at the 

centre. The plate was incubated at 30°C ± 1 •c for desired period. The diameter for fungal 

pathogen was noted. The plate containing 0.2 ml of dissolved solvent and plate without 

any solvent served as solvent control and control respectively. The experiment was 

performed in replicates of three and was repeated thrice. 

3.14.5. Liquid media 

Cell free culture filtrate was added to the liquid medium (PDB and NB) at different 

percentage (20-80) and inoculated with pathogen. The whole setup was incubated at 30°C 

± 1 •c for 6-7 days to observe the growth of pathogen. The media without the cell free 

culture filtrate was treated as the control. 

3.15. Application of bacteria 

3.15.1. Soil drench 

The bacteria were grown in NB for 48 h at 28°C and centrifuged at 12,000rpm for 15 

minute. The pellet obtained was suspended in sterile distilled water. The optical density 

of the suspension was adjusted using UV-VIS spectrophotometer following method to 

obtain a final density of3 XI 06cfu mr1
. 

The bacterial suspensiOn was applied to the pots during transplantation of 

seedling from sleeves. Applications were done @ Of 1 00 ml per pot at regular interval of 

one month for three months subsequently. The rhizosphere oftwo year's old potted plant 

was inoculated twice at an interval of20-25 days. 

3.15.2. Foliar spray 

The bacterial pellet suspended in sterile distilled water at a concentration of 3xl 06 cfu 

mr1 after the addition of a few drops of Tween -20 was sprayed until run off on the foliar 
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part of the ten year old bushes after pruning. The spraying was done forth nightly till the 

new shoots started appearing. The growth parameters such as number of leaves, branches 

and height were observed. 

3.15.3. Seed bacterization 

Soybean seeds were surface sterilized with sodium hypochlorite and rinsed in distilled 

water after which seeds were dried under sterile air stream. 1 0 ml bacterial suspension 

containing 3x1 06 cfu mr1 was taken in petri plates. The seeds were soaked in bacterial 

suspension using 0.2% sterilized carboxymethyl cellulose as an adhesive. The seeds 

soaked in sterile distilled water served as control. After 24 h the seeds were blotted dry, 

and sown in plastic pots (6' dia). Following germination, 10-12 plants were maintained in 

each pot. 

3.16. In vivo tests of plant growth promoting activity of selected fungus and bacteria 

3.16.1. Tea 

The experiment was conducted on tea, marigold and soybean under greenhouse condition 

to assess the efficacy of selected fungal and bacterial isolates to promote plant growth. 

The growth promotion was assessed in seedling by comparing the increase in height, 

number of leaves of the treated plants to the untreated control plants under the same 

environmental and physical condition (temperature 30-34 oc; R.H. 60-80%; 16h 

photoperiod). The experiments consisted offive replicates in each treatment incompletely 

randomized design. Similarly, the growth promotion in 2 years plants were also recorded 

in terms of leaf Area Index (LAI) of individual plant (Watson, 1947) and number of 

branches of the treated and untreated control plants. Observations were recorded after 2 

and 4 months of final application of bacteria or fungus to the soil. The growth promotion 

by foliar application of bacterial suspension was assessed by shoots, overall growth of 

canopy and general increase in biomass. 

3.16.2. Soybean 

The plant growth promoting activity of bacteria and fungi were assessed based on the 

seedling vigour index. Seed germination percentage of seeds was determined. The root 

and shoot length of individual seedling were measured to work out the vigour index using 

the formula suggested by (Baki and Anderson, 1973 ). 
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Vigour Index = (mean shoot length = root length) x % germination. The experiment was 

carried out in three replicates with 30 seeds in each plate. 

3.16.3. Marigold 

In case of marigold, plant growth promotion was assessed on the basis of increase in 

length of shoot, number of branches, number of flower head and number of leaves has 

been considered two months after application of bacterial! fungal suspension. 

3.17. Extraction and estimation of ChlorophyU 

3.17 .1. Extraction 

Chlorophyll was extracted according to the method described by ( Harbone, 1973) with 

some modification. About 1 g of fresh leaf tissues was crushed in a mortar and pestle in 

80% acetone in dark to prevent the photo oxidation of chlorophyll. Then the extract was 

filtered using Whatmann No.1 filter paper, adding sufficient amount of 80% acetone until 

the final volume was made up to 25m!. 

3.17 .2. Estimation 

Estimation was done by following the Harbone's method (1973 ). The O.D value of test 

solution was measured directly at 663 nm and 645 nm in a UV -vis spectrophotometer. 

80% acetone was used as blank amount of total chlorophyll, chlorophyll a, and 

chlorophyll b were estimated from these reading using the formula. For Total 

chlorophyll: (20.2At;45+8.02At;63) mg/g-1 tissue chlorophyll a: (12.7At;w2.69 At;45) mg/g-

1 tissue and for chlorophyll b: (22.9At;w4.68At;63) mg/g-1 tissue. 

3.18. Extraction of phenol contents from leaves and roots 

Phenols was extracted from the fresh leaves following the method of (Mahadeven and 

Sridar, 1982).1 g of fresh root/leaf cut into small pieces put in boiling alcohol in a water 

bath for 5-10 minutes (4ml alcohol /gm tissue). After 15 minutes of boiling it was cooled 

and crushed in mortar and pestle thoroughly at room temperature. The extract was passed 

through two layers of cheese cloth and then filtered through Whatmann No.1 filter paper. 

Final volume was adjusted with 80% ethanol. The whole experiment was done in dark to 

prevent light induced degradation of phenol. 
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Total phenol content was estimated by Polin Ciocalteau's reagent, following the method 

of (Mahadevan and Sridhar, 1982). To lml of test solution with 10"2 and 10"1 dilution 

(leaf and root) plus 1 ml of 1 N folin -ciocalteau reagent (1: 1) followed by 2m! of 20% 

sodium carbonate solution (Na2Co3 ) is taken in test tube, mix well and boil in water bath 

for exactly 1 minute. After cooling, dilute upto 25m! by adding distilled water. 

Absorbance of the blue colored solution was measured in a systronic photometric 

colorimeter Modle 101 at 650 nm. Quantity of total phenol was estimated using caffeic 

acid as standard. 

3.18.1.2. Ortho-dihydroxyl phenol: 

0-dihydroxy phenol was estimated following the method of (Mahadevan and Sridhar, 

1982). lml of(10"1 dilution) test solution plus 2m! of O.OS(N)HCL plus lml of Arnow's 

reagent (NaN02-10g, NaMo04-10g, distilled water- lOOm!) plus 2m! of lN NaOH and 

mixed thoroughly , Pink colour develops ,volume was adjusted to 10 ml with distilled 

water and shaken thoroughly. Absorbance of the blue colored solution was measured in 

asystronic photometric colorimeter Modle 101 at 515 nm . Quantity of 0-dihydroxy 

phenol was estimated using caffeic acid as standard. 

3.19. Extraction of Catechin 

Extraction method was based on following the protocol of(Obanda Owuor, 1994) with 

slight modification. 1 Ogm leaf (size of leaf measure with respect to control) was crushed 

in 80% acetone taking 100 ml in each sample, boiled at 45°C for 30 minute in waterbath 

(cryostat) and then filtered through Whatman No.1 filter paper (in dark). After that 

acetone extract was concentrated to dryness (kept in water bath but make sure that sample 

should not be boiled). After drying, residue was dissolved in 20 ml distilled water. The 

water solution was extracted with equal volume of chloroform for four times. The pH of 

the water layer was adjusted to 2 by 2 drops of 2 (N) HCL and finally extracted with 

methyl isobutyl ketone. The extract was concentrated to dryness and finally dissolved in 

3 ml of 2% acetic acid. The samples were finally filtered through Millipore filter paper. 

(Millipore 0.4J.lm HA filter paper). 
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3.19.1. HPLC analysis of catechins 

Catechin analysis of the extract was carried out on HPLC (Shimadzu Advanced VP 

Binary Gradient) using C-18 hypersil column with linear gradient elution system as 

follows- mobile phase A1 00% acetonitrile: mobile phase B2% acetic acid in water. 

Elution: 88% B for 6 minutes then linear gradient to 75% B over 5 minutes. The elution 

was complete after a total min of 25 min. flow rate was fixed as 1ml min -I with 

sensitivity of0.5 aufs. Injection volume was 20f.Ll and monitored at 278nm. 

3.20. Extraction of enzyme from leaves 

3.20.1.1!-1, 3- glucanase, 

Extraction of/3-1,3- glucanase (EC.3.2.1.39) was done following the method described by 

Pan eta!. (1999). Tea leaf samples (I g) was crushed in liquid nitrogen and extracted 

using 5ml of chilled 0,05 M sodium acetate buffer (pH 5,0) by grinding at 4 °C using 

mortar and pestle. The extract was then centrifuged at I 0000 rpm for 15 minutes at 4 °C 

and the supernatant was used as crude enzyme extract. 

3.20.2. Chitinase: 

Extrection of chitinase (EC. 3 .2.39) was done by following the method described by 

Boller and Mauch (1988) with modifications. 1gm leaf sample from tea plants were 

crushed in liquid nitrogen and extracted using 5ml of chilled 0.1 M Sodium Citrate buffer 

(pHS). The homogenate was centrifuged for 10minute& at 12,000rpm and the supernatant 

was used as enzyme source. 

3.20.3. Phenylalanine ammonia lyase (PAL) 

Extraction of PAL (EC.4.3.1.5) was done by following the method described by 

Chakraborty eta!. (1993) with modifications. 1gm sample is crushed in 0.1M sodium 

borate buffer pH 8.8 (5ml/gm) with 2mM of /3 mercaptoethanol in ice cold temperature. 

The slurry was Centrifuge in 15000 rpm for 20 minutes at 4°C. Supernatant was collected 

and after recording its volume, was immediately used for assay or stored at-20°C. 

3.20.4. Peroxidase 

For the extraction of peroxidase (EC.1.11.1.7) the plant tissues were macerated to powder 

in liquid nitrogen and extracted in 0.1 M Sodium borate buffer (pH 8.8) containing 2 mM 

/3 mercaptoethanol under ice cold conditions, the homogenate was centrifuged 
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immediately at 15000 rpm for 20 minutes at 4 °C. after centrifugation the supernatant was 

collected and after recording its volume was immediately used for assay or stored at -20 

°C (Chakraborty et al., 1993). 

3.20.5. Polyphenol oxidase 

Extraction of polyphenol oxidase (EC.1.1.14.18.1) from the tea leaf tissues was done 

following the method described by Mahadevan and Sridhar (1982) with modifications. 1 g 

leaf samples were crushed in liquid nitrogen and extracted using 5ml (0.1 M) phosphate 

buffer pH 6.6. The homogenate was centrifuged at 15000 rpm for 15 minutes at 4 °C. The 

supernatant was decanted and used as enzyme source for futher assay. 

3.21. Assay of enzyme activities 

3.21.1. H-1, 3- glucanase 

Estimation ofthe B-1,3- glucanase was done by following the Laminarin dinitrosalicylate 

method (Pan et. a/., 1991 ): The crude enzyme extract of 62.5111 was added to 62.5 111 of 

laminarin (4%) and then incubated at 40°C for 10minutes. The reaction was stopped by 

adding 375111 dinitrosalicylic reagent and heating for 5 min on boiling water bath. The 

resulting colored solution was diluted with 4.5 ml of water, vortexed and absorbance was 

recorded at 500nm. The blank was the crude enzyme preparation mixed with laminarin 

with zero time incubation. The enzyme activity was expressed as 11g glucose released 

min-1 g ·I fresh tissues. 

3.21.2. Chitinase 

Chitinase activity was measured according to the method described by (Boller and 

Mauch,1988). The assay mixture consisted of 10111 Na-acetate buffer (1M) pH 4, 0.4ml of 

enzyme solution, 0.1 ml of colloidal chitin (1 mg). Colloidal chitin was prepared as per the 

method of (Roberts and Selitrennikoff, 1988). After 2hour of incubation at 37 °C the 

reaction was stopped by centrifugation at 1 O,OOOg for 3minutes. An aliquot of supernatant 

(0.3ml) was pipetted into a glass reagent tube containg 30111 of potassium phosphate 

buffer (1M) pH7.1 and incubated with 20111 of (3%w/v) desalted snail gut enzyme 

Helicase (Sigma) for I hour. After I hour, the pH of the reaction mixture was brought to 

8.9 by addition of 70!11 of sodium borate buffer (1M) pH9.8. The mixture was incubated 
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in a boiling water bath for 3minutes and then rapidly cooled in an ice water bath. After 

addition of 2m! of DMAB (p-dimethylaminobenzaldehyde ) reagent. The mixture was 

incubated for 20 minutes at 37 °C. 

Immediately therefore absorbance value at 585nm was measured using a UV-VIS 

spectrophotometer. N-acetyl glucosamine (GlcNAc) was used as standred Reissig eta/., 

(1959). The enzyme activity was expressed as J.Lg GLcNAc min ·1 mg -1 fresh tissues. 

3.21.3. Phenylalanine ammonia lyase 

Phenylalanine ammonia lyase activity in the supernatant was determined by measuring 

the production of cinnamic acid from L-phenylalanine spectrophotometrically. The 

reaction mixture contained 0.3 ml of300J.LMsodium borate (pH 8.8), 0.3 ml of30 J.LML

phenylalanine and 0.5ml of supernatant in a total volume of 3m!. Following incubation 

for 1 h at 40 °C the absorbance at 290nm was read against a blank without the enzyme in 

the assay mixture. The enzyme activity was expressed as J.Lg cinnamic acid produced in 1 

min g -1 fresh weight of tissues. 

3.21.4. Peroxidase 

For determination of peroxidase activity, I OOJ.Ll offreshly prepared crude enzyme extract 

was added to the reaction mixture containing 1 ml of 0.2 M sodium phosphate buffer (pH 

5.4), 100J.Ll of 4mM H20 2, 100 J.Ll 0-dianisidine (Smg ml-1 methanol) and 1.7ml of 

distilled water. Peroxidase activity was assayed spectrophotometrically at 460 nm by 

monitoring the oxidation of 0- dianisidine in presence of H2 0 2 (Chakraborty et a/., 

1993). Specific activity was expressed as the increase in absorbance at 460 nm g-1 tissue/ 
• -1 

mm. 

3.21.5. Polyphenol oxidase 

Polyphenol oxidase activity was measured by the method of (Mahadevan and Sridhar et 

a/., 1982). The reaction consists of I ml of enzyme extract and 2m! of 0.2 M sodium 

phosphate buffer (pH 6.0). For reaction 2m! of 0.2 M sodium phosphate buffer pH 6.0 

containing 0.01M pyrogallol was added. Reading was noted after every I minute at 

495nm. Activity was expressed as AA.95 min-1 g-1 fresh tissue. 
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3.22. Mass multiplication of AM fungi 

For mass multiplication, AM fungi isolated from rhizosphere were inoculated in Sorghum 

bicolor, Cynodon dactylon, and Zea mays in pots taking sterile soil (Plate-4). 

3. 22.1 V AM spore germination 

IOmM 2(N-morpholin) ethane sulphonic acid (MES) to 1% water agar (Difco-Bacto), 

maintain the pH 7 and kept in 25 ° C (room temp) for incubation hypha! length is 

measured by using the gridline intersect method. 

3.22.2. V AM root staining 

For observation of V AM mycelia, roots were cut in small pieces (1 em) and then boiled 

in 10% NaoH for 2 hours in water bath. After that washed in distilled water, 2% Hcl was 

added to neutralize (half hour) and again washed with water. Staining was done with 

cotton blue: lactophenol (1 :4) for 3-4 minutes with mild washing. Kept in 50% glycerol 

for some time and removed and made slide for observation. 

3.23. Modified Morgan Extraction for Phosphorous from soil 

Approximately 4cm of air dried, sieved soil was scooped and put into 50ml extraction 

flasks. For colourless filtrate, added 1cm3 of activated carbon (charcoal) to each flask. 20 

ml of the modified morgan extractant (add 28.74 ml glacial acetic acid as added to a 40L 

carboxy containing approximately 20L distilled water. And 1825 ml concentrated 

NH.OH was added to each flask. Diluted to 40 L with distilled water and mixed well. 

The pH of the solution was maintained at 4.8± 0.05 by adding concentrated NH.OH or 

acetic acid to each flask. It was shaken at 180 oscillations per minute for 15 minutes on 

reciprocating shaker and finally filtrate was filtered through a medium porosity filter 

paper. Analysis of filtrate was done for, P, K, Ca and Mg by following the method of Me. 

Intosh, (1969). 



Plate 4(A-E): Mas multiplication of AM fungi in Sorghum hicolor (A& 8), 
Cynodon dactyl on (C) and Zea mays ( D& E) 



3.24. Extraction of proteins 

3.24.1 Leaves 
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Soluble protein was extracted from the leaves of bacteria or fungus treated and control 

plants following the method of (Chakraborty et a/., 1995). Plant tissues were frozen in 

liquid nitrogen and ground in 0.05 mM sodium phosphate buffer (pH 7.2) containing 10 

mM Na2 S2 05, 0.5 mM MgCh and 2mM PMSF was added during crushing and 

centrifuged at 4°C for 20 min at 12000rpm. The supernatant was used as crude protein 

extract and total soluble protein content was estimated following the method of Lowry et 

al. (1951) using bovine serum albumin (BSA) as standard. 

3.24.2 Mycelia 

Mycelia protein was prepared following the protocol as outlined by( Chakraborty and 

Saha, 1994). The fungal mycelia were grown in 250 ml Ehrlenmeyer flask each 

containing 50 ml of potato dextrose broth (PDB) and incubated for 10 days at 30± 1 °C. 

for extraction of antigen, mycelial mats were harvested washed with 0.2% Nacl and 

rewashed with sterile distilled water. Washed mycelia were crushed with sea sand using a 

chilled mortar and pestle and homogenized with cold 0.05rn sodium phosphate buffer 

(PH-7.2) supplemented with 0.85% Nacl, lOmM sodium metabisulphite, PVPP 

(Polyvinyl pyrollidine Phosphate) and O.SmM magnesium chloride in ice bath. The 

homogenated mixture was kept for 2hour or overnight at 4°C and then centrifuge at 

lO.OOOrpm for 30 minute, at 4°C to eliminate cell debris. The supernatant was 

equilibrated to 1 00% saturated ammonium sulphate under constant stirring in ice bath and 

kept overnight at 4°C. After this period, the mixture was centrifuged (lO,OOOrpm) for 30 

minute at 4° C, the precipitate was dissolved in the same buffer (pH 7.2). The preparation 

was dialysed for 72h through cellulose tubing (sigma chemical co., USA) against 1L of 

0.005 M sodium phosphate buffer (pH 7.2) with six changes. The dialysate was stored at 

-20°C and used as antigen fro the preparation of antiserum and other experiment. 



3. 25. Immunological studies 

3.25.1 Preparation of antigen 

3.25.1.1. Bacterial antigens 
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Soluble protein was obtained by strong sonication of bacterial cells in 0.05M sodium 

phosphate buffer (pH 7.2) and centrifuged at 4°C for 20 minutes at 10,000 rpm. The 

supernatant was used as antigen for the preparation of antibodies against it. Prior to 

injection quantity of protein was measured and these was also analysed by SDS-PAGE. 

3.25.1 2. Fungal antigen 

Mycelia protein was prepared following the method as outlined by (Chakarborty and 

Saha 1994). Mycelia mats were harvested from 7-10 days old culture and washed with 

0.2% NaCI then again rewashed with sterile distilled water. Washed mycelia were 

crushed with sea sand using a chilled mortar and pestle and homogenized with cold 0.05 

M sodium phosphate buffer (pH 7.2) supplemented with 0.85% NaCI, 10 mM sodium 

metabisulphite and 0.5 mM MgCh in ice bath. The homogenate mixture was kept for 2h 

or overnight at 4 °C and then centrifuged at lO.OOOrpm for 30 min at 4 °C to eliminate 

cell debris. The supernatant was collected and stored in -20 °C and used as antigen for the 

preparation of antiserum. 

3.25.1.3 Soil antigen 

Soil antigens were prepared following the method of (Walsh eta/., 1996). 1 g soil was 

crushed in 2m! of 0.05 M sodium- bicarbonate buffer (pH 9.6) in a mortar and pestle and 

kept overnight at 4 °C. Next day, centrifugation was done at 10000 rpm for 10 min. The 

supernatant was collected and used as antigen for micro plate trapping and blotting 

purposes. 

3.25.2 Estimation of protein content and SDS-P AGE analysis of antigenic proteins 

3.25.2.1 Estimation of protein content: 

Soluble proteins were estimated following the method as described by (Lowry et a/., 

1951). To lml ofprotein sample 5ml of alkaline reagent (lml ofl% CuS04 and lml of 

2% sodium potassium tartarate, added to lOOm! of 2% Na2 C03 in 0.1 NaOH) was 

added. This was incubated for 15 minutes at room temperature and then 0.5ml of IN 

Folin Ciocalteau reagent was added and again incubated for further 15 minutes following 
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which optical density was measured at 720 nm. Quantity of protein was estimated from 

the standard curve made with bovine serum albumin (BSA). 

3.25.2.3. SDS-PAGE analysis of soluble proteins 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis was performed for detailed 

analysis of protein profile following the method of(Laemmli 1970). 

For the preparation of gel the following stock solution were prepared 

3.25.2.4 Preparation of stock solution 

Following stock solution were prepared 

A. Acrylamide and N'N' - methylene bis acrylamide 

A stock solution containing 29% acrylamide and 1% bis-acrylamide was prepared in 

warm water, as both of them are slowly dominated to acrylic and bis acrylic acid by 

alkali and light. The pH of the solution was kept below 7.0 and the stock solution was 

then filtered through Whatman No. 1 filter paper and kept in brown bottle, stored at 4°C 

and used within one month. 

B. Sodium Dodecyl Sulphate (SDS) 

A 10% stock solution of SDS was prepared m warm water and stored at room 

temperature. 

C. Tris Buffer 

i) 1.5M Tris buffer was prepared for resolving gel. The pH of the buffer was adjusted to 

8. 8 with concentrated HCl and stored at 4°C for further use. 

ii) 1.0 M Tris buffer was prepared for use in the stacking and loading buffer. The pH of 

this buffer was adjusted to 6.8 with cone. HCl and stored at 4°C for use. 

D. Ammonium Persulphate (APS) 

Fresh 10% APS solution was prepared with distilled water each time before use. 

E. Tris- Glycine electrophoresis buffer 

Tris running buffer consists of 25mM Tris base, 250mM Glycine (pH 8.3) and 0.1% 

SDS. A IX solution was made by dissolving 3.02 g Tris base, 18.8 g Glycine and 10 ml 

ofl 0% SDS in lL distilled water. 

F. SDS gel loading buffer 
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This buffer contains 50 mM Tris -HCl (pH 6.8), 10 mM B- mercaptoethanol, 2% SDS, 

0.1% bromophenol blue, 10% glycerol. A 1 x solution was prepared by dissolving 0.5ml 

of 1M Tris buffer (pH 6.8), 0.5ml of 14.4MB- mercaptoethanol, 2 ml of 10% SDS, 10 

mg bromophenol blue, lml glycerol in 6.8 ml of distilled water. 

3.25.2.5 Preparation of gel 

Mini slab gel (plate size 8cm xl Ocm) was prepared for analysis of proteins patterns 

through SDS-PAGE. For gel preparation, two glass plates (8 cmxlO em) were washed 

with dehydrated alcohol and dried to remove any traces of grease. Then 1.5 mm thick 

spacers were placed between the glass plates at the two edges and the three sides of the 

glass plates were sealed with gel sealing tape or wax, clipped tightly to prevent any 

leakage and kept in the gel casting unit. Resolving and stacking gels were prepared by 

mixing compounds in the following order and poured by pipette leaving sufficient space 

for comb in the stacking gel (comb +lcm). After pouring the resolving gel solution, it 

was immediately over layered with isobutanol and kept for polymerization for I h. 

After polymerization of the resolving gel was complete, overlay was poured off 

and washed with water to remove any unpolymerized acrylamide. Stacking gel solution 

was poured over the resolving gel and the comb was inserted immediately and over 

layered with water. Finally the gel was kept for polymerization for 30-45 minutes. After 

polymerization of the stacking gel the comb was removed and the wells were washed 

thoroughly. The gel was then finally mounted in the electrophoresis apparatus. Tris -

Glycine buffer was added sufficiently in both upper and lower reservoir. Any bubble 

trapped at the bottom of the gel, was removed carefully with a bent syringe. 

Name of the compound 10% Resolving gel (ml) 5% Stacking gel (ml) 
Distilled water 2.85 
30% acrylamide 2.55 
Tris* 1.95 
!O%SDS 0.075 
10%APS 0.075 
TEMED** 0.003 
*For 1.5 M tris pH 8.8 in resolving gel and for IM Tris pH 6.8 in stacking gel 
** N,N,N',N'-Tetramethyl ethylenediamine. 

2.10 
0.10 
0.38 

0.030 
0.030 
0.003 
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3.25.2.6 Sample preparation 

Sample (50!!1) was prepared by mixing the protein extract (35 !J.I) with IxSDS gel 

loading buffer (16 !J.I) in cyclomixer. All the samples were floated in a boiling water bath 

for 30 minutes to denature the proteins samples. After boiling, the sample was loaded in a 

predetermined order into the bottom of the well with T -100 micropipette syringe. Along 

with the protein samples, a marker protein consisting of a mixture of six proteins ranging 

from high to low molecular mass (Phosphorylase b-97,4000: Biovine Serum Albumin -

68,000; Albumin -43,000; Carbolic Anhydrase -29.000; Soybean Trypsin inhibitor-

20,000; Lysozyme- 14,300.was treated as the other samples and loaded in separate well. 

3.25.2.7 Electrophoresis 

Electrophoresis was performed at 18mA current for a period of two to three hours or 

until the dye reached the bottom of the gel. 

3.25.2.8 Fixing and staining 

After completion of electrophoresis, the gel was removed carefully from the glass plates 

and the stacking gel was cut off from the resolving gel and finally fixed in glacial acetic 

acid: methanol: water (1 0:20:70) for overnight. 

The staining solution was prepared by dissolving 250mg of Coomassie brilliant 

blue (Sigma R 250) in 45 ml of methanol. When the stain was completely dissolved, 

45ml of water and 1Om! of glacial acetic acid were added. The prepared stain was filtered 

through Whatrnan No. I filter paper. 

The gel was removed from the fixer and stained in this stain solution for 4 hours at 3 7 C 

with constant shaking at low speed. After staining the gel was finally destained with 

destaining solution containing methanol, water and acetic acid (4.5: 4.5:1) at 400 C with 

constant shaking until the background become clear. 

3.26. Raising ofpolyclonal antibodies 

3.26.1. Rabbits and their maintenance 

Polyclonal antibodies were prepared against fungal and bacterial antigens m New 

Zealand white male rabbits approximately 2kg of body weight. Before immunization, the 

body weights of rabbits were recorded and observed for at least one week inside the 
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cages. Rabbits were maintained in Antisera Reserves for plant Pathogens, Immuno

Phytopathology Laboratory, Department of Botany, NBU. They were regularly fed with 

green grass, soaked gram, green vegetables and carrots etc. twice a day. After each 

bleeding they were given saline water for three consecutive days and kept in proper 

hygienic conditions. 

3.26.2. Immunization 

Before immunization, normal sera were collected from each rabbits. For developing 

antisera, intramuscularly injections of 1ml antigen(protein extracted) mixed with 1m! of 

Freund's complete adjuvant (Genei) were given into each rabbit 7 days after pre

immunization bleeding and repeating the doses at 7 days intervals for consecutive week 

followed by Freund's incomplete adjuvant (Genei) at 7 days intervals upto 12-14 

consecutive weeks as required. Method of (Alba and Devay, 1985) and (Chakraborty and 

Saha, 1994) were followed for immunization. 

3.26.3. Bleeding 

Bleeding was performed by marginal ear vein puncture, three days after the first six 

injections, and then every fourth injection. In order to handle the rabbits during bleeding, 

they were placed on their back on a wooden bored fixed at an angle of 60°, and held the 

rabbits tight so that it could not move during the bleeding. The hairs from the upper side 

of the ear was removed with the help of a razor and disinfected with alcohol. The ear vein 

was irritated by the application of xylene and an incision was made with the help of a 

sharp sterile blade and 5 -10 ml of blood samples were collected in sterile graduated glass 

tube. The blood samples were incubated at 37°C for 1 hr for clotting. After clotting; the 

colt was loosened with a sterile needle. Finally, the serum was classified by 

centrifugation. (2000g for 10 minute at room temperature) and distributed in 1 ml vials 

and stored at -20°C as crude antisera. The serum was used for double diffusion analysis, 

dot blots analysis and Enzyme Linked Immunosorbent Assay (ELISA) 

3.27. Purification oflgG 

3,27.1 Precipitation 

IgG was purified as described by (Clausen, 1988). Crude antiserum (2m!) was diluted 

with two volume of distilled water and an equal volume of 4M (NH. S04) ammonium 
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sulphate is taken and adjust pH to 6.8, stir the mixture was stirred for 16h at 20° C in 

magnetic stirrer. The precipitate thus formed was collected by Centrifugation at 12,000 

rpm for 1 h at 22 ° C for 1 h. Discard supernatant, pellet is used for further steps. After 

the column material had settled, 25 ml of buffer (0.02 M sodium phosphate, pH 8.0). 

3.27.2 Column preparation 

Eight gram of DEAE cellulose (Sigma Co. USA) was suspended in distilled water for 

overnight The water was poured off and the DEAE cellulose was suspended in O.OOSM 

phosphate buffer (pH 8.0) and tht;l washing was repeated for 5 times. The gel was then 

suspended in 0.02 M phosphate buffer, (pH 8.0) and was transferred to a column (2.6 em 

in diameter and 30cm height) and allowed to settle for 2h. After the column material had 

settled 25m! of buffer (0.02M sodium phosphate, pH 8.0) washing was given to the 

column material. 

3.27.3 Fraction collection 

At the top of the column, 2m! of ammonium sulphate precipitate was applied and the 

elution was performed at a constant pH and a molarity continuously changing from 0.02 

m to 0,03 M. the initial elution buffer (1) was 0.02 M sodium phosphate (pH 8.0 ). The 

buffer was applied in the flask on which rubber connection from its bottom was 

supplying column. Another connection above the surface of buffer (1) was connected to 

another flask with buffer (2). The buffer (2) had also connection to the open air. During 

the draining of buffer (1) to column buffer (2) was soaked into buffer (1) thereby 

producing a continuous raise in morality. Ultimately, 40 fractions each of Sml were 

collected and the optical density values were recorded at 280nm using UV-Vis 

spectrophotometer (DIGISPEC-200GL ). 

3.28. Immunological assays 

3.28.1 Preparation of agarose slides 

The glass slides (6cm x 6cm) were degreased using ethanol 90%v/v: diethyl ether 

(1; 1 v/v) and ether, then dried in hot air oven. After drying the plates were sterilized 

inside the petriplate each containing one plate. Conical flask with Tris-Barbiturate buffer 

(pH 8.6) is placed in boiling water bath. Agar/ agarose (0.9%) was boiled over water bath 

to dissolve the agar at 90 ° C for next 15 min. Then pinch of 0.1% (w/v) sodium azide 
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was added and mixed well. For the preparation of agarose gel, the molten agarose is 

poured ( 6 to 1 0 ml) on the grease free sterilized slide with the help of a sterile pipette in 

laminar air flow chamber and allow it to solidifY, after solidification cut 3-7 wells (6mm 

diameter) with sterilized cork borer distance of 1.5 to 2cm away from central well and 2.0 

to 2. 5 em from well to well. 

3.28.2. Diffusion 

Agar gel double diffusion tests were carried out using antigen and antiserum following 

the meyhod of(Ouchterlony,1976). Antigen plus undiluted Antisera appropriately diluted 

were poured into wells with sterile 60-8- micropipette (50f.ll/well-1
) antisera in middle. 

Slides were kept in moist chamber at 25C for 72h. Precipitations reaction was observed 

in the agar gel only in cases where common antigen was present. 

3.28.3. Washing, staining and drying of slides 

After immunodiffusion, the slides were initially washed with sterile distilled water and 

then with aqueous NaCl solution (0.9% NaCl and 1% NaN3) for 72 h with 6 hourly 

changes to remove unreacted antigens and antisera widely dispersed in the agarose gel. 

Then the slides were stained with Coomassie brilliant blue (R250, Sigma: 0.25g 

Coomassie blue, 45ml methanol, 45ml distilled water and 1Om! glacial acetic acid) for 10 

min at room temperature. After staining, the slides were washed in destaining solution 

(methanol: distilled water: acetic acid in 45:45:10 ratios) with changes until background 

become clear. Finally slides were washed with distilled water and dried in hot air oven 

for 3 h at 50 o C 

3.29. Determination of bacterial sustainability in soil 

The sustainability of bacteria in the rhizosphere soil was determined by immunological 

techniques. 

3.29.1. Enzyme linked Immunosorbent assay (ELISA) 

ELISA tests as out lined by (Chakraborty et al., 1995) were carried out using following 

buffers. 

1. Antigen coating buffer- Carbonate- Bicarbonate buffer) 0.05M pH 9.6 
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Stocks 

A. Sodium carbonate -5.2995g in I OOOml dist water. 

B. Sodium Bicarbonate- 4.2 in I 00 ml dist. Water. 

160m! of stock A was mixed with 360 ml ofstockB and pH was adjusted to 9.6. 

u. phosphate buffer saline: 0.15 MPBS pH- 7.2 

Stocks 

A. Sodium dihydrogen phosphate -23.40 gin !OOOml dist. Water 

B. Disodium hydrogen phosphate- 21.294g in !OOOOml dist water 

280 ml stocks A was mixed with 720ml of stock B and the pH was adjusted to 7.2 . then 

o.8% NaCI and 0.02% KCI was added to the solution. 

m. 0.15 M phosphate buffer saline -Tween (O.ISM PBS-Tween, pH 7.2) to 0.15 M 

PBS, 0.05% Tween was added. 

IV. Blocking reagent (Tris buffer saline, ph 8.0) 

0.05 MTris, 0.135MNaCI, 0.0027 MKCI, Tris- 0.657g, NaCI- 0.8lg KCI- 0.223g 

Distilled water was added to make up the volume to I OOml. then pH was adjusted to 8.0 

and 0.05% Tween 20 and 1% Bovine serum albumin (BSA) were added. 

v. Antisera dilution buffer (0.1 5M PBS- Tween, pH 7.2) 

In 0.15 M PBS - Tween, pH 7.2, 0.2% BSA. 0.02% Polyvinylphyrrolidone, 

10,000 (PVPP 10.000) and 0.03% sodium azide (NaN3) was added. 

VI. Substrate 

P- Nitrophenyl phosphate (Himedia) I mg/ml dissolved in substrate buffer (1.0% 

w/v, diethanolamine, 3mM NaN3, pH 9.8) 

vn. 3N NaOH solution was used to stop the reaction. 

3.29.2. Plate trapped antigen coated (PTA) ELISA 

Plate trapped antigen coated (PT A)-ELISA was performed following the method as 

described by (Chakraborty et al., 1995) with modifications. Antigen were diluted with 

coating buffer and the antigens were loaded (200!11 per well) in ELISA plate (Coaster 

EINRIA, strip plate, USA) arranged inl2 rows in a (Cassette) ELISA plate. After 
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loading, the plate was incubated at 25 °C for 4 h. then the plate was washed four times 

under running tap water and twice with PBS-Tween and each time shaken well to dry. 

Subsequently, 200 111 blocking reagent was added to each well for blocking the unbound 

sites and plate was incubated at 25 °C for 1 h. After incubation, the plate was washed as 

mentioned earlier. Purified polyspecific IgG was diluted in antisera dilution buffer and 

loaded (200. 1-11 per well) and incubated at 4°C overnight. After a further washing, 

antirabbit IgG goat antiserum labeled with alkaline phosphatase diluted 10000 times in 

PBS, was added to each well (I 00 1-11 per well) and incubated at 3 7 °C for 2 h. The plate 

was washed, dried and loaded with 200 1-11 of p-Nitrophenyl Phosphate substrate in each 

well and kept in dark for 1 h. color development was stopped by adding 50 11g per well of 

3 N NaOH solution and the absorbance was determined in an Multiscan Ex (Thermo 

Electron) ELISA Reader( Multiskan, ThermoLabsystems) at 405 nm. Absorbance values 

in wells not coated with antigens were considered as blanks. 

3.29.3. Dot blot 

Dot blot was performed following the method suggested by (Lange et al., 1989) with 

modifications, following buffers were used for dot blot. 

a. Carbonate -bicarbonate (0.05 M, pH 9.6) coating buffer. 

b. Tris buffer saline (IOmM Oh 7.4) with 0.9% NaCl and 0.5% Tween 20 for 

washing. 

c. Blocking solutions 10% (w/v) skim milk powder (casein hydrolysate, SLR) in 

TBST (0.05 M Tris-HCl, 0.5 MNaCl) 5% v/v Tween 20, pH 10.3. 

d. Alkaline phosphatase buffer ( 100 mMtris HCl, 100 mMNaCl, 5mMMgCh 

Assay 

Nitrocellulose membrane (Millipore, 7cm xlOcm, Lot No. H5SMO 5255, pore s1ze 

0.45iJm, Millipore corporation, Bedford) was first cut carefully into the required size and 

fix between the template with filter paper at the bottom. Load 41!1 antigen coating buffer 

0.5M carbonate- bicarbonate buffer pH 9.6 in each well. Allow to dry for 30 min at room 

temperature. Load 51!1 (antigen) test sample on to NCM and allow it to dry for 30 minute 

at room temperature. Template was removed and blocking ofNCM was done with 19% 

non fat dry milk (casein hydrolysate, SRL) prepared in TBST for 30-60 minutes on a 
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shaker, respective polyclonal antibody (IgG 1:500) prepared against that antigen was 

added directly in the blocking solution and further incubated at 4 °C for overnight. The 

membrane was then washed gently in running tap water for three minutes, thrice followed 

by washing in TBST (pH 7.4), (Wakemen and White, 1996). The membrane was then 

incubated in alkaline phosphatase conjugated goat antirabbit lgG (diluted 1:10,000 in 

alkaline phosphatase) for 2h at 37 °C. The membrane was washed as before. 10 ml of 

NBT/BCIP substrate (Genei) was added next and color development was stopped by 

washing the NCM with distilled water and color development was categorized with the 

intensity of dots. 

3.30. Determination of pathogen in soil by immunological method. 

For detecting the presence of pathogen in the soil, the protein samples from pathogen 

inoculated soil, pathogen, B. pumilus and combined inoculated soil as well as 

uninoculated soil was extracted. For extraction of proteins, 5 g of soil was taken in 10 ml 

of protein extraction buffer (0.05 m sodium phosphate buffer pH 7.2). The soil was 

stirred for 24 h followed by crushing and centrifugation as previously mentioned, the 

proteins samples collected from different soil samples were used for immunological 

detection as mentioned above. 

3.30.1. ELISA 

The protein extracted from pathogen inoculated soil samples were analysed by ELISA 

technique as mentioned before. 

3.30.2. Dot- blot 

The determination of presence of pathogen in soil inoculated with pathogen as well as 

B. pumilus inoculated soil was done by Dot- blot technique using antigen prepared from 

the soil as mentioned above. 

3.30.3. Colony-blot 

The soil suspension was prepared by using plant growth promoting rhizobacterium 

(Bacillus pumilus) inoculated rhizosphere soil and plated on NA medium in sterile 

petriplates. The plates were allowed to grow for 24h. After 24 h the colony was 

transferred to Nitrocellulose membrane (NCM) and allowed it to dry for 30 minute at 

room temperature. Template was removed and blocking ofNCM was done with 19% non 
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fat dry milk (casein hydrolysate, SRL) prepared in TBST for 30-60 minutes on a shaker, r 

polyclonal antibody of B. pumilus (IgG 1 :500) was added directly in the blocking 

solution and further incubated at 4 °C for overnight. The membrane was then washed 

gently in running tap water for three minutes, thrice followed by washing in TBST (pH 

7.4), (Wakemen and White, 1996). The membrane was then incubated in alkaline 

phosphatase conjugated goat antirabbit IgG (diluted 1:10,000 in alkaline phosphatase ) 

for 2h at 37 °C. The membrane was washed as before and 10 ml ofNBT/BCIP substrate 

(Genei) was added. Color development was stopped by washing the NCM with distilled 

water and color development was categorized with the intensity of dots showing presence 

of bacteria in the soil 

3.31. Fluorescence antibody staining and microscopy 

Indirect fluorescence staining of fungal mycelia, cross- section of tea roots and soil 

samples were done using FITC labeled goat antirabbit IgG following the method of 

(Chakraborty and Saha, 1994) 

3.31.1. Fungal mycelia 

Fungal mycelia were grown in liquid Richards's medium as described earlier. After four 

days of inoculation young mycelia were taken out from flask and taken in Eppendorftube 

and was washed with PBS (pH 7.2) by centrifugation at slow speed. Then mycelia was 

treated with normal sera or antisera diluted (1:50) in PBS and incubasted for 1 hour at 

RT. The mycelia washed thrice with PBS- Tween pH 7.2 as mentioned above and treated 

with Goat antirabbit IgG conjugated with fluorescein isothiocyanate (Sigma chemicals) 

diluted 1:40 with PBS (pH 7.2) and incubated in dark for 45 minute at room temperature. 

After incubation mycelia was washed thrice in PBS and mounted in 10% glycerol. A 

cover slip was placed and sealed. The slides were observed and photograph under both 

phase contrast and UV fluorescence condition using Leica Leitz Biomed microscopy with 

fluorescence optics equipped in (UV) filter set 1-3. 

3.31.2. Cross section of tea 

Initially, cross section of healthy and infected tea roots were cut and immersed in PBS,· 

ph7 .2. These section were treated with normal serum or antiserum diluted (1 :50) in PBS 

and incubated for 1 hour at RT. After incubation, section were washed thrice with PBS-
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Tween pH7.2 for 15 minute and transferred to 40).11 of diluted (1 :40) goat antirabbit lgG 

conjugated with fluorescence (FITC).The sections were incubated for 30 minutes in dark. 

After that sections were washed thrice with PBS- Tween as mentioned above and then 

mounted on a grease free slide with 1 O%glycerol.Fluroescence of the root section were 

observed using Leica Leitz Biomed Microscope with fluorescence optics equipped with 

UV- filter set 1-3 and photograph was taken. 

3.31.3. Immunocytochemical staining 

Immunocytochemically staining of cross- section of root tissues was done using substrate 

stain solution following the method of (Young and Andrews, 1990) 

3.31.4. Substrate stain solution 

A stock substrate solution consisted of 0.15g of naphthol-AS-phosphate (Sigma) 

dissolved in 2.5ml ofN-N dimethyl forrnamide (Sigma) and added to 17.0g og Tris base 

(Sigma), pH 9.1, in SOOml of distilled water. The staining solution, prepared immediately 

before use, consisted of 1 mg of Fast blue (Himedia) and 5 ).11 of 0.1 M Mgch added per ml 

of stock selection and filtered through Whatman No.I filter paper. 

Cross --section of infected tea roots were cut and incubated with PBS containing 1% BSA 

for 20 min at room temperature to prevent nonspecific binding of antibodies to root tissue 

and then stained on grooved slides or watch glasses immunocytochemically. The section 

were then treated with antiserium diluted 1:100 in PBS with 1% BSA (PBS-BSA) at 37°C 

for 2h on a rotary shaker and washed with three changes (5 min each) of PBS with 0.1% 

Tween -20. Following this sections were incubated in a 1: 10.000 dilution of Goat 

antirabbit lgG alkaline phosphatase conjugate (Sigma) in PBS-BSA for 2h at 37 •c on a 

rotary shaker and washed again as described above. Staining was carried out in the dark 

at room temperature in staining solution which was filtered through Whatman No.I filter 

paper immediately before being applied to the slides and was incubated with the sections 

for no longer then 40 min before slides were rinsed in PBS. Sections were then mounted 

in glycerol jelly and observed under bright field of the microscope (Leica Leitz Biomed ) 

and photograph were taken in bright field. 



ExperiiDental 
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4.1. Charcoal stump rot disease 

The fungus, Ustulina zonata[Iev.] Sacc. Ustulina deusta (Fr.) Petrak. cause charcoal 

stump rot of tea and other trees in forest areas in tropics. The fungus was originally 

named Sphaeria zonata Leville. Agnihothrudu mentioned that it was different from 

Sphaeria deusta Hoffmann in its reddish brown colour and the presence of zonation. The 

imperfect form has not been referred to and Saccardo transferred the fungus to Ustulina .. 

This disease occurs on all soils and is probably the most common of root di~eases of tea 

It is one of the primary root disease of tea through out north east Indian tea plantation. 

Younger bushes which are attacked die suddenly and there are instances when the older 

bushes are only partially dead with the withered leaves remaining attached to the bush. In 

Malaya the disease caused by this fungus is found on old rubber areas in every part of the 

peninsula. It has been recorded attacking Hevea in java, Fiji and Ceylon. In the latter 

country, it has been known for many years as the commonest root disease on tea 

As the charcoal stump is primary root disease the fungus (U. zonata) remain in 

the root system for several years and appear normal up till the time of death, which takes 

place suddenly. The foliage wilts and dies but the withered leaves remain attached to the 

branches for some time before they drop off. Gradually the disease extends along the 

roots killing the host tissues until it reaches the collar, the water conducting cell which 

make up the wood become gradually blocked by the mycelium or threads of the fungus 

which weave in and out of the tissues. Eventually the fungus completely blocked the 

water conducting tissues at or near the collar, so that passage of water from the roots to 

the leaves is stopped and the bush suddenly dies. The process may take about 1-4 yrs, 

according to age and size of the bush. 

The disease shown up prominently on young trees, though occasional attacks on 

trees not more then two to three years of age have been recorded in Temi Tea Estate. On 

one side of the stem a hollow at the base may be formed due to the rotting tissue 

disintegrating under the influence of the weather and falling away. When a cut was made 

below the surface at such a point, it was found that the rotting tissue has spread to a 

distance of three to four feet above ground level. When an attacked root system was 
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examined, it was found that the taproot and some of the larger laterals were involved, 

and as a result water conduction was stopped along these roots. 

In some cases, conspicuous black lines have been noticed on the outer surface of 

the wood and they form thin black plates running through the internal tissues of the 

woody stem, their edges showing as black lines on the exterior (Plate 5, fig.D). 

A longitudinal section taken through the collar of a diseased tree shows these 

black lines running irregularly in the rotting tissues, often forming circles surrounding 

dark colored patches of diseased wood. The black lines are composed of aggregated 

fungus tissue, formed by the massing of hyaline hyphae; this massing always commences 

in the medullary rays cells. Tracts of connecting cells between the rays later become 

filled with similar tissue and a continuous line is formed. What appears to be 

carbonaceous material is deposited in the infested cells after the aggregation therein of 

the fungus hyphae, and as time passes it is difficult to detect the exact origin of the lines. 

The cells bordering the black lines are crowded with hyaline hyphae. Such aggregations 

of fungal hyphae might be considered rhiozomorphs, but as they are strictly confined to 

the diseased tissues they have not the power of growing freely along the exterior of the 

root and so cannot effectively function as organ for vegetative spread in area. But they 

retain their vitality for considerable periods and if portions of diseased wood, containing 

black lines, become scattered about in the soil, there is a definite chance that roots of 

healthy trees, which come into contact with such infective material, will contract the 

disease. Young specimens showed a well defined zoning on the surface. When these 

plates were closely examined their was an opening into a small globose cavities, the 

perithecia, from which the black ascospores are ejected. The asci numerous with 

paraphyses, the mature ascospore measures 28-32f1x7-l0f1. 

4.1.1. Disease incidence in Sikkim hills 

Temi Tea Estate is turning in fully organic, manuring is usually done with organic 

fertilizers like Cattle manure, Sterilized animal meal etc. are being used at the time of 

planting. Shading is not necessary because of its high altitude and Pruning is usually done 

during the winter season between December to February. Charcoal stump rot disease 

caused by Ustulina zonata has been located in various plantation sectors in the said 



Plate S(A-G): Healthy tea plants grown in pot (A). infected tea plants. 
60 days after inoculation with U.=onata (B), tea plants showing 
symptoms of charcoal stump rot disease (C). Radial growth of 
U.=onala (D) . U. =onata grown in PDA slants (E), sand maize meal 
medium in conical flask (F) and polythene bags (G) 
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garden during the survey period. The disease was identified in the garden following six 

standard keys. 

1. external appearance ofbushes in the field. 

u. indication on the collar region. 

m. external appearance of the surface of the roots when the bush is dug out. 

1v. indicators when the bark is peeled away from the roots. 

v. identifications when cut is made into the root with knife. 

v1. leaf diseases. 

Whole bushes die suddenly, leaves green to reddish in color, withered leaves remain 

attached or part of bush dies suddenly, mature bush with part dead and remainder 

apparently normal and healthy. Dead part completely rotten; collar with encrustation, 

encrustation initially white, then turned greenish-grey, finally black. Surface undulated, 

brittle, charcoal like when broken. Roots without cords or strands of mycelium on the 

surface, roots with cushions of lumps, white or black, thin white film of mycelium on 

wood surface, wood with dark bands or reticnlation with dark black bands only wood 

normal. All above given symptoms confirms that plants is infected with primary root 

disease of tea i.e charcoal stump rot caused by Ustulina zonata. When a disease is in the 

early stage, all the symptoms described in the keys may not be noticeable. Naturally 

infected tea roots showing symptoms of charcoal stump rot (Plate 5, fig.D) in Terni Tea 

Estate, Sikkim was uprooted and brought to Immuno-Phytopathology Laboratory. The 

pathogen ( U. zonata ) was isolated ( Plate 5, fig. C & E) from the naturally infected tea 

roots and after completion of Koch's postulate the pathogen was used for present 

investigation. 

4.1.2. Varietal resistance test against Ustulina zonata 

Varietal resistance test of tea against U. zonata was carried out with five tea varieties 

( TeenAli-17, TV-18, TV-23, TV-25, TV-26). Three year old plant roots were inoculated 

with U. zonata and disease assessment was done on the basis of visual observation of 

symptoms and disease index ( ranging from 1-6) was calcnlated after 20,40 and 60 days 

following inoculation. Results have been presented in Table-!. Among the tested tea 

varieties TV-25 and TV-18 were found to be highly susceptible in comparison with other 

three tea varieties ( T-17, TV-23 and TV-26). 
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Defoliation of leaves following infection with U. zonata was evident in TV -25 after 60 

days of inoculation (Plate 5, fig.B) in relation to healthy control plant (Plate 5, fig A). 

Table 1: Varietal resistance test of tea varieties against U. zonata 

Tea varieties Disease index 
20 days 40 days 60 days 

T-17 1.1 1.9 2.0 
TV-18 1.0 2.0 3.7 
TV-23 0.5 2.0 2.8 
TV-25 1.9 3.5 4.8 
TV-26 0.5 2.0 2.9 
Average of 50 separate moculated plants of each vanety 

4.2 Cultural characteristics of the pathogen (U. zonata) 

Mycelial growth of U. zonata, in vitro showed variation depending on different factors 

like medium, pH, temperature and available carbon and nitrogen sources. The young 

mycelia of U. zonata were white or hyaline initially, which tnrned into grayish black in 

clour, gradually become brittle crust. The mycelial growth was generally superficial with 

fan shaped dull silky white mycelia or small black or white cushion like growth was 

found depending on the medium. Growth is equal from all sides; reach to its optimum 

during rainy season (July-August). Optimal growth condition was determined by growing 

the U. zonata in different growth conditions by keeping the culture in different 

temperature, pH, incubation period and various carbon and nitrogen sources (Figure 

lA&B; Tables 2, 3, 4, 5 and 6). 

4.2.1 Media 

U. zonata was grown in eight different media i.e. Potato dextrose agar (PDA), Potato 

sucrose agar (PSA), Richard's Agar (RA), Carrot jnice agar (CJA) Czapek-Dox agar 

(CDA), Flentze's soil agar (FSEA), Malt extract peptone dextrose agar (MPDA), Yeast 

extract- dextrose agar (YDA). Results revealed that the maximum growth was recorded 

in PDA followed by PSA and RA but minimum growth was recorded in CDA. The 

fungus shows submerged, translucent mycelia to surfaced thick white growth which gets 

shriveled and tnrn dark, with black grey sporulation in oval patches (Table 2). 



Table 2: Effect of different media on mycelial growth of U. zonata 

Medium 

Czapek dox agar 
Malt extract agar 
Nutrient agar 

PDA 
Richard's medium 

4day 

2.5±0.5 

1.4±0.5 
2.6±0.5 
3.1± 0.5 

Diameter of mycelium (mm) 
7day lOday 13day 

4.1±0.6 7.4± 1.0 9.5±1.5 

2.0±0.5 4.1± 0.7 8.0±1.0 
4.1±0.6 8.3±1.0 14.4 ±2.1 
5.2±0.7 9.5±1.0 15.7±2.5 

** Incubation temperature 25±1 oc, average of three replicates. 

4.2.2. Temperature 
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U. zonata was grown in different temperature range. And the result revealed that it grew 

best at 25 oc -28°C. 

4.2.3. Incubation period 

U. zonata was grown in PDA medium for a period of 30 days, mycelial growth was 

recorded after 5,10,15,20,25,30,35 and 40 days of growth and incubated at 25± 1 °C. 

Maximum growth was recorded after 20 days of incubation after which it declined. After 

5 days of incubation the growth was negligible (Table 3). 

Table 3: Effects of incubation period on mycelial growth of U. zonata 

Incubation period (Day) 

5 
10 
15 
20 
25 
30 
35 
40 

Mean mycelial dry weight (mg) • 

07.60±0.42 
19.5± 0.80 
37.3 ± 0.25 
69.6± 0.40 
77.10± 0.50 
74.8 ±0.51 
66.2±0.40 
67.2±0.37 

a= Average of three replicates,±- standard error, temp.25 ±1 °C, pH of medium is 5.0 
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4.2.4 pH 

pH of the medium plays an important role in the growth of microorganism. In order to 

determine the effect of pH, buffer system have to be used to stabilize the pH, initially 

buffer solution with pH values ranging from 3.0 to 8.0 (3.0, 3.5,4.0, 4.5, 5.0,5.5, 6.0, 6.5, 

7.0 and 8.0) were prepared by mixing KHzP04 and K2HP04 each at a concentration of 

0.03M. The pH finally adjusted using N/10 HCl or N/10 NaOH in each case. Potato 

dextrose medium and phosphate buffer was sterilized separately by autoclaving for 

15min at 15 lb p.s.i pressure and equal parts of the buffer solution and medium were 

mixes before use in Laminar Flow Bench. After mixing flasks were inoculated and 

incubated for 20 days after which dry wt. was taken as described previously. Results 

revealed that U. zonata grew to a lesser or greater extent over a wide range of pH (3.0-

8.0), maximum growth was observed at pH 5.5 and then growth gradually declined. 

( Table4). 

Table 4: Effects of different pH on mycelial growth of U. zonata 

pH of medium 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
8.0 

Mean mycelial dry weight (mg)a 

22.50± 0.55 
28.80±0.48 
28. 34 ± 1.20 
40.12±0.24 
38.62±2.14 
53.32±2.52 
32.4 ± 2.41 
28.10 ±2.30 
22.21 ± 1.47 

A= average of three replicates, temperature= 25±1°C, incubation time 25 days. 

4.2.5 Carbon source 

Like the pH of the surrounding medium the growth of fungus is greatly influenced by 

available nutrients. The ability of fungi to grow in different media depends on their 

capacity to utilize by the available nutrients, of which carbohydrates are the major ones. 

All carbohydrates are not utilized by the fungus in the same rate and so the growth rate 
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varies with different carbon sources. In the present investigations, eight different carbon 

sources (dextrose, fructose, lactose, mannitol, maltose, sorbose, starch and sucrose) were 

tested for their effect on the growth of U. zonata. These were added separately to the 

basal medium. PDA medium without sugar was used as the basal medium which served 

as control set. Data were recorded after 20 days of incubation. Results (Table 5, Figure 

2A) revealed maximum growth using lactose as the carbon source while no growth was 

observed in sorbose which was similar to control set. Fructose and sucrose also supported 

comparatively good growth. 

4.2.6. Nitrogen source 

The availability of nitrogen for growth of the organism depends on the form in which it is 

supplied. Hence the most suitable medium for any particular microorganism can only be 

determined by testing a number of sources including both organic and inorganic. The 

effect of inorganic nitrogen sources (ammonium nitrate, ammonium sulphate, calcium 

nitrate, potassium nitrate and sodium nitrate) as well as complex organic sources (casein 

hydrolysate, beef extract, peptone, urea and yeast extract) on the mycelial growth of 

U.zonata was tested. A basal medium without any nitrogen source was considered as 

control. Results (Table 6, Figure 2B) revealed maximum growth in beef extract followed 

by yeast extract and then in peptone. Among the inorganic sources calcium nitrate 

supported maximum growth. Other inorganic sources supported lower growth than 

organic sources, though no growth was observed in urea and insignificant growth was 

noted in basal medium without nitrogen. 

Table 5: Effect of different carbon sources on mycelial growth of U. zonata 

Carbon Sources 

Fructose 
Sorbose 
Dextrose 
Mannitol 
Sucrose 
Starch 
Maltose 
Lactose 
Control 

Mean mycelial dry wt (mg)* 

152.66±2.745 
02.50± 0.056 
65.40± 0.289 
50.20± 1.233 
49.80±1.326 
46.13± 1.322 
39.21± 0.945 
158.23± 1.234 
02.70± 0.175 

*Average ofthree replicates,±- standard error; temperature 25±1 "C: incubation period 20 days. 
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Table 6: Effects of different nitrogen sources on mycelial growth of U. zonata 

Nitrogen Sources 

Inorganic 

Potassium nitrate 

Sodium nitrate 

Ammonium sulphate 

Ammonium nitrate 

Calcium nitrate 

Organic 

Urea 

Peptone 
Casein hydrolysate 

Yeast extracts 

Beef extract 
Control (without nitrogen) 

Mean dry wt of fungal mass (mg) * 

30.3±2.97 

31.3±1.72 

32.1± 0.26 

45.9± 1.50 

119±4.25 

205.8±2.63 

189.7± 1.57 
219.6± 5.19 

285.5± 5.19 
3.4±0.36 

Average of three replicates, ± standard error, 
Temperature 25± 1 oc; incubation period 25 days 

4.3. Analyses of soil samples of Terni Tea Estate 
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The soil samples were collected from six different locations from each block ofTerni Tea 

Estate and these were coded with TTSI , TTS2, TTS3, TTS4, TTS5 and TTS6 and were 

given for analysis in Soil Testing laboratory, Institute of Plantation Science and 

Management, North Bengal University soil before the isolation of microorganisms. Moisture 

content, pH for soil type, soil texture, carbon and nitrogen ratio, K and P available etc 

were determined for all six soil samples. Results have been presented in Table 7. 
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Table 7: Analyses of soil samples ofTemi Tea Estate, Sikkim 

Sample Moisture pH Organic nitrogen Soil Soil texture Available 
code % carbon type 

%of %of %of KzO PzOs 
silt clav sand (ppm) (Pnm 

TIS! 16.37 4.38 1.05 0.11 Clay 10.00 51.00 39.00 120.96 38.09 

TIS2 19.37 4.11 1.15 0.12 Sandy 5.00 45.00 50.00 154.57 40.26 
Clay 

TIS3 14.58 3.90 1.10 0.11 Sandy 2.00 43.00 55.00 88.70 31.56 
Clay 

TIS4 26.35 4.43 1.27 0,13 Sandy 4.00 40.00 50.00 123.65 26.12 
Clay 

TIS5 18.67 4.69 1.35 0.14 Sand) 10.00 34.00 56.00 177.41 50.06 
Clay 

TIS6 20.25 4.76 1.09 0.11 Sand) 13.00 42.00 52.00 168.00 54.41 
Clay 

4.4. Isolation of microorganisms from tea rhizosphere and their identification 

4.4.1. Isolation of microrganisms 

The soil samples collected from the rhizosphere of the healthy tea plants of different age 

growing in different sites of the Temi Tea Garden, South Sikkim were brought to the 

laboratory and the microorganisms were isolated as described under materials and 

methods. The numbers of bacterial and fungal colonies were counted in the plates and the 

microbial population determined in soils from different rhizosphere. Microbial population 

determined in soils, ranged between 5xl05
- 15x 105cfu in case of fungi and 10xl06cfu-

30xl06cfu in case of bacteria. Results show that the maximum population was observed 

in the rhizosphere of 35 year old bushes and minimum in 10 year old bushes is 

summarized in Table (8 & 9). Individual fungal and bacterial isolates were transferred in 

PDA and NA slants ( Plate 6, figs A-C). The maximum microbial population was 

obtained in the hot humid months, which decreased during winter. 
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Table 8: Fungal population and nwnber of isolates from tea rhizosphere 

Soil samples Age/years Microbial population No. of 
( cfu g-1soil) isolates fungal isolates 

Block 1 10 5 X 105 4 
Block2 20 5 X 105 4 
Bolck3 30 10 X lOS 5 

Block4 35 15 X 105 5 

Table 9: Bacterial population and nwnber of isolates from tea rhizosphere 

Soil sample Age/year Microbial population No. of bacterial isolates 
(Cfug-1 soil) 

Block 1 10 JO X 106 4 
Block2 30 12x 106 4 
Bolck3 20 16 X 106 5 

Block4 35 30 X 106 6 

4.4.2. Identification of fungal isolates 

The isolated fungi were allowed to grow in Petri dishes containing sterile PDA medium 

for 7-15 days. Nature of mycelial growth, rate of growth and time of sporulation were 

observed. For identification, spore suspensions were prepared from individual culture. 

Drops of spore suspension were placed on clean grease free glass- slides, mounted with 

!acto phenol cotton blue, covered with cover slip and sealed. The slides were then 

observed under the microscope following which spore characteristics were determined 

and size of spore measured. On the basis of their morphological characters it was found 

that most of the fungal isolates belonged to the genera Fusarium, Aspergillus, 

Curvularia, Penicillium, Alternaria, Colletotrichum and Macrophomina (Table l 0). 



Plate 6(A-C): Microorganisms isolated from tea rhizospherc of Temi Tea 
Garden. Fungal isolates (A& B) and bacterial isolates (C) 
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Table 10: Characterization and Identification of fungal isolates of tea rhizosphere. 

Isolates code Mycelial characte Conidiophores 

Ttfl 

Ttf2 

Ttf3 

Ttf4, Ttfl9, 
Ttf20 

TtfS 

Ttf6 

Ttt7 

Ttf8 

slow growing 

Blue green color 

Yellow green to 
greenish brown. 

Typically black, 
Powdery. 

brown 

large globose vesicles, 
bearing inflated, club 
metulae and narrow 
phialides 

1.5- 3.0nnn tall, arising 
From specialized wide

ned hypha! cells which 
becomes the branch
ing foot cells. 

Hyaline, 0.4- 1.0 nnn 
Long, rough- walled, 
present. 

Arising from long, broru 
Foot cells, 1.5-3.0nnn 
Tall 

Simple, straight, 
1-3 septate, 5f1m long, 3 
6 f!m wide, golden brow 
obclavate. 

simple, become genicul 
sympodial elongation, 

Metulae present. 

Pigmented conidiophore 
With clavate vesicles ar 

From clearly differentia 
thick walled foot cells. 

conidia 

Globose to 
Ellipsoidal smoo
Th, walled 2.5 3.5 
mm india., uninuc 
leate. 

Smooth-walled, 
3.0-4.5x2.5-3.5f!M 
and Uninuclate. 

Globose to sub-globose, 
roughed to echi
Nucleate, 3.5-4.5 
f!m in dia. 1-4 
nucleate. 

Mostly globose, 
Irregularly rough
ened . 4.0-5.0 fliD 
dia., uninucleate 

name of organisms 

Aspergillus 
candidum 

Apergillus clava
tum. 

Aspergillus jlavus. 

Aspergillus niger 

pigmented conidia fo Alternaria a/ternata 
long branching c 
Chains, ovoid, obyri-
Form with a short ap-
Ical beak, smooth wall 
3-8 septa, base 
Broadly round, each 
Portion of lower part 
With l-2longitudinal 
Septa, 18-65x 7-118 
f!m 

conidia have borne 
singly, muriform, beak 

5-l 0 transverse 
septa, and 120-295 
xl2=20 f!m 

globose to subglobose 

strictly columnar 
conidial heads, con
idia globose to sub
globose, echinulate, 
2.5-3.0 f!m. 

Alternaria so/ani 

Aspergillus 
nidulae 

Aspergillus 
fumigatus 
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Ttf9 Black Conidiophore erect, pigi Conidia olive brown Curvu/aria lunata 
nted, geniculated from s Curved ellipsoidal, 
mpodial elongations, 3- 3- septate,rounded 
septate. at the apex 

slightly acuminate 
at the base, the mid-
die septum below 
the centre and the 
third cell strongly 
curved, 20-30x 9-15 
I'm. 

Ttf!O Pigmented ,erect conidi conidia predominantly Curvularia 
bore. 4-septate, the central eel geniculatum 

Distinctly geniculated, t 
ering gradually towards 
each end, 18-37x8-14 
Jlm. 

Ttfll &~~alii Simple, lateral microconidia never in Fusarium 
phialides short, chain, mostly non-sepa- oxysporum 
sparsely branched. tate. Ellipsoidal to cylin 

-drical, 5-12x2.3-3.3 Jlil1 
Macroconidia 
fusiform, hyaline, poin-
ted at both ends basal 
cells pedicellate, 27 -46x 
3.0-4 Jlm 

Ttfl2 Fast growing, Short ,branched 
green to bluish conidiophores 8-16x 2- Microconidia abundant Fusarium so/ani 
brown. 4 Jlm. , chlamydospores home 

Singly, sometimes in 
pairs, in terminal. Latera 
,hyaline, smooth walle-
d 6-10 Jlm 

Ttfl3 Greenish blue Conidiophores conidia form deep crusts Penicillum 
typically two stage which appear silky, oxalicum 
branched, phialides strongly ellipsoidal, 
cylindrical, tip smooth walled,4.5-6.5 
distinctly tapering. Jlm 

Ttfl4 Conidiophores are Macrophomina 
hyaline, short phaseolina 
obpyriform to 
cylindrical producing 
aseptate, hyaline, ovaL 
enteroblastic conidia 

Ttfl5 Freely branched Sporangiophores pale sporangium, biconical Rhizopus 
Filaments,cottony to dark brown, to oval, ridged, stolonifer 
white mycelium Ia straight, mostly 1.5mm mostly 4 nucleate 
on become black tall, 20-25 11m wide, 7-12x6-8.5 flm. 

each sporangiophores 
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bear globose to 
subglobose 
mult ispored 
columellate 
sporangium. 

Ttf16 Conidiophores are Conidia hyaline, unicel- Colletotrichum sp. 
hyaline to brown, Lular, falcate or lur 
septate, branched at cylindrical, more or less 
the base, smooth, Guttu;ate, muticate or ' 
fo rmed from the upper apex prolonged into a 
cells of the cellular appendage, p 
fruti fication. from phial ides. 

Ttf1 7 Light yellow Smooth - walled, Globose, echinucleate Aspergillus 
500-700 ,2-3 !Jm in diameter: versicolor 
~Jm long, vesicles uninuclate 
e longate with metulae 
and phialides 

Ttf1 8 Velvety, orange- globose to s lightly Aspergillus 
brown I 00-250 ~Jm long, ellipsoidal, 1.8-1.4 terre us 

smooth-wall ed, ~Jm in diameter: 
hyaline, metulae uni nuclate 
present 

4.5. Rhizosphere microorganisms of tea and their m vitro interaction with root 

pathogens 

All the isolated fungus and bacteria were grown in solid and liquid media were tested for 

their antagonistic activity against certain root pathogens - Ustulina zonata, Fames 

Lamaoensis, Sclerotium ro/fsii, by dual paring tests. Their interactions were categori zed 

into four type-A: Homogenous; free intenningling between pairing microorganisms, B: 

Overgrowth; pathogen overgrown by the test organisms, C: Inhibition; a clear zone of 

inhibition and D: Cessation of growth at time of contact. Di fferent types of reactions 

developed in the pairing experiments are enli sted in Table II & 12. 
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Table 11: Effects of interactions between the fungal isolates and tea root pathogens 

Source of soil 

Block-! 

Block-2 

Block-3 

Block-4 

Block-5 

Type of reactions in test against 
Total no. isolate! Isolate No.-~--------"-----

04 

05 

03 

04 

04 

Ttfl 
Ttf2 
Ttf3 
Ttf4 

Ttf5 
Ttf6 
Ttf7 
Tt£8 
Ttf9 

Ttf!O 
Ttfll 
Ttfl2 

Ttfl3 
Ttfl4 
Ttfl5 
Ttb16 

Ttf17 
Ttfl8 
Ttfl9 
Ttf20 

S. rolfsii F.lamaoensis U. zonata 

B 
B 

c 
c 

B 
B 
B 
B 
B 

B 

B 
B 

B 
B 
c 
c 

c 
c 
B 
B 

c 
B 
B 
c 

B 
c 
B 
c 
B 

c 
B 
c 

B 

B 
B 
B 

c 
c 
B 
B 

B 
B 

c 

B 
B 
c 
c 
B 

B 
B 
B 

B 
B 
c 
B 

B 
B 
c 
B 

A: Homogenous, B: Overgrowth, C: Inhibition, D: Cessation. 
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Table 12: Effects of interactions between the bacterial isolates and tea root pathogens 

Source of soil Total no. isolate! Isolate No. 
Type of reactions in test against 

S. rolftii F.lamaoensis U. zonata 
Ttbl B B B 

Block-! 04 
Ttb2 B B B 
Ttb3 B B B 
Ttb4 c c B 

Ttb5 B B B 
Ttb6 B c B 

Block-2 05 Ttb7 B B B 
Ttb8 B B B 
Ttb9 c c 
TtblO B c c 

Block-3 03 Ttbll B B B 
Tta12 c B B 

Ttb13 B 
B B 

Block-4 04 Ttb14 c c c 
Ttb15 c B B 

Ttbl6 B 
c B 

Ttb17 B c B 

Block-S 04 
Ttb18 B c c 
Ttbl9 B B B 
Ttb20 c B c 

A: Homogenous, B: Overgrowth,C: Inhibition, D: Cessation. 

Among all tested microorganism, it was observed that five of the isolates viz. Ttf4 

, Ttf8, Ttfl7, Ttb9,Ttbl0, Ttb14 and Ttb20 showed antagonistic activity against the soil 

borne pathogens. The fungal isolate Ttf4 Showed highest inhibitory effect on against all 

the tested pathogens (Table II). The antagonistic test was also done in liquid culture. In 

case of bacterial isolates, Ttbl4 showed maximum inhibitory effect on all the test 

pathogen (Table 12). Among these fungal and bacterial antagonists only one fungal 

(Ttf4) and bacterial isolate (Ttb14) were selected for further investigation. Based on the 

morphological as well as antagonistic study the fungal isolate Ttf 4 was identified as 

Aspergillus niger. 

Among bacterial isolates Ttb 14 which showed maximum inhibitory effect against 

the tested tea root pathogens (U. zonata, F. lamaoensis and S. rolftii ) was further studied 
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under microscope after suitable staining and characterized based on morphological and 

biochemical studies following Bergeys manual of systematic Bacteriology as mentioned 

in Table 13 as well as scanning electron microscopic observations ( Plate 7, fig.C) 

identified it as Bacillus pumilus which was also confirmed by CABI- Bioscience, UK. 

Table 13: Morphological and biochemical test of isolate Ttbl4 

Characterization/morphological 

Colony Shape 
Cell shape 
Size (J.lm) 
Capsule/slime layer 
Motility 
Gram reaction 
Endospore 
Margin 
Surface 
Pigmentation 
Density 

Biochemical 
V.P reaction 
Catalase production 
Oxidase production 
Urea digestion 
Esculine hydrolysis 
Casein hydrolysis 
Starch hydrolysis 
Indole test 
Nitrate reduction 
Phenol red Tartarate 
Citrate utilization 

+positive reaction, -negative reaction 

Isolate Ttb14 

circular 
Rod 
2-3x0. 7-0.8 

+ 
+ 
+ 
+ 
wavy 
white 
opaque 

+ 
+ 

+ 

+ 

+ 

4.6. Screening of phosphorus solubilizing fungi and bacteria from tea rhizosphere 

Phosphorus solubilizers produce clearing zones around the microbial colonies in media. 

Insoluble mineral phosphates such as tricalcium phosphate or hydroxyapatite are 

contained in the media. The principal mechanism for mineral phosphate solubilization is 



Plate 7(A-C): Phosphate solubilizing bacterium; Bacillus pumilus. Streaking NA 
media (A); Microscopic view after gram staining (8); Scanning electron microscopic 
view (C) 
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the production of organic acids, and acid phosphatases play a maJor role in the 

mineralization of organic phosphorus in soil. It is generally accepted that the major 

mechanism of mineral phosphate solubilization is the action of organic acids synthesized 

by soil microorganisms. Production of organic acids results in acidification of the 

microbial cell and its surroundings. The fungal and bacterial isolates were screened for 

phosphate solubilizing activity in PVK medium. Formation of halo zones around the 

colony indicated positive results (Plate 8,figs A-G) . Among fungal isolates 5 and among 

bacterial isolates 4 showed phosphate solubilizing activity. 

4.6.1. Phosphorus solubilization efficiency on PVK plates 

Preliminary screening for phosphate solubilization was done by a plate assay method 

using Pikovskaya (PVK) agar medium supplemented with tricalcium phosphate (TCP). 

The pH of the media was adjusted to 7.0 before autoclaving. Sterilized PVK media was 

poured into sterilized Petri plates after solidification of the media, a pinpoint inoculation 

of fungal and bacterial isolates was made onto the plates under aseptic conditions. They 

were incubated at 28±2°C for 7 days with continuous observation for colony diameter. 

The halo zone formations around the growing colony showing phosphate solubilization. 

Solubilization index was evaluated according to the ratio of the total diameter (colony + 

halo zone) and the colony diameter. 

Phosphate solubilizing activities of both fungal isolates and bacterial isolates as 

evident in PVK medium have been presented in Plate 8(figs A-G). In case of Aspergillus 

niger (Ttf4) reached to maximum on the day fourth then remain constant at the end of 

the week whereas Aspergillus nidulae (Ttf7) solubilization started within 24 h and 

reached maximum value on day three and remain constant throughout the week. Among 

the isolates maximum phosphate solubilizing activity was shown by isolates Aspergillus 

niger (Ttf 4) and Aspergillus versicolor (Ttf 17) and the zone of inhibition formed by 

both fungal isolates and bacterial isolates have been presented in Tables 14 and 15. 

4.6.2. Evaluation of phosphorus solubilization by fungal isolates in PVK broth 

amended with tricalcium phosphate (TCP) and rock phosphate (RP) 

Five PSF isolates Aspergillus niger (Ttf4); Aspergillus nidulae (Ttf7); Aspergillus 

fomigatus (Ttf8), Aspergillus versicolor (Ttfl7) and Aspergillus terreus (Ttfl8) were 
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further evaluated in PVK liquid media amended with tricalcium phosphate (TCP) and 

rock phosphate (RP) to assess their phosphorus solubilization capacity. Results have 

been presented in Table 16; Figure 3.The pH of the cultural broth samples dropped 

significantly as compared to the control where it remained constant around pH 7.0. 

Aspergillus niger (Tff 4) caused decrease in pH from 7, at the beginuing to 3.7 which 

was attributed to the varying diffusion rates of different organic acids secreted by the 

tested organisms. Aspergillus terreus (Ttfl8) showed better efficiency of TCP 

solubilization after seven days of incubation (Table 16) 

Table 14: Showing clear zone formation by the selected fungal isolates 

Name of isolates Clear zone (em)* 
24h 48h 72h 96h 120h 144h 

Aspergillus niger (Ttf4) - 0.2 0.5 0.6 0.6 0.6 
Aspergillus nidulae (Ttf7) 0.2 0.4 0.5 0.5 0.5 0.5 
Aspergillus fomigatus (Ttf8) - 0.3 0.4 0.4 0.5 0.5 
Aspergillus versicolor (Ttf17) - 0.3 0.4 0.5 0.6 0.6 
Aspergillus terreus (Ttfl8) 0.2 0.2 0.3 0.5 0.5 0.5 

*Average of three replicates. 

Table 15: Showing clear zone formation by the selected bacterial isolates 

Bacterial isolates Clear zone (em) 
(Code) 24h 48h 72h 96h 120h 144h 

Ttb9 - 0.2 0.4 0.5 0.5 0.5 
Ttb14 0.2 0.4 0.5 0.6 0.6 0.6 
Ttb17 0.2 0.3 0.4 0.5 0.5 0.5 
Ttb20 0.2 0.3 0.5 0.5 0.5 0.5 

*Average of three replicates. 



Plate 8(A-G): In \'itro characterization of microorganisms for phosphate 
solubilization in PVK medium. Fungal isolates (A-D); Bacterial isolates (E-G) 
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Table 16: Evaluation of phosphorus solubilization by fungal isolates in liquid media 

amended with tricalcium phosphate (TCP) and rock phosphate (RP) 

PSF isolates 
Aspergillus niger (Ttf4) 
Aspergillus nidulae (Ttfl) 
Aspergillus fomigatus (Ttf8) 
Aspergillus versicolor (Ttf17) 
Aspergillus terreus (Ttf18) 

TCP (mg!l) 
875 
886 
894 
874 
900 

pH 
3.8 
3.6 
3.5 
4.05 
3.32 

RP (mg!l) 
361 
357 
366 
356 
374 

pH 
3.7 
3.37 
3.15 
3.6 
2.92 

PSF = Phosphate solubilizing fungi; TCP = tricalcium phosphate (P=997mg/1); RP= rock 
phosphate ( P=500mgll) 

The increase of P concentration in the later stages might be due to the action of 

the fungi on the substrate for demands of nutrients, thus releasing more P from insoluble 

sources. Increasing the released P during the later stages was also attributed to cell lysis 

and P precipitation brought about by organic metabolites. The tested isolates reached 

their maximum biomass level after seven days of incubation. Such result indicated the 

ability of the fungal strains to solubilize P and change it to available form. Culture media 

with no TCP produced poor growth. 

4. 7. Searching for Arbuscular Mycorrhizal Fungi from tea plants grown in Sikkim 

hills and plains 

Soil and root samples collected from tea plants growing at various locations ofTemi Tea 

Estate, Sikkim as well as from Tea Garden of Matigara Tea Estate were used for 

determining association of Vesicular Arbuscular Mycorrhiza, Extracted spores from each 

soil samples were divided into groups of the same characteristics for identification under 

dissecting microscope. Spore attachment, size and color of spores were noted.The 

identification in this study was done following the monograph and the manual of 

Gerdemann & Trappe (1974), Trappe and Schenck (1982) and Hall (1984). The semi 

permanent slides were prepared using PVL (polyvinyl alcohol + lactic acid + Glycerol) 

which effected certain spore characteristics, such as wall characteristics and spore color, 

diameter, attachment and hyphal wall thickness etc. Detailed photographic illustrations of 

AM spores and their associations with tea root system obtained from Temi Tea Estate, 

Sikkirn hills have been presented in Plate 9 (figs A-M) and AM spores and root 

association obtained from Matigara Tea Estate, plains of Siliguri have been presented in 
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Plate 10 ( figs A-K). Morphological characteristics of some AM spores are described 

below and population of AM fungi in the rhizosphere of tea collected from different 

blocks ofTemi Tea Gardens have been presented in Table 17. 

Glomus Jascicu/atum Gerdemann and Trappe-

Colour pale yellow to bright brown with globose to subglobose in shape. Spores are 

produced directly with one or more subtending hyphae attached to it. Spore wall is 

continuous. Spore wall consisting of three layers (Ll, L2, and L3). Spore size ranges 

from 70-120J.lm in diameter. (Plate 9, fig. D) 

Glomus aggregatum Koske, Gemma and Olexia-

Spores globose to oval in shape. Size ranges from 40-120J.lm in diameter, color- pale 

yellow. Formed singly or in sporocarps. Spore wall consist of 1-2 layers. Sporocarps are 

formed in loose clusters, from a single stalk, diameter ranges from 200-1800 x 200-1400 

J.lm in size. (Plate 1 O,fig. H) 

Glomus mosseae Nicolson and Gerdemann-

Brown to orange-brown in colour, shape, globose to sub-globose with an average 

diameter of 200J.lm. Presence of three hyaline layers with subtending hyphae attached. 

Hyphae are double layered. (Plate 9 fig. B) 

Glomus drummondii Blaszk. & C. Renker-

Spores occur singly in the soil; develops from the tip of extraradical hyphae of 

mycorrhizal roots. Spores are golden yellow, globose to subglobose, average diameter is 

70J.lm in diameter; single subtending hypha attached with the spore. Spore wall consists 

of three distinct layers. (Plate 9 ,fig. E) 

Glomus clarum Nicol. & Smith 

Spores single in the soil; hyaline to pale yellow, globose to subglobose; 150 J.lm diam; 

sometimes ovoid; 90-100 x 140-180 J.lm; with one subtending hypha hyaline to pale 

yellow straight to curved;wall of subtending hypha hyaline to pale yellow ,thick at the 

spore base; composed of three layers (Plate 10; fig. G) 
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Gigaspora gigantea (Nicol. & Gerd.) Gerd. & Trappe 

Spores single in the soil; formed terminally or laterally on a bulbous sporogenous cell; 

greenish yellow (globose to subglobose; 300)lm diam; sometimes ovoid; 250-270 x 265-

370 )liD. Subcellular structure of spores consists of a spore wall with two layers and one 

germinal wall. (Plate 10 , fig. C) 

Gigaspora margarita W.N. Becker & I.R. Hall 

Spores produced singly in the soil, blastically at the tip of a bulbous sporogenous cell. 

Spores yellowish white to sunflower yellow; globose to subglobose; 357 )liD diam; 

sometimes ovoid; 300-340 x 360-380 )liD. Sporogenous cell orange to brownish yellow 

(clavate; 52.5-60.0 x 75.0-100.0 )liD. Structure of sporogenous cell composed of two 

layers. Layer 1 hyaline, 1. 7 )liD thick approximately. Continuous with spore wall layer 1. 

Layer 2 orange to brownish yellow, 5.6 )liD thick, continuous with spore wall layer 2. 

(Plate 10, fig. D) 

Acaulospora bireticulata F.M. Rothwell & Trappe-

Spores are globose and brownish in colour, diameter ranges from 280-41 O)lm. Surface 

ornamentation is prominent. Spore wall consists of three layers. Spores are borne laterally 

from the neck of a sporiferous saccule. (Plate 10, fig. E) 

Acaulospora capsicula Blaszk. 

Spores are bright red or orange red in colour, globose to subglobose with three distinct 

layers. (Plate 10, fig. F) 

Scutellospora pellucida (Nicol. & N.C. Schenck) C. Walker & F.E. Sanders 

Spores single in the soil; formed terminally on a bulbous subtending hypha; hyaline to 

yolk yellow; globose to subglobose; 195J.!m diam; sometimes ovoid; 130-155 x 160-235 

Jlffi. 

Scutellospora rubra (Nicol. & N.C. Schenck) 

Spores color: dark orange-brown to red-brown, most tending toward the latter at 

maturity. Immature spores are white to cream with a rose tint under a dissecting 

microscope. Shape: globose to subglobose. Size 180 Jlffi in average. 



Plate 9(A-M): Plantation site ofTemi Tea Garden (A). Spore of Glomus mosseae (B): 
G.hadium (C), GJasciculatum (D), G.drummonclii (E) G.clarum (F) andG.mosseae (G) 
Histopathological study of tea roots showing intraradical hyphae, vesicles and hypha! 
structure (H-M) 

,.. ... 



Plate IO(A-K): Plantation site of tea gardens in plains (A). Spore of Glomus mosseae 
(8), Gigaspora gigantea (C), G. margarita (D), Acaulospora hiteticulata (E) A.spinosa 
(F) Gigaspora margarita with bulging hypha! attachment (G), Glomus aggregating( H), 
Histopathological study of tea roots showing intraradical hyphae, vesicles and hypha! 
structure (1-K) 
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Table 17: Population of AM fungi in the rhizosphere of tea collected from different 

blocks ofTemi Tea Garden 

Genus & species 

Glomus aggregatum 

G. mosseae 

G. fasciculatum 

G. drummondii 

G. clarum 

G. microaggregatum 

G. versiforme 

Gigaspora decipiens 

G. gigantea 

G. margarita 

G. rosea 

Acaulospora bireticulata 

A. spinosa 

A. denticulata 

A. capsicula 

Scutellospora rubra 
S. pellucida 

% of AM spores from different blocks 
Block 1 Block 2 Block 3 Block 4 

44 23 

47 22 

45 30 

05 08 

13 12 

60 57 

75 78 

65 72 

25 20 

15 18 

08 12 

10 12 

02 

04 02 

03 02 

48 

18 

38 

08 

10 

48 

82 

70 

16 

10 

10 

01 

04 

04 

82 

86 

82 

12 

10 

18 

06 

03 

14 

34 

08 

24 

22 

10 

04 

05 

02 
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Table 18: Comaparison of soil characters of tea rhizosphere and colonization of AM 

fungi in Temi Tea Estate, Sikkim and Matigara Tea Estate, Siliguri 

Parameters Temi Tea Garden (Sikkim) Matigara Tea Garden (Plains) 

Soil type Sandy-Clay Sandy-clay 

Sand(%) 55 60 

Silt(%) 7 02 

Clay(%) 43 38 

pH 4.43 5.01 

Moisture(%) 22.08 13.68 

P20s (ppm) 40.26 34.82 

K20 (ppm) 123.65 91.46 

Organic Carbon(%) 1.27 1.39 

Nitrogen (%) 0.11 0.08 

Spore No. I gm of 
115 80 

soil 

% Colonization 85 88 

Microscopic observations of AM fungi associated with tea roots in hills and plains have 

been illustrated in Plates 9 & 10. Maximum root colonization of tea roots with AM fungi 

of both in hills and plains revealed the presence of Glomus mosseae and Glomus 

fasciculatum. Pure line of these two AM fungi were made and scanning electron 

microscopic observations have been presented in Plate 11 (figs.A-C). 

4.8. Biochemical changes in tea plants following inoculation with U. zonata 

4.8.1. Estimation of Phenol content 

As polyphenols are the major constituents of tea plants it was decided to compare the 

levels of total phenol and ortho-dihydroxy phenol in tea roots following inoculation with 

U. zonata. Five tea varieties were selected for this experiment. 



Plate ll (A-C): Scanning Electron Micrograph of AMF 
spo res obta ined from te a rhizos ph ere .G/o mus 
./(tsciculatum (A) G. mosseae (8), highly magnified image 
of spore wall structure of G. mosseae (C) 
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4.8.1.1.Total phenol 

Total phenols from healthy and U. zonata inoculated tea roots of different varieties were 

extracted after 10 days of inoculation and estimated. Results (Table 19) revealed that total 

phenol decreased following inoculation with U. zonata in the susceptible varieties. 

However there is an increase in the phenol content of resistant varieties following 

inoculation. Among all the varieties tested TV -26 showed maximum increase in total 

phenol following inoculation with the pathogen. 

Table 19: Total phenol content in healthy and U. zonata inoculated tea varieties 

Tea varieties Total phenol (mg/g tissue)* 

TV-18 

TV-23 

TV-25 

TV-26 

T-17 

Healthy 

4.5±0.25 

5.3±0.15 

4.6±0.40 

6.2±1.25 

5.7±0.05 

*Average of three replicates.±- S.E 

4.8.1.2.0rtho- dihydroxy phenols 

Inoculated 

7.1±0.05 

8.8±0.10 

5.0±1.21 

9.7±0.35 

6.8±1.22 

Ortho-didydroxy phenols were also extracted from healthy and U. zonata inoculated tea 

roots of different varieties after 10 days of inoculation with the pathogen and estimated. 

Results (Table 20) revealed that ortho-dihydroxy content decreased in susceptible 

varieties increase in resistant varieties following inoculation with U. zonata. Responses 

of TV-25 variety against the pathogen were towards increasing the levels of 

orthodihydroxy phenol. 
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Table 20: Level of ortho-dihydroxy phenol content in healthy and U. zonata inoculated 

tea varieties 

Tea varieties ortho-dibydroxy phenol (mglg tissue)* 

TV-18 
TV-22 
TV-23 
TV-25 
TV-26 
T-17 

Healthy 

1.7±0.20 
3.1±2.10 
2.1±0.35 
3.1±1.15 
2.2±1.00 
1.7±0.25 

*= average of three replicates . .± = S.E 

4.8.2 Determination of enzyme activities 

4.8.2.l.Phenylalanine ammonia lyase (PAL) 

Inoculated 

2.5±2.35 
3.5±0.65 
2.8±2.34 
3.8±0.56 
3.6±2.15 
2.9±1.32 

Phenylalanine ammonia lyase (PAL) is the first enzyme of phenyl propanoid metabolism 

in higher plants and it has been suggested to play a significant role in regulating the 

accumulation of phenolics, and phytoalexins as well as lignins, three key factors 

responsible for disease resistance. In present study, PAL activity was assayed in tea roots 

following inoculation with U. zonata. PAL activity was assayed in each case after 7, 14 

and 20 days after inoculation. Results have been presented in Table 21. It showed that 

PAL activity increased after 14 days of inoculation markedly in all the varieties except in 

TV-18. 

Table 21: Changes in PAL activity in tea roots following inoculation with U. zonata 

Tea variety 

TV-18 
TV-23 
TV-25 
TV-26 
T-17 

PAL activity in tea roots {!lg cinnamic acid g-1 m"1)* 

Healthy 
123.4±2.34 
081.0±1.02 
076.4±0.03 
087.6±1.25 
189.0±0.21 

Infected 
089.5±2.10 
158.6± 1.00 
173.8± 0.00 
142.6±2.01 
292.7±0.34 

*Average of three replicates.±= S.E 
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4.8.2.2.Peroxidase 

Peroxidase activity was assayed as increase in absorbance when o- dianisidine was 

oxidized by the oxygen released from H20 2 which was oxidized by the enzyme. 

Peroxidase was extracted from healthy and U. zonata inoculated tea roots and their 

activity was also assayed after 7 and 14 days of inoculation. Peroxidase activity increased 

in all the varieties tested following inoculation(Table 22). 

Table 22: Changes in peroxidase activity in tea roots following inoculation with 

U.zonata 

Tea variety 

TV-18 
TV-23 
TV-25 
TV-26 
T-17 

PO activity in tea roots (A OD/g tissue /min )* 
Healthy Infected 

1.46±0.03 
0.64±2.56 
1.11±3.65 
1.29±2.01 
1.03±1.90 

1.57±0.00 
1.80±1.25 
1.22± 2.11 
1.77±0.34 
1.62± 0.26 

*Average of three replicates.±= S.E 

4.8.2.3.Polyphenol oxidase (PPO) 

Tea varieties were selected and enzyme activity following inoculation with the pathogen 

was assessed. PPO activity in tea roots increased markedly after 4 days of inoculation 

with U. zonata in all the varieties tested (Table 23) 

Table 23: Changes in polyphenol oxidase activity in tea roots following inoculation with 

U. zonata. 

Tea variety 

TV-18 
TV-23 
TV-25 
TV-26 
T-17 

PPO activity in tea roots (A OD/g tissue /min )* 
Healthy Infected 

0.14±0.34 
0.11±2.01 
0.16± 2.78 
0.25±0.11 
0.04±2.10 

0.19±1.25 
0.21±0.34 
0.23± 1.80 
0.29±0.03 
0.16±0.02 

* Average of three replicates. ± = S.E 



128 

4.8.3. Detection of antifungal compound 

Drop diffusates collected from tea roots contained some antifungal compounds. Further 

experiments were carried out to detect the antifungal phenolics from relatively large 

samples of freshly harvested tea roots following artificial inoculation with U. zonata 

using facilitated diffusion technique. Antifungal compounds were extracted separately 

from healthy and U. zonata inoculated tea roots. Ethyl acetate fractions of both healthy 

and U. zonata inoculated tea root extracts were loaded on TLC plates, developed in 

chloroform: methanol (9:1,v/v) and sprayed with Polin- Ciocalteau's reagent. Color 

reaction was noted at Rf 0.56. Crude extract (ethyl acetate fraction dissolved in methano!) 

prepared from healthy and U. zonata inoculated roots were bioassayed following radial 

growth inhibition assay. Results have been presented in Table 24. 

Table 24: Effect of antifungal compounds extracted from healthy and inoculated tea root 

extracts on radial growth of U. zonata. 

Variety 

Healthy 

15.1 

13,2 

19.6 

18.4 

Distilled water control 30mm 
* Average of three replicates 

Diameter of mycelial growth (mm)* 

Infected 

4.6 

5.3 

10.4 

12.8 

4.9. Cultural characteristics of PSB (B.pumilus) and PSF (A. niger) isolates 

4.9.1. PSB isolate (B. pumilus) 

To determine the effect of different factors on growth of B. pumilus the bacteria were 

grown in different pH, temperature and medium. 

4.9.1.1 pH 

B.pumilus grew best at pH 6.0 and did not grow well below pH 4.0 and above 8.0. 
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4.9.1.2. Temperature 

The growth of B.pumilus was observed at different temperatures ranging from·20 to 50 

°C. NB medium was inoculated with the bacteria and flask was incubated at 20 .25.30, 

35,40,45,50°C. Bacteria grew well within these ranges of temperature but grew best at 35 

oc. 

4.9.1.3. Media 

Six different media (PDB, NB, KB, LB, NSB, and GYP) were selected to assess the 

growth of the Rhizobacteria and it was recorded that NB is the best medium for growth of 

B.pumilus. (fable 25) 

Table 25: Growth of B.pumilus in different media 

Media B.pumilus ( cfu/ml) 

PDA 3.3lxl07 

NB 6.02xl013 

KB 1.90xl011 

LB 5.88xl08 

NSA 1.8lxl06 

GYP 2.60x 109 

*Average of three replicates; incubation period 4 days. 

4.9.1.4. Incubation period 

B.pumilus was grown in NB for a period of 10 days with growth being recorded after 1, 2, 

3, 4, 5, 6, 7, 8, 9 and 10 days of growth at temperature of 35 °C. Maximum growth was 

recorded after 4 days and then growth gradually decreased. 

4.9.1.5. Antibiotic sensitivity 

Antibiotic sensitivity test was performed to koow the strength of rhizobacteria against 

particular antibiotic. Antibiotics was mixed at rate of 15J.tg/ml in Nutrient Agar medium; 

Results showed that B. pumilus is highly sensitive to amoxicillin, streptomycin, 

gentamycin. (fable 26) 
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Table 26: Antibiotic sensitivity of the rhizobacterial isolate (B. pumilus ) 

Antibiotics B.pumilus 
Amoxicillin HS 
Penicillin PH 
Chlorarnphenical HS 
Streptomycin HS 
Gentarnycin HS 
Norfloxacin HS 
Tetracycline HS 
Kanamycin MS 
PS- partially sensitive; HS- highly sensitive; MS- moderately sensitive 

4.9.2. PSF isolate (A. niger) 

Before further work was carried out with the isolated phosphate solubilizing fungi, their 

cultural characteristics were determined in order to obtain information about their optimal 

growth conditions. Effects of different pH, temperature and media on growth of the fungi 

were determined. 

4.9.2.1. pH 

Phosphate solubilizing fungi grew best at pH 4.5 and almost did not grow at pH 2.0 and 

10.0 

4.9.2.2.Temperature 

The growth of these PSF was observed at different temperatures ranging from 20 to 50°C. 

PDB medimn was inoculated with the PSF and the flasks were incubated at 20.30,40,50 

°C. The fungi grew well within 30°C temperature. 

4.9 .2.3. Media 

Five different media were selected for testing the growth of the fungi. These were Potato 

Dextrose agar, (PDA), Potato dextrose broth (PDB), Carrot juice Agar, Czapek dox Agar, 

Potato sucrose Agar. The fungi grew well in almost all the media but it showed maximum 

growth on PDB and PDA. 

4.10. In vitro studies of selected PSF and PSB isolates against test pathogen 

4.1 0.1. Pshosphate solubilizing fungus (PSF) 

The inhibitory effects of the isolates Ttf 4 viz. Aspergillus niger were further confirmed 

by dual culture methods in solid and liquid media. 
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4.10.1.1 Solid medium 

In solid medium, inhibition of the growth of different fungal pathogens by the 

antagonistic fungi and the zone of inhibition were reco;ded. The results revealed that 

Aspergillus sp. inhibited the growth of all test pathogens viz. Ustulina zonata, 

F.larnaoensis, S. rolftii, P. larnonensis and results were summarized in (Table 27). 

Table 27: In vitro antagonistic effect of phosphate solubilizing fungus (Aspergillus niger

Ttf4) 

Test pathogens Diameter of inhibition zone (em)* 

U. zonata 
F. larnaoensis 
S. rolftii 

1.6± 0,03 
1.0± 0.01 
2.0±0.05 

±- standared error; * Average of 3 replicates. 

4.10.1.2 Liquid medium 

Aspergillus niger was tested for their activity against the test fungi in liquid medium. 

After 7 days of growth, mycelia were harvested; dried and mycelial dry weight was taken. 

Results (rable-28) revealed similar observation as in solid medium .. 

Table 28: In vitro test of phosphate solubilizing fungus (Aspergillus niger- Ttf4) with 

different tea root pathogens 

Interacting microorganism 

U. zonata 
U. zonata+ A. niger 

F. larnaoensis 
F. larnaoensis+A. niger 

S. rolftii 

S. rolftii+A. niger 

Mycelial dry weight 
(mg) 

189.3± 1.30 
043.0±2.21 

265.5±2.43 
058.0±1.56 

306.6±4.30 

054.4±2.42 

± = standared error; *Average of3 replicates. 

% of reduction 
ingrowth 

74.4% 

74.76% 

82.25% 
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4.10 .. 2 Phosphate solubilizing bacterium (PSB) 

Antagonistic activity of selected bacterial isolate Ttb 14 VIZ. Bacillus pumilus was 

confirmed by dual culture method both in solid and liquid media. 

4.10.2.1. Solid medium 

In case of solid medium tests, diameter of fungal growth alone or with plant growth 

promoting bacteria and zone of inhibition were noted. The results (Table 29) revealed that 

the bacteria inhibited Fornes lamaoensis most, followed by Ustulina zonata and 

Sclerotium rolftii. 

Table 29. Effects of B. pumilus against fungal pathogens in solid medium 

Test organisms Diameter of inhibition zone Mycelial dry wt.(g) 
(em) 

Ustulina zonata 

Fornes lamaoensis 

Sclerotium rolftii 

± - Standard error 
Average of three replicates 

1.4±0.03 

1.6± 0.08 

0.6±0.05 

Temperature 30± z•c; after 7 days of incubation 

4.10.2.2 Liquid medium 

0.125 

0.101 

0.387 

The bacterium ( B. pumilus) was also tested for their activity against the test fungi (tea 

root pathogens) in liqnid medium. After 7 days of growth, mycelia was harvested, dried 

and mycelial dry weight was noted. Lowest mycelial dry weight was recorded in F. 

lamaoensis and percentage of reduction was less in Sclerotium rolftii. In dual culture, it 

was found that the B. pumilus inhibited all the test pathogens (Table 30) 

Table 30: In vitro pairing test of B.pumilus with different pathogens in liquid medium 

Interacting microorganisms Mycelial dry weight 
(mg) 

U. zonata 190.3± 0.30 
U. zonata +B. pumilus 52.4 ± 0.21 
F. lamaoensis 260.0± 0.25 
F. lamaoensis+B. pumilus 43.5±1.20 
S. rolftii 312.0± 0.15 
S. rolftii+B. pumilus 125.0 ±1.23 
Average of three replicates.±- Standard error 

%reduction 
over control 

72.2% 

75.5% 

59.1% 
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4.11. Effects PSF application on growth oftea plants 

The growth promotion of different varieties of tea seedling and two year old tea plants 

was observed in terms of increase in height of seedlings, number of shoots and number of 

leaves. It was observed that treatment with the A. niger increased the rate of growth of the 

seedling in relation to untreated control. Percentage increase in height of plants as well as 

number of leaves after two and four months of application of fungus to the soil were 

calculated (Table 31). The results showed that the PSF efficiently promoted growth in tea 

plants irrespective of their variety. 

Table31: Effect of Phosphate Solubilizing Fungus (A. niger) on the growth of tea 

seedling. 

Tea variety Treatment 2 months after treatment 4 months after treatment 

%increase % increase in % increase in % increase 
in height no. ofleaves height in no. ofleaves 

TV-18 Control 6.6 ±1.20 15 ± 1.71 !6.0± 1.21 25 ± 1.93 

A. niger 35.4±1.32 30±6.01 55.0±2.46 49.0± 1.00 

T -17 Control 7.0± 1.16 10.0± 1.50 15±1.92 20±5.20 

A. niger 36.0± 0.80 36.0± 1.20 50±0.92 48± 1.74 

TV-25 Control 10±2.0 18±1.20 18.2±0.89 30.0±1.90 
A. niger 29±1.20 42.0±1.25 56.2±1.20 53.0± 1.20 

TV-26 Control 10.5 ±1.30 18.0±1.92 15.6 ±1.20 34.0±2.05 

A. niger 29.4±0.47 45.0 ± 1.82 49.8 ±1.28 53.0 ± 1.65 

TV -23 Control 8.4±2.12 17.0±1.34 17.3±1.92 38.0 ±1.23 

A. niger 23±1.20 39.0±2.10 48.5±1.28 49.0±1.00 

Ten plants per treatments; * difference of all tests with control significant at P= 0.05 rest 
significant at P= 0.01 as tested by Stndents t test. 

4.12. Effects of PSF application on Charcoal stump rot disease development of tea 

Since the PSF isolate showed antagonistic activity in vitro, experiments were further 

conducted to determine whether these could also alter disease reaction in tea plants. 

Three tea varieties (TV-26, T-17, TV-23) were grown and following application ofPSF 
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mass multiplied in FYM, each plant was inoculated with U. zonata. Disease 

development was assessed 20, 35 and 55days after inoculation with the pathogen. Results 

(Table 32) revealed that plants prior treated with PSF treatment reduced the severity of 

the disease. 

Table 32: Effects ofPSF (A. niger) application on the development of charcoal stump rot 

disease of tea 

Varieties Treatments Stump rot index 
Days after inoculation 
20 35 55 

TV-26 U. zonata 1.20 2.00 4.55 

U. z +A. niger 0.79 1.26 2.36 

T-17 U. zonata 1.23 2.12 4.65 

U. z +A. niger 0.60 1.02 1.89 

TV-23 U. zonata 1.00 2.45 3.43 

U. z +A. niger 0.56 0.90 1.56 

Rot index: 0= no symptom; 1 = small roots turn brownish and start rotting; 2= leaves start 
withering and 20-30% of roots turn brown; 3= leaves withered and 50% of roots affected; 
4= shoot tips also start withering; 60-70% affected; 6= whole plants die, with upper 
withered leaves still remaining attached; roots fully rotted 

4.13. Biochemical changes in PSF treated tea plants following inoculation with 

U. zonata 

Application of the PSF (A. niger) to soil prior to inoculation with the pathogens resulted 

in a decrease in disease intensity in all cases. Disease alteration is associated with 

changes in biochemical constituents in the host. Major biochemical components of tea 

leaves such as proteins and chlorophylls were analyzed. Protein content was lesser in 

pathogen inoculated plants then in uninoculated plants but protein content was higher in 

A. niger treated plants. Phenol contents were even more significantly increased when 

challenged with pathogen. Chlorophyll content was higher in treated plants than in 

pathogen inoculated plants (Table 33). 
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Table 33: Effect on protein, phenol and chlorophyll content of A. niger inoculated tea 

plants 

Biochemical Treatments 
Components (mg g·1 tissue> Control PSF 
Protein 30 46.2 
Phenol 
Total 12.8 34.21 
Ortho 2.6 3.56 
Chlorophyll 
Chla 0.596 0.686 
Chlb 0.289 0.426 
Total chl 0.885 1.112 

Difference with control significant at P=0.05, rest significant at P= 0.01 as tested by 

student 't' test. 

Both the total and 0-dihydroxy phenol contents of the tea leave were significantly higher 

following treatment with PSF as compared to non treated control plants in different 

varieties of tea (Table 34). 

Table 34: Phenol contents in tea leaves of different varieties following fungal (A. niger) 

and pathogen application in the rhizosphere. 

Varieties 

T-17 

TV-26 

Treatment 

Control 
U. zonata 
U. zonata + 
A. niger 
Control 

U. zonata 
U. zonata+ 
A. niger 

Phenol content (mglg tissue) 
Total 0-dihydroxy 

30.2± 3.2 8.2±1.4 
34.4 ± 2.2 8.1± 0.9 
38.5± 2.5 9.5±0.9 

28.2±1.2 
30.8±2.9 
35.9±2.5 

7.5±1.4 
8.1±1.4 
9.6±0.9 

Higher activities of defense enzymes like peroxidase were observed in U. zonata treated 

and A. niger, treated plants. Other defense enzymes like PAL, 13, 1, 3-glucanase and 

chitinase also showed enhanced activity (Table 35). 
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Table 35: Enzyme activities in PSF treated tea varieties following inoculation with 
pathogen ( U. zonata ) 
Varieties 

T-17 

T-23 

TV-26 

Treatments 

Control 
A. niger 
A. niger+ 
U. zonata 
Control 
A. niger 
A. niger+ 
U. zonata 
Control 
A. niger 
A. niger+ 
U. zonata 

PO 

3.4± 0.2 
5.3±0.2 
8.0±0.2 

3.3±0.1 
4.0±0.2 
9.0± 1.1 

3.7± 0.0 
4.6± 1.4 
5.6±0.2 

Enzyme activities 
em PAL GLU 

10.2±1.0 64±0.4 436±1.4 
17.2 ±2.1 96±0.7 544±2.3 
135±0.32 103.4±1.6 620± 1.5 

12.2± 0.2 58± 0.21 389± 2.1 
16.2± 2.2 99± 0.13 497± 1.0 
24.3± 1.2 112± 0.12 523± 2.1 

11.5 ± 1.4 66±0.23 376±1.1 
15.7± 0.3 98± 0.01 450±2.0 
26.5±0.3 . 109.5±1.6 525±2.2 

POX activity assayed as 11 A 465 min'1 g tissue'1; PAL activity assayed as flll N-Acetyl glucosantine 
released by enzyme from I g tissue ntin-1 and B 1,3- GLU activity assayed as fig glucose released by 
enzyme from lg tissue min·'. 

4.14. Effect of PGPR (Bacillus pumilus) application on the growth of tea plants 

When bacterial inoculums was applied in the rhizosphere of tea plants or seedlings, 

increase in the growth was observed in terms of increase in height of seedlings, number 

of shoots and number of leaves. It was observed that treatment with the bacteria increased 

the rate of growth of the plants in relation to untreated control (Plate 12). Increase in 

growth was recorded from two month onwards. Bacterial inoculation led to as much as 

125% increase in growth, as against 15-25% in control. (Tables 36 & 37). Percentage 

increase in height of the plants, no. of leaves and leaf area index have been presented in 

Figure 4. 

Table 36: Effect ofPGPR (Bacillus pumilus) application on the growth of tea seedlings 

Tea varieties Treatment 2 months after treatment 
Height of seedling (em) No.ofleaves of seedling 
Initial final initial final 

Tl7 Control 10.2 14.6 7 10 
B.pumilus 12.8 21.5 8 16 

TV-20 Control 14.2 15.5 7 12 
B.pumilus 14.0 24.1 8 15 

TV-25 Control 14.7 17.0 7 9 
B. pumilus 15.2 19.6 8 14 

Each treatment consisted of 10 plants, m triplicates and values are an average of 30 

plants. Results were recorded 2 months following the bacterial inoculation. 



Plate 12: Effect of Bacillus pumi!tts on growth of two year old potted tea 
plants 
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Table 37: Effect of B. pumilus application on growth of two year old plants 

Tea Treatments Height of plants (em) No. of lateral branches No. of leaves 
Varieties 

Initial after 2 months initial after 2 months initial after 2 
Months 

T-17 Control 22.3 26.4 10 15 40 48 
B.pumilus 26.0 41.0 10 22 43 79 

TV-18 Control 34.6 47.6 14 16 50 80 
B.pumilus 34.0 70.0 10 19 43 95 

TV-26 Control 32.3 42.6 9 10 40 51 
B.pumilus 36.0 82.0 10 15 32 68 

Each treatment is average of three replicates. 

4.15. Effects of B. pumilus application on disease development in tea 

In vitro interaction study of PGPR -B. pumilus with tea root pathogens ( U. zonata and 

F. lamaoensis) in dual culture exhibited significant inhibition towards the growth of the 

tested fungal pathogens ( Plate 13 ). In vivo experiments were conducted to determine 

the effectiveness of this bacterium (B. pumilus ) for controlling charcoal stump rot 

diseases. It was observed that B. pumilus was successful in reducing intensity of disease 

(Table 38). 

Table 38: Effects of B. pumilus on the development of charcoal stump rot disease of tea 

Varieties Treatment Root rot index 

T-17 

TV-26 

U. zonata 
U. zonata + 
B.pumilus 
U. zonata 
U. zonata+ 

15 

1.90 

0.12 
1.45 

Days after inoculation 
30 45 

3.00 

1.24 
2.64 

5.55 

2.25 
4.60 

B. pumilus 0.52 1.02 2.25 
T 25 U. zonata 1.34 2.40 4.57 

U. zonata + 0.52 0.86 2.24 
B.pumilus 

rot index: 0= no symptom; I= small roots turn brownish and start rotting; 2-leaves start 
withering and 20-30% of roots turn brown; 3= leaves withered and 50% of roots affected; 
4= shoot tips also start withering; 60-70% affected; 6= whole plants die, with upper 
withered leaves still remaining attached; roots fully rotted. 
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4.16. Biochemical changes in tea following application of B. pumilus 

Since plant growth promotion could also be due to induction of biochemical responses 

within the host, experiments were conducted to assess the effect of B.pumilus on 

biochemical components of tea leaves. In order to determine the effect on photosynthetic 

apparatus changes in chlorophyll content were also analysed. Besides, catechins the 

flavonoid flavour component of tea leaves are extremely important and changes in these 

were also analysed by HPLC. Activities of some of the enzymes which are involved in 

phenol metabolism as well as in defense i.e, peroxidase, phenylalanine ammonia lyase, 

chitinase, B- I .3 glucanase were also determined. 

4.16.1. Phenol content 

Both the Total and 0- dihydroxy phenol contents of the tea leaves were increased 

significantly after application of B. pumilus as compared to untreated control in different 

varieties of tea. Results ( Table 39; Figure 5) revealed that maximum accumulation 

occurred when there was joint inoculation by PGPR and pathogen. When the plants 

( T-17 and TV-26) were pretreated with B. pumilus and subsequently inoculated with 

U. zonata , the level of total phenol and orthodihydroxyphenol increased in the PGPR 

treated plants followed by challenge inoculation with the fungal pathogen ( Figure 6 ) 

Table 39: Effect of B. pumilus on the biochemical components of tea 

Tea Treatment Protein Content Total phenol 0-dihydroxy phenol 
varieties (mg g·1 tissue) (mg g·1 tissue) (mg g·1 tissue) 
TV 18 Control 30.1±2.57 27.2±2.65 7.2±0.76 

B.pumilus 40.2±1.80 42.1±2.05 10.4±0.85 

T-17 Control 24.5±2.57 22.2±2.75 6.5±0.58 

B.pumilus 39.9±2.44 37.2±2.67 13.5±1.23 

TV-26 Control 39.3±3.20 23.5±3.84 7.8±0.92 

B.pumilus 48.5±2.93 38.5±2.63 12.0±1.04 



Platel3(A&B): In l'ilro antagonism of B.pumilus against U.:=onata (A) and 
Flamaoensis (B) 
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Fig.6 (A&B): Changes in total phenol and orthodihydroxyphenol content 
following treatment withB.pumilus and inoculated with U.zonata 
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4.16.2. Chlorophyll 

The quantitive analysis (Table 40) revealed that all treatments led to an increase in 

chlorophyll content both Total as well as chlorophyll a and chlorophyll b. 

Table 40: Chlorophyll content of tea leaves following bacterial application in the 

rhizosphere 

Varieties Treatment Total chl content chi A chlB 
(mg/gm tissue 

TV-26 Control 1.069 0.485 0.554 
B.pumilus 1.083 0.623 0.460 

T-17 Control 1.233 0.604 0.99 
B.pumilus 1.233 0.608 0.96 

TV-18 Control 1.069 0.485 0.554 
B.pumilus 1.403 0.549 0.854 

4.16.3. Enzymes activities 

Application of B. pumilus to the plants resulted increase in activities of all the four 

enzymes in the leaves of treated plants compared with untreated plants. However, further 

enhancement was observed when U. zonata was also inoculated (Table 43). Results have 

been presented in Figures 7 & 8 . 

Table 43: Enzyme activities in leaves of different tea varieties grown in soil following 

treatments in the rhizosphere. 

Varieties treatment Enzyme activities 
POX PAL em GLU 

T17 Control 3.7±0.2 66±0.5 12.5±0.9 360±2.0 
U. zonata 4.8±0.1 95±0.8 17.5±0.4 443±5.1 
B.pumilus 6.0±0.4 97±0.7 22.2±1.6 465±3.8 
B.p+U.z 8.2±0.2 141±0.3 26.4±1.0 532±1.2 

TV-18 Control 3.8±0.1 65±0.2 16.4±1.4 340±1.8 
U. zonata 4.4±0.7 73±0.6 17.3±1.2 492±0.8 
B.pumilus 5.3±0.3 75±0.8 20.1±1.7 560±2.4 
B.p+U.z 5.8±0.6 132±0.4 29.2±1.1 610±2.1 

TV-26 Control 4.5±0.3 84±0.5 18.3±1.7 410±2.9 
U. zonata 5.6±0.7 97±0.8 26.5±1.8 470±2.3 
B.pumilus 6.1±0.4 130±0.3 32.0±1.4 510±5.2 
B.p+U.z 7.4±0.5 139±0.9 35.2±2.1 560±4.2 

POX activity assayed as !!. A 465 min·1 g tissue·'; PAL activity assayed as 1-1g N-Acetyl 
glucosamine released by enzyme from 1 g tissue min·' and B 1,3- GLU activity assayed as 1-1g 
glucose released by enzyme from lg tissue min·'. 
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4.17. In vitro determination of mechanism of action of B. pumilus 

The growth promotion of plants may be achieved by the ability of bacteria to facilitate 

phosphorous uptake or produce phytohormones (IAA), HCN, Volatile and Chitinase that 

trigger responses in a growing plants. 

4.17.1. Phosphate solubilization 

Formation of clear zone around the colony grown in Pikovskaya's medium is an 

indication of phosphate solubilization by rhizobacteria. In Pikovskaya's medium 

B.pumilus produced clear zone of diameter 2.6 em after 4 days of incubation which 

indicated that the isolates could solubilise the insoluble phosphate unto simpler 

substances. 

4.17 .2 IAA production 

IAA production by the rhizobacteria was assessed for their ability to produce IAA by 

growing in Tripticase soya agar supplemented with tryptophane (0.1 mM) B.pumilus 

recorded the IAA production of 42mg/L. 

4.17.3. Siderophore production 

To assess the siderophore production by the antagonistic rhizabacteria, the bacteria was 

inoculated into Chrome Azurol Sugar agar plates and were incubated for 10-15 days. The 

appearance of yellow halo region was observed around B.pumilus which indicated a 

bacterium is able to chelate Fe3+ from Chrome Azurol Sugar. Bacteria are able to change 

the color of CAS- medium from blue to brownish yellow, indicating that they could 

produce siderophore The diameter of halo region was I. 6 after 12 days of incubation .. 

4.17.4. HCN production 

To determine the ability of B.pumilus to produce HCN, the bacterium was grown in 

medium amended with glycine. Filter paper strip soaked in picric acid was placed on the 

inner side of the lid of each petriplate and sealed properly with paraflim. Results were 

observed after 4-7 days. B.pumilus was found to be non-cyanogenic in nature. This 

suggests that compound other than HCN may be associated in the inhibition of pathogen 

in dual culture. 
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4.17.5. Chitinase production 

To determine chitinase production by the antagonistic rhizobacteria spot inoculation was made in 

the 5% colloidal chitin amended minimal medium and incubated at 28° C for 6-7 days. It was 

observed that no extracellualr chitinase was secreted by B.pumilus. 

4.17.6. Volatile production 

Volatile compound production by the antagonistic bacteria was assessed by the inhibition of the 

mycelial growth of the test pathogen in comparison to the mycelial growth in control plate 

containing only the pathogen as described under material and methods. Results showed that the 

antagonists produced volatile compounds.(fable 44) 

Table 44: Effect of volatile compounds on growth inhibition of test pathogen 

Pathogens B.pumilus 
RMG(cm) GI(%) 

U. zonata 4.2 52 
F. lamaoensis 3.0 66 
S. rolfsii 5.0 44 
F. oxysporium 5.1 44 
Control 9.0 -... 
RMG-radial mycelial growth; GI- Growth inhibition; Average of three replicates; 

The results obtained from above mentioned experiments suggest plant growth promotion activity 
by B. pumilus which has been SUll!IDarized in Table 45. 

Table 45: PGPR activity of B. pumilus 

Mechanism of action 

IAA production 

Phosphate solubilization 

Siderophore production 

Volatile production 
HCN production 

Chitinase production 

B.pumilus 

+ 
+ 
+ 
+ 

Average of three replicates; +positive reaction; - negative reaction 
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4.18. Bioassay of active principle from B. pumilus against test fungi 

Since the bacteria inhibited the growth of-the pathogens both in solid and liquid medium, 

it was decided to determine whether the culture filtrates could inhibit the growth of the 

pathogen. Cell free culture filtrate of the bacterial strains were prepared and sterilized 

either by autoclaving or by passing through sterilized G-5 filter. These were then mixed 

with the medium in different proportions and the test pathogen (U: zonata) was 

inoculated into it. Results revealed that both autoclaved and cold sterilized cell free 

culture filtrates significantly restricted the growth of pathogen in vitro. As the ratio of 

culture filtrates in broth increased, a marked decrease in mycelial growth of the pathogen 

was recorded (Table 46). 

Table 46: Effect of autoclaved culture filtrate on the mycelial groth of U: zonata 

Treatment 

PDB 
ACF 
ACF+10%PDB 
ACF+30%PDB 
ACF+50%PDB 

mycelial dry wt (mg) 

280.1 
0(100) 
040 (85.8) 
090 (65.4) 
123.5 (55.2) 

PDB- potato dextrose broth; figures in parenthesis indicate percentage (%) of inhibition 
overcontrol. 

4.19. Application of Bioformulations on growth of tea plants 

Since the selected bacterial isolate (B. pumilus ) showed plant growth promoting activity, 

as well as PSF isolate ( A. niger ) also exhibited growth in tea plants following 

application with FYM, it was decided to use commercial products of AM fungi - Josh 

( Plate 14) and PSF product - Kalisena ( Plate 15), in order to determine whether they 

have such growth promoting activity. Josh capsules were applied in tea plant root system 

of three different varieties ( T-17, TV-18 and TV-26) and subsequently their colonization 

with root systems were examined ( Plate 16). 

Accordingly, Josh and Kalisena alone and in combination with PGPR were 

applied to three varieties of tea plants. The growth of the seedlings were noted in each 

case and increase in growth rate was computed. It was observed that in relation to 

control, tea plants subjected to all treatments showed increased growth rate (Table 47) 



Plate 14 (A&B): Josh commercially available Mycorrizac root 
inoculants (A); Gelatin capsules containingAMF spores (B) 



Plate 15 (A-F): Kalisena- commercial fonnulation (A-D); Phosphate solubilizing 
fungus- Aspergillus niger(E&F). 



Plate 16 (A-M): Artificial inoculation of tea varieties with Josh capsule (A-C) and 
mycorrhizal associations in tea root (0-M); T 17(A,D,E,F); TV 18 (8 , G, H, I) and 
TY-26 (C, J, K, L, M) 
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Table 47: Effects of Bioformulation treatments on growth of tea seedling. 

Treatment 

Control 
Kalis en a 
Josh 
PGPR+ JOSH+Kalisena 

% increment in shoot length over initial 

TV-18 

109.1 
286.5 
300.2 
470.3 

T-17 

120.0 
267.5 
246.2 
310.1 

TV-26 

95.7 
209.0 
185.3 
245.0 
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Ten plants per treatment, in triplicate and values are an average of 30 plants. Results were 
recorded 2 months following the treatments. 

It has been postulated that some phosphate solubilizing bacteria behave as 

mycorrhizal helper bacteria. It is likely that the phosphate solubilized by the bacteria 

could be more efficiently taken up by the plant through a mycorrhizal pipeline between 

roots and surrounding soil that allows nutrient translocation from soil to plant. 

Considerable evidence supports the specific role of phosphate solubilization in the 

enhancement of plant growth by phosphate solubilizing microorganisms. 

Effects of inoculations with Josh, Kalisena and B. pumilus singly and jointly on 

growth of tea plants were evaluated in terms of number of leaves, number of branches 

and height of the plant. Results have been presented in Table 48 and Figure 9 

Table 48. Plant growth promotion in tea varieties following treatments with 
bioformulation 

Treatments 

Untreated 
Kalisena 
Josh 
PSF+PGPR 
J ash+ Kalis en a 
+PGPR 

TV-26 

Percentage increase in * 

Height No.of No. of 
branches leaves 

20.0 50.0 62.5 
72.6 80.0 160.0 
83.3 100.0 166.6 

105.0 300.0 200.0 
88.8 166.6 141.6 

TV-18 

percentage increase in * 

Height No.of No. of 
branches leaves 

52.6 50.0 70.0 
61.5 75.0 68.7 
60.0 80.0 86.6 

110.5 150.0 200.0 
77.3 140.0 155.0 

* Percent increase calculated after a period of 60 days, taking into consideration initial and final 
readings. 
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Soil sample from rhizosphere of the two varieties were collected after 60 days treatment 

and phosphorous content in soil was analyzed for the amount of phosphorous depletion 

on mobilization after treatment with Josh, Kalisena and PGPR. Phosphorous content in 

soil has been lowered in the treated block due to excess phosphorous mobilization or 

utilization by those plants treated with 'Josh', 'Kalisena SD' and combination with PGPR 

( Tahle 49) 

Table 49: Total phosphorous in rhizosphere soil of tea plants subjected to various 

treatments 

Variety Treatments Concentration (mgllit) 

TV-18 Control 0.302 

Josh 0.256 

Kalisena 0.190 

PSF+PGPR 0.185 

Josh+Kalisena+PGPR 0.180 

TV-26 Control 0.354 

Josh 0.232 

Kalisena 0.218 

PSF+PGPR 0.191 

Josh+Kalisena+PGPR 0.195 

When the plants were inoculated either with G. mosseae and B. pumilus separately or 

jointly the growth of the plants increased markedly ( Plates 17 & 18). In experimental 

garden when tea seedlings were inoculated with G. mosseae and subsequently cell 

suspension of B. pumilus was applied to these plants, excellent growth was noticed 

(Plate 19). Percentage increase in leaf number was also evident (Figure 10). Phosphorous 

solubilization following these treatment was also calculated ( Table 50) 



Plate 17: Effect of Bacillus pumilus and G.mosseae on growth of two year 
old pot ted tea plants 



Plate 18: Effect of B.pumilus, G.mosseae and coinoculation of B.pumilus and 
G.mosseae on growth oftwo year old potted tea plants 
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Plate 19(A& B): Untreated (Contro l) Tea plants (A) and plants inoculated with 
G.mosseae and treated with B.pumilus (B) 
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Table 50: Phosphate utilization, by tea plants following treatment with G.mosseae and 
B:pumilus 

Treatment Soil phosphate (Jtg/e: tissue) 
Control 49.373 ± 1.18 
B.pumilus 33.12° ± 0.57 
G. mosseae 31.25° ± 3.60 
B. pumilus+ G. mosseae 23.75° 
Average of3 replicates;±- standared Error; Difference between values significant at P= 0.01 
where superscript is different; not significant where superscript is same 

4.20. Disease assessment following treatments 

Tea plants (TV-18 and T- 17) inoculated with G. mosseae and B. pumilus singly or 

jointly and subsequently inoculated with U. zonata to assess disease development. 

Disease intensity was assessed as root rot index It was observed that both the treatments 

reduced the disease incidence in relation to untreated inoculated control. ( Figure 11 ). 

Another experiment was performed using all the potent microorganisms ( A. niger, B. 

pumilus and G. mosseae) as well as V AM product Josh applied to the plant singly and in 

combinations and then challenged with the pathogen ( U. zonata ). Disease assessment 

was made by calculating root rot index. Results ( Figure 12) revealed that reduction in 

disease intensity was always more in joint inoculation with PGPR (B. pumilus ) and G. 

mosseae or Josh ( V AM product) and B. pumilus ( PGPR). 

4.21. Biochemical changes in tea plants following application ofbioformulations 

An increase in phenol content was obtained in all treatments. However, Kalisena treated 

plants (TV -18 and TV -23) exhibited steady increase of phenolics (Figure-13). Maximum 

increase in phenolics was noticed in joint treatments of four varieties tested (TV-18, TV-

23, T-17 and TV-26) with Josh and PGPR (Figure 14). In another experiment with four 

varieties (TV-18, TV-26, TV-25 and T-17)were treated with Josh formulation. Glucanase 

and chitinase activities increased in Josh treated tea plants in relation to control (Figure 

15). When the plants were inoculated either with G. mosseae and B. pumilus separately or 

jointly and following these treatment the plants were challenge inoculated with U. zonata, 

the level of three defense enzymes (peroxidase, glucanase and chitinase) increased 

markedly. However, the increased rate of accumulation of these enzymes were noticed 

when the plants were co-inoculated with both G. mosseae and B. pumilus and then 

challenged with the pathogen (U. zonata ). The results have been presented in Figure 16. 
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4.22. Field application of G. mosseae and B. pumilus and plant growth 

Finally field application of AM fungus (Glomus mosseae) and PGPR (B. pumilus) singly 

or jointly was made in one selected plot of Tea Gennplasm Bank where twelve different 

tea varieties are being maintained. Tea plants were treated with both AMF and PGPR 

after pruning of the tea leaves. Excellent leaf growth was prominent in the field for those 

plants treated either with AMF or PGPR. However dual application resulted maximum 

growth (Plate 20). In another experiment in the field trial marigold plant was inoculated 

with G. mosseae and B. pumilus separately. Flower bud initiation was maximum along 

with the growth pattern of plants in both the treatment. However, PGPR application 

resulted in best flowering conditions (Plate 21) 

4.22.1 Catechins 

Catechins derived from leaves of plants whose rhizosphere was soil drenched with 

bacteria B. pumilus and inoculated with G. mosseae individually as well as dual 

application of both were analysed in HPLC. Results revealed in the B. pumilus treated 

tea leaves peaks intensity is high and few new peaks can be observed when compared to 

control (figure 17, 18; Table 51,52) Similar results can be observed in the G. mosseae 

inoculated tea leaves, peaks intensity is high and one very prominent peaks can be 

observed (Figuresl9; Table 53). Major changes in the peaks following bacterization and 

G. mosseae when inoculated together, here all the peaks are of high intensity and few 

new peaks can be observed with respect to control. (Figure 20; Table 54). 

Table 51: HPLC analysis of Catechins extracts from leaves of untreated tea plants 

Pick No. Ret time Area (mv.S_}_ He!ght_(mv) Area(%) Hei~ht(%) 

I 2.150 32.8467 4.299 0.010 0.065 
2 2.620 884.8221 23.468 0.283 0.355 
3 3.890 7656.5542 601.786 2.447 9.095 
4 4.500 2747.9053 111.081 0.878 1.679 
5 5.890 5808.0080 154.650 1.856 2.337 
6 7.680 4301.7337 198.085 1.375 2.994 
7 Control 8.360 2121.0916 76.457 0.678 1.156 
8 9.060 5868.1514 210.666 1.875 3.184 
9 10.120 782.7649 31.727 0.250 0.479 
10 10.520 956.4171 34.915 0.306 0.528 
11 11.790 58392.0233 986.706 18.660 14.912 
13 14.690 6993.7403 258.686 2.235 3.910 
14 16.120 32019.2394 981.295 10.232 14.830 



Plate 20(A-D): Field application of B.pumilus and G.mosseae on growth of tea 
plants. Contro l plots (A).Plants inoculated with G.mosseae (B); Plants treated 
with B.pumilus (C) and dual application ofG.mosseae and B.pumilus (D) 



Plate 21 (A-F): Field application of B.pumilus and G. mosseae on growth of 
marigold plants. Untreated contro l (A& 8). Plants inoculated with G. mosseae (C-E) 
and B.pumilus (D-F) 



Table 52: HPLC analysis of Catechins extracts from leaves of B. pumilus treated tea 
plants 

Pick No. Ret time Area(mv.S) Height(mv) Area(%) Height(%) 
1 3.000 533.9653 19.365 0.172 0.236 
2 3.420 951.7176 64.073 0.306 0.779 
3 3.860 6133.5504 621.490 1.974 7.559 
4 4.440 3776.2338 135.153 1.215 1.644 
5 5.730 10168.8955 408.078 3.273 4.963 
6 6.730 1036.6882 52.698 0.334 0.641 
7 7.500 4255.8639 147.582 1.370 1.795 
8 8.100 3996.8123 141.639 1.286 1.723 
9 

Treated 
8.760 4912.9617 123.339 1.581 1.500 

10 10.040 2694.0107 59.404 0.867 0.722 
11 

with 
11.520 64728.0004 992.513 20.833 12.071 

12 
B.pumilus 

13.090 3469.2315 91.235 1.117 1.110 
13 13.630 7343.2052 171.530 2.363 2.086 
14 14.590 5020.4748 204.134 1.616 2.483 
15 15.680 28249.8214 989.352 9.092 12.033 
16 16.740 35009.4416 988.600 11.268 12.023 
17 18.150 35306.9967 952.921 11.364 11.590 
18 18.440 43797.5820 987.336 14.096 12.008 
19 19.630 40439.0283 920.235 13.015 11.192 
20 21.260 8875.1528 151.601 2.858 1.842 
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Table 53: HPLC analysis of Catechins extracts from leaves of G. mosseae inoculated tea 

plants 

Pick No. Ret time Area (mv.S) Height (mv) Area(%) Height(%) 
1 2.480 475.3894 24.629 0.089 0.311 
2 3.120 17218.8853 997.074 3.228 12.577 
3 3.990 3604.7871 260.989 0.676 3.292 
4 4.610 5859.0140 212.786 1.098 2.684 
5 Inoculated 5.950 41722.2667 541.317 7.822 6.828 
6 with 7.800 20455.8179 305.019 3.835 3.847 
7 G. 9.550 51121.9293 712.538 9.584 8.988 
8 mosseae 12.370 128895.6883 980.621 24.164 12.369 
9 14.070 37264.4918 977.556 6.986 12.330 
10 16.050 34571.3428 974.012 6.481 12.286 
11 17.220 52108.0618 971.946 9.769 12.260 
12 18.550 140120.2215 969.566 26.268 12.228 



Table 54: HPLC analysis ofCatechins extracts from leaves of B. pumi/us and G. 

mosseae treated tea plants 
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Pick No. Ret time Area (mv.S) Heil!ht (mv) Area(%) Heil!ht ("/o}_ 
1 2.680 5778.0166 467.597 0.890· 5.137 
2 3.240 31952.9386 1009.981 4.921 11.096 
3 4.000 15194.7796 1009.398 2.340 11.089 
4 Treated 4.660 15925.3609 676.130 2.453 7.428 
5 with 5.110 3749.7174 222.369 0.577 2.443 
6 B.pumilus 5.930 37916.Q413 738.907 5.839 8.118 
7 & 8.110 32205.1821 327.824 4.960 3.602 
8 G. 9.790 26807.4281 640.050 4.128 7.032 
9 mosseae 12.660 128246.5328 1004.046 19.750 11.031 
10 14.270 48861.9702 1003.015 7.525 11.019 
11 15.200 32948.8814 1002.400 5.074 11.012 
12 17.960 269758.6119 1000.690 41.543 10.993 

4.23 Immuodetection of U. zonata and B. pumilus 

Mycelial antigen prepared from the pathogen ( U. zonata ) and antigen prepared 

from selected PGPR (B. pumilus ) were analysed initially by SDS-P AGE. The molecular 

weight of protein bands visualized after staining with coomassie blue were determined 

from the known molecular weight marker. Mycelial protein exhibited 19 bands in SDS

PAGE ranging in molecular weight (Ca. 97.4 kDa) and bands were of varying intensities 

and more proteins of lower molecular were present ( Plate 22, fig. C) . Antigen prepared 

from B. pumilus was resolved in SDS-PAGE (Plate 23, fig.A) before production of 

polyclonal antibodies against the tea root pathogen ( U. zonata ) and PGPR ( B. pumilus 

). Effectiveness of each antigen in raising antibodies were checked initially using agar gel 

double diffusion technique. Strong precipitation reactions were noticed in 

immunodiffusion tests ( Plate 22, fig. A; Plate 23, fig. B). Western blot analysis of 

mycelial antigen of U. zonata was perfomed using PAb of the pathogen (Plate 22, fig. C). 

Dot immunobinding assays using antigens of both U. zonata and B. pumilus were also 

standardized (Plate 22, fig. D; Plate 23, fig. C). 
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4.23.1. Immunodetection of U. zonata in soil 

In order to determine whether P Ab of U. zonata could detect the pathogen in soil, 

samples were collected from various locations including several tea estates. Antigens 

were also prepared from ame~ded soil infested with the propagules of U. zonata either in 

field condition or in pot condition, in this investigation, antigens were prepared from 

samples from root rhizosphere soil and tested against the PAb of U. zonata. These were 

serologically assayed using PTA-ELISA formats. Results have been presented in Table 

55. Soil samples 4 and 8 gave high absorbance value indicating the presence of pathogen. 

Table 55: PTA- ELISA responses of different soil antigens with PAb of U. zonata 

Soil sample absorbance at 405 

0 0.485 

1 0.362 

2 0.552 

3 0.443 

4 0.845 

5 0.584 

6 0.790 

7 0.468 

8 0.922 

9 0.534 

Mycelia of U. zonata 2.567 

P Ab concentration (mycelia) - 40 ~tg/ml 

Soil antigen-0= control, 1 = sterile soil, 2-9= soil collected from different polts. 



Plate 22(A-F): Serological assay using PAbs of Ustilina =onata. Agar 
gel double di ffusion(A), Undirect immunofluroscence of mycelia using 
FITC(B), SDS-PAGE and western blot analysis of mycelial antigen(C), 
Dot immunobinding assay( D) and immunocytochamical staining of tea 
root tissue infected U.=onata probed with PAbs of the pathogen(E&F) 
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Identification of U. zonata propagules in artificially infested and non infested root 

rhizosphere soil was also carried out through dot immunobloting reaction. Soil antigens 

were prepared from soil samples from U. zonata amended soil and different locations 

including tea gardens and reacted with P Ab of U. zonata. Among the collected soil 

samples only two samples 4 and 8 showed positive reactions, though dots were of low 

intensity in another two samples, either no dots could be detected or the reactions were 

very weak (Table 56; Plate 22 fig. D) 

Table 56: Dot.immunobinding assay of different soil antigens with P Ab of U. zonata 

Soil antigen 

1 
2 
3 
4 
6 
7 
8 
9 
10 

color intensity 

± 
+ 

+ 

± 

a= Fast red color intensity: + Pinkish red; ± Faint; -no reaction; IgG cone. 40 J.lg/ml 
Soil antigen-!= control, 2= sterile soil, 3-1 0= soil collected from different plots 

4.23.2. Detection of U. zonata in infected tea root tissues 

To detect the pathogen in host tissues a number of immunodetection assays have 

proved effective where antisera raised against the pathogen reacted with antigens of 

infected material to give high absorbance values. These include ELISA, Western Blot and 

Dot Blot analysis. To detect U. zonata in infected tea root tissues indirect 

immunofluorescence was done. Cross section of the infected tea root tissues were probed 

with P Ab of U. zonata and immunocytochemical staining was done. Microscopic 

observation was made. Fungal infection in epidermal and cortical tissues were evident 

( Plate 22, figs E&F). 
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4.23.3 Dectection of B. pumilus in soil 

The sustainability of applied bacteria in the_ tea rhizosphere was determined by 

ELISA. Different soil antigen was tested against PAbs of B. pumilus. The results revealed 

that bacteria could successfully survive in the tea rhizosphere even after 3 months of 

inoculation. Maximum A405 values were obtained from the soils collected soon after 

application of bacteria. The values reduced to some extent with time, through even after 3 

months, these were still detectable at fairly high concentrations (Table 57). It was also 

noted that bacteria survived equally well in rhizosphere when applied individually or in 

combination. 

Table 57: Detection of survival of B.pumilus in soil after direct application using 
PTA-ELISA format 

Antigen source Absorbance at 405nm 
Rhizosphere 
soil from 

Uninoculated Time after bacterial application 
Immediate 15 days 3months 

TV-18 0.350±0.06 1.131±0.03 1.023±0.07 0.906±0.06 
TV-26 0.442±0.08 1.274±o.09 1.052±00.9 0.911±0.02 
T17 0.340±0.03 1.165±0.08 1.112±0.17 0.998±0.11 
Average of 3 replicates; P Ab d1lutron; 1 :500; ± S.E 

Dot immunobloting technique is rapid and sensitive method for detection of 

survival of bacteria in the soil. The presence of bacteria in the soil was detected by this 

technique using the antigen from rhizosphere soil inoculated with bacteria and PAb raised 

against the bacterium. Results revealed that when antigen dots reacted with P Ab of 

B.pumilus, colour intensity was highest when soil antigen was prepared soon after 

bacterial application (Plate23,figE). With time, the intensity decreased markedly 

( Plate 23, figs G-1). Dot-blot was also used for detection of pathogen in soil. When the 

antigen prepared from the rhizosphere soil amended with B. pumilus and inoculated with 

pathogen (U: zonata) and probed with PAb of B. pumilus, violet coloured dots were 

visible indicating the presence of PGPR (Plate 23,fig.F). Survival of B. pumilus as 

evident on dot blots clearly indicates the inability of pathogen to survive in presence of 

PGPR. Colony blot transfer from isolated bacterial colonies grown on NA plates and 

probed with PAb of B. pumilus confirmed the identity of microrganism (Plate 23, fig D). 
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Plate23(A-1): SDS-PAGE analysis of soluble proteins (A) and serological 
assay of B.pumilus (B-1), Agar gel double diffusion (B), DOT immunobinding 
assay(C), Colony blot hybridization of (D), DOT immunobinding assay of 
rhizosphere soil of tea plants treated with B.pumilus and probed with PAbs of 
B.pumi/us 



Discussion 
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In agricultural management one of the most important goals is to ensure the crop of 

enough nutrients and to prevent it from diseases. Traditionally, these goals have been 

achieved by using pesticides and a high input of fertilizer. However, these management 

practices lead to a high loss of biodiversity, since soil microorganisms play an important 

role in nutrient cycling and can reduce diseases, a new approach is to manage the system 

by increasing the soil biodiversity. Available evidence suggests that plants and 

rhizosphere organisms function in an interdependent fashion. Rhizosphere organisms 

depend on plants for continuous supply of reduced carbon and are recognized as playing 

a significant role in nutrient cycling, thus exerting an influence on plant growth. The 

increase in the soluble carbon in soil sections close to the root surface is related to the 

rhizodeposition of root exudates that include low molecular weight organic acids, 

carbohydrates, nucleic acids derivatives and amino acids. Microorganisms in turn 

contribute to the availability and mobilization of nutrients, production of growth 

regulators, phototoxic substances or by suppression of pathogens and pollutants added to 

soil. 

Nearly 5-23% of all photosynthetically fixed carbon is being transferred to the 

rhizosphere through root exudates (Marschner, 1995).an increase in root exudation of 

organic solutes could affect the rate of phyto-siderophore release. In turn, rhizosphere 

microorganisms may interact symbiotically with roots to enhance the potential for metal 

uptake (Yang Ching et a!., 2000). 

Rhizosphere bacteria can have a profound effect on plant health. Rhizosphere 

colonization is important not only as the first step in pathogenesis of soil borne 

microorganisms , but also is crucial in the application of microorganisms for beneficial 

puposes (Lugtenberg et a!., 2001); most significant among these applications are 

biofertilization , phytostimulations, biocontrol and phytoremediation( Lugtenberg, 2000). 

The prospect of manipulating crop rhizosphere microbial populations by inoculation of 

beneficial bacteria to increase plant growth has shown considerable promise in laboratory 

and greenhouse studies, but responses have been variable in the field ( Basnayake and 

Brich, 1995). 

Although non chemical control of pests and diseases seems an attractive option in 

sustainable agricultural systems, its practical application is severely constrained by lack 
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of reproducible results in comparison to the use of agrochemicals. The biotic and abiotic 

factors in _the environment, which influence the efficiency of pathogen suppression, are 

not well understood. Nevertheless it is known that some soil become suppressive to 

fungal, bacterial and nematode pests when susceptible host plants are grown continuously 

for several years and there is evidence that this is due to the development of soil 

biological communities which inhibit pests survival or infection of the hosts. 

Keeping the above in mind, the present study was undertaken in order to select 

potential microorganisms from tea rhizosphere and make detailed studies so that one or 

more of such microorganisms could be used as PSF and PGPRs. Large number of 

microorganisms were isolated from the rhizosphere of tea plants growing in Temi Tea 

Estates ( hilly terrain of Sikkim). The population of microorganisms was found to be 

maximum in 35-40 year old plants and minimum in 10 year old bushes. Population of 

V AM spores were also determined, and compared with V AM spores rhizosphere of tea 

growing in the plains. In the present study among the population of AM spores Glomus 

sp. was one of the largest genera found in hill soil and also in plains soils and was further 

identified by following Taxonomic keys develop by Gerdemann and Trappe (1974), 

Trappe and Schenck (1982) and Hall (1984). The Glomus mosse selected for further 

experimental purposes 

In the present study, among isolated fungal and bacterial genera Aspergillus sp. 

and Bacillus sp. were the dominant genera respectively. The isolated bacteria and fungi 

were tested against root rot pathogens- Ustulina zonata, F omes lamaoensis, and 

Sclerotium rolftii for determining antagonistic activity. From among all the samples 

tested two fungal and two bacterial isolates were initially selected which showed 

maximum antagonistic activities. Besides antagonistic study, phosphate solubilizing 

activity of antagonistic isolates was also tested in Pikovaskaya's solid and liquid medium. 

The isolate Ttf 4 and Ttb 14 showed maximum phosphate solubilization then other tested 

isolates. On the basis of both antagonistic tests and phosphate solubilization the fungal 

isolate Tt4 was identified as Aspergillus niger based upon its colony morphology, spore 

characteristics and microscopic studies. The bacterial isolate Ttb 14 was identified as B. 

pumilus on the basis of its morphological and biochemical tests. They were further 

selected for various experiments. 
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The abundance, diversity, and distribution of native population and inoculants 

strains in agricultural fields have been characterized using a variety of methods. 

Screening of rhizosphere micro flora for antagonism against pathogenic fungi in order to 

select suitable biocontrol agents has also been previously reported by a large number of 

workers. Kobayashi et a!. (2000) isolated three bacteria showing antagonism to 

Rhizoctonia so/ani from the rhizosphere soil of different crops which they identified as 

Pseudomonas flurescens, Bacillus cereus and B. pumilus. In another study, 11 Bacillus 

pumilus isolates were evaluated by Bargabus et a/. (2004), of which 2 strains were found 

to be most effective against Cercospora beticola. The potential of various isolates of 

Bacillus pumilus has thus been recorded previously also. 

Some of the phosphates solubilizing bacteria are found antagonistic to plant 

pathogens; the combinations of the two attributes will be of great advantage in crop 

production. In this present scenario, eco-friendly alternative strategies such as use of 

bacteria from phylloplane rhizosphere and endophytic bacteria have been explored by 

Mondo! eta!. (1999), Saha eta/. (2001) and Bhowmik eta/. ( 2002); Chakraborty eta/. 

(2008) in a similar study isolated fifty four Aspergillus spp. form soils of agricultural 

fields of North Bengal out of which 70 fungal isolates showed phosphate solubilizing 

activity. Further, quantitative evaluation of phosphate solubilization in liquid medium 

supplemented with two phosphate source (tricalcium phosphate and rock phosphate) was 

done. Three isolates of Aspergillus niger (ES/L-04, RS/P-05 and FSIL 40) showed high 

levels of activity. The next best were five isolates of A. melleus (RHSIR-2.FSI L-13, 

RS/P-14, FS/L-17 and FSIL-18). One isolates of A. clavatus (RHS/P-38) showed a 

minimum phosphate solubilization activity. Nine phosphorous solubilizing Aspergillus 

isolates were tested for their effect on growth and nodulation in soybean plants. 

At the onset, the optimum conditions of the growth of the selected bacterium and 

fungus were determined. The bacteria grew best between 35° C in nutrient broth medium 

at pH 6 followed by incubation at 4 day shows maximum growth. Kobayashi et a/. (2000) 

observed that Bacillus cereus isolates 96 and B. pumilus isolate 235 have an optimal 

temperature for growth at 30° C but survived even at 41 o C and 50 o C respectively. One 

advantage of Bacillus sp. is their ability to form spores which are long lived and are 

resistant to heat and desiccation (Osbern et a/. 1995). Umamaheswari et a!. (2003) 
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assessed the growth of different strains of fluorescent pseudomonads under different pH 

and temperature conditions. Optimum pH for the different strains ranged between 6 and 

7. While A. niger grew best PDA and PDB in pH 4.5 almost no growth at pH2 and 

pHlO, with regard to temperature 30 o Cis optimum for its growth .. 

As A. niger and B. pumilus can suppress root pathogen in dual culture technique 

in laboratory condition, the potential of the selected bacterial and fungal isolates in plant 

growth promotion and disease suppression, in vivo experiments were carried out on tea 

plants which are perennial and also on annual plants, like marigold, and soybean. 

Different varieties of tea plants were selected starting from young seedlings in nursery to 

two year old. Significant promotion of growth was obtained in seedlings, as well as in 

two year old plants after applications with PSF and PGPR. Besides tea, in the present 

study, both A. niger and B. pumilus increase growth in soybean and flowering in 

marigold. Results thus revealed that plant growth is promoted by the rhizobacteria and 

fungus in both annual and perennials. They could to some extent reduce charcoal stump 

root rot intensity caused by U. zonata. (Hazarika et al,, 2000) reported that Antagonistic 

rnicroflora, viz. Trichoderma viride, Trichoderma harzianum, Gliocladium virens, 

Bacillus subtilis and Pseudomonas fluorescens have been evaluated earlier against 

Ustulina zonata, causing charcoal stump rot disease of tea. All antagonistic rnicroflora 

were most effective in inhibiting the mycelial growth of U.zonata in dual culture. 

In vivo tests carried out by Chakraborty et al. (2004), with S. marcescens revealed 

that application of bacterium, either as soil drench to two year old potted plants, or to 

seedlings at the time of transplantation, increased plant growth of tested tea varieties. It 

also decreased brown root rot and stem canker diseases of tea, caused by F. lamaoensis 

and P. hypobrumea. 

• 
In a similar way isolated G.mosseae were tested for their effect on growth, 

development and to disease suppression in tea plants. Results shows positive effects after 

treatments. The most recoguized AMF potential to mobilize plant nutrients, specially 

phosphorous is one among the many functional attributes that qualify them to be the plant 

growth promoting microorganisms par excellence. Soil inhabiting pathogenic 

microorganisms have coevolved with AM fungi and have been exposed to the 

mycorrhizal condition of roots over thousands of centuries as evidenced by the very fact 
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that root disease causing pathogens have successfully adopted to parasitize mycorrhizal 

roots (Graham, 2001). AM fungi, on the other hand, el).courage the plant roots to rapidly 

absorb solubilized (Kucey, P. et al. 1989). Advantage of AM spores is it do not easily 

loose their viability, and germinate again, so once applied to the field, the spores will 

adhere to the soil lattices and proliferate thus increasing the efficiency of the soil V AM, 

is an excellent soil aggregator, it changes the macro compounds into micro compounds 

which can be easily assimilated by the plant, hence the plant health will increase 

vigorously. The results obtained in the present investigation have pointed to the possible 

use of a combinatiml of two or more products commercially in tea plantatiGus to increase 

productivity and yield without the use of additional chemical inputs. 

In the present study, the selected bacterium and fungus which showed 

antagonistic behaviour were tested in vitro for other properties related to plant growth 

promotion and disease suppression mechanism. Results revealed that B. pumilus could 

solubilize phosphate followed by drop in pH, and produce siderophores and volatiles as 

well as sufficient amount of IAA. However no HCN was produced and A. niger could 

also to solubilize phosphate, produce Siderophores and volatiles. Ability of bacteria and 

fungi to solubilize phosphate is an important criterion when considering their use as 

biofertilizers. In a similar study, it was reported that Aspergillus and Penicillum isolated 

from agricultural soil showed a maximum level of phosphate solubilization activity in 

vitro when liquid medium was supplemented with both tricalcium phosphate and rock 

phosphate separately (Pradhan and Sukla 2005). Acid production and drop in the pH of 

the medium have been reported in earlier studies (Alia 1994; Whitelaw 2000). Though 

the drop in pH was from 7 to 3.2 in our study, no significant relationship could be 

established in terms of phosphate solubilization and drop in the pH of the liquid medium. 

A greater part of soil phosphorous (95-99) % is present in the form of insoluble 

phosphates and cannot be utilized by the plants (Vassileva et al. 2001). However, many 

soil fungi and bacteria are known to solubilize these inorganic phosphates (Illmer and 

Schinner 1992). 

In another study it was reported that A. niger was one of the most efficient 

phosphatase producing fungi among many PSFs screened for efficiency; it was also 

observed that the reduction of the pH of the medium was maximum with A. niger isolate 
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which efficiently hydrolyzed different compounds of organic phosphorous (Tarafdar et 

al. 2003) Solubilization of dicalcium phosphate and tri-calci1!111 phosphate by 

thermophilic bacteria, actinomycetes and fungi was investigated by Sujatha et al. (2004). 

In general dicalcium phosphate was solubilized more readily then tricalcium phosphate. 

Bacillus stearothermophilus, Thermoactinomyces sacchari, Thermomonospora sp. a 

Malbranchea pulchella var. sulforea proved to be good phosphate solubilizers which 

coluld exploited for phosphate solubilization. (Mikanova and Novakova 2002) reported 

that microbial solubilization of hardly soluble mineral phosphates in soil is an important 

process in natural ecosystem and in agricultural soil. (Iman 2008) isolated Aspergillus 

niger and Penicillium italicum from the soil and rhizosphere of different plants. They 

were tested for their efficacy to solubilize tri-calcium-phosphate (TCP) in vitro as well as 

their effect in vivo to promote the growth of soybean (Glycine max L.) plants grown in 

soil amended with TCP. The results showed high solubilizing index in agar plates. Also, 

they effectively solubilized TCP in Pikovskaya's liquid medium (PVK) and released 

considerable amounts of P into medium. The efficacy of Penicillium italicum to 

solubilize and release the inorganic P was 275 Jlg P mi-l whereas Aspergillus niger 

showed better efficiency and produced 490 11g P mi-l after seven days of incubation. 

(Chen 2006) advocated that the ability of a few soil microorganisms to convert insoluble 

forms of phosphorus to an accessible form is an important trait in plant growth-promoting 

bacteria for increasing plant yields. 

(Machuca et al. 2001) demonstrated that fungi such as Trametes versicolor and 

Wolfiporia cocos produce hydroxamate derivates and oxalic acid. W cocos was positive 

in the CAS assay and it was found to produce siderophores in liquid medium with a 

simultaneous pH drop to 2.5 due to a high concentration of oxalic acid accumulated in the 

culture broth. Siderophore production by various fungi was shown on modified CAS 

agar- plate assays (Milagres et al. 1999). Bearing in mind that some of these fungi 

solubilize rock phosphate, presumably by releasing metal- chelating metabolites 

(V assilev et al., 2006a), we can expect their application as biocontrol microorganisms 

with simultaneous P- solubilizing activity. Cell wall degrading enzymes, such as~- 1, 3-

glucanases, cellulases, proteases, and chitinases are known to be involved in the activity 

of some microorganisms against phytopathogenic fungi (Ordentlich et al., 1988; Shapira 

et al. 1989; Harman et al. 1993; Chernin et al., 1995; Dunn et al. 1997). Particularly, 
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microbial chitinases have attracted attention as potential enzymes to control 

phytopathogenic fungi and insect pests (Stleger et a!., 1986; Roco and Perez, 2001). 

Fungal microorganisms, such as A. niger and Ph. Chrysosporium, were shown to degrade 

intact fungal melanin present in phytopathogens (Butler et a!., 2005). 

Disease suppression is attributed to the general microbial activity of the compost 

microflora. However, additional inoculation with other beneficial microorganisms 

including P- solubilizing microbial cultures proved successful (Zayed and Abdel- Motaal 

2005). 

Productions of volatile compound by bacteria have also been shown to be an 

important mechanism of plant growth promotion. Siderophores are low molecular weight 

molecules that are secreted by microorganisms to take up iron from the environment 

(Hofte 1993) and their mode of action in suppression of disease were thought to be 

solely based on competition of iron with the pathogens (Bakker et al. 1993; Duijff, 1999). 

Interestingly siderophores have also been shown to induce systemic resistence( Leeman 

eta!. 1996; Bakker eta!. 2003b). Siderophore producing bacteria were also isolated from 

tea rhizosphere previously. Saikia and Bezbarua (1995) isolated Azotobacter from iron 

rich tea garden acid soil which was demonstrated to produce siderophore . Bezbarua et a! 

(1996) further isolated two Pseudomonas strains from tea rhizosphere which produce 

siderophore and inhibited growth of F. lamaoensis. Pseudomonas putida and P. 

fluorescence were shown to produce siderophores (Torres- Rubio et at. 2000). (Jagadeesh 

and Kulkarni 2003) reported that of 38 rhizobacterial strains isolated from tomato which 

showed antagonism to Alstonia solanacearum, 23 were siderophores producers. These 

include the ability to produce siderophores that chelate iron, making it unavailable to 

pathogens; the ability to synthesize antifungal metabolites such as antibiotics, fungal cell 

wall-lysing enzymes, or hydrogen cyanide, which suppress the growth of fungal 

pathogens; the ability to successfully compete with pathogens for nutrients or specific 

niches on the root; and the ability to induce systemic resistance (Bashan and Holguin, 

1998; Cornelis and Matthijs 2002). Biochemical and molecular approaches are providing 

new insight into the genetic basis of these traits, the biosynthetic pathways involved, their 

regulation, and importance for biological control in laboratory and field studies (Bashan 
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and Holguin. 1998; Basnayake and Birch, 1995; Castillo et a!., 2000; Cornelis and 

Matthijs, 2002). 

In a previous work, it was also shown that Bacillus megaterium cloud effectively 

control brown root rot of tea caused by Fornes lamaoensis (Chakraborty eta!. 2006). 

PGPRs have been reported to directly enhance plant growth by a variety of 

mechanisms; fixation of atmospheric nitrogen that is transferred to the plant, production 

of siderophores that chelate iron and make it available to the plant root, solubilisation of 

minerals such as phosphorus, and synthesis of phytohormones (Castillo et a/. 2002). 

Direct enhancement of mineral uptake due to increases in specific ion fluxes at the root 

surface in the presence of PGPR has also been reported ( Ait Barka eta!. 2000; Bais eta/. 

2004). PGPR strength may us one or more of these mechanisms in the rhizosphere. In 

the present study, of the 18 fungal isolates only 5 and among the 19 bacterial isolates 

only5 shows phosphate solubilizing activity. The fungal isolates (Ttf4) shows maximum 

halo zone and bacterial isolates (Ttb14) shows maximum halo zone. 

It is apparent from the results of the present study as well as studies by a large 

number of previous workers that PGPRs and PSF have the ability to promote growth in 

plants, which in many cases is associated with pathogen suppression in soil (Chanway et 

a!. 2000; Castillo et a/2002).PGPRs and PSF secrete one or more metabolites in the soil 

which then elicits the observed response in the host. Thus, these microorganisms or their 

products have the ability to elicit responses at molecular level which would include 

activation of a number of metabolic path"Yays in the host, the end product of which is 

fmally expressed as increased growth of plants or reduced disease. ISR is effective 

against different types of pathogens but differs from SAR in that the inducing PGPR does 

not because visible symptoms on the host plant (Van Loon et al., 1998). (Pieterse eta/. 

2002) confirmed that to protect themselves from the disease, plants have evolved 

sophisticated defense mechanisms in which the signal molecules salicylic acid, jasmonic 

acid and ethylene often plays crucial roles. The phenomenon of systemic acquired 

resistance (SAR) suggests that there is a signal that originates at the site of elicitor (biotic 

or abiotic) application and moves throughout the plant. The activation of SAR turns the 

compatible plant-pathogen interaction into an incompatible one, reported by (Uknes et 

a/. 1992). This resistance was correlated with the accumulation of pathogenesis related 
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(PR) proteins, generally assumed to be markers of defense response added by (Ward et 

ql. 1991). 

Competition for colonization sites and nutrients, scavenging nutrients, niche 

exclusion, production of anti- fungal compounds, excretion of Siderophores, growth 

inhibition via the production of bacteriocins and antibiotics, and induction of plant 

resistance have been the mechanisms involved in the disease suppressions reported by 

(Ongena et al. 2002). 

Strains isolated from naturally disease - suppressive soils, mainly fluorescent 

Pseudomonas spp. have been demonstrated to reduce plant diseases by suppressing soil

borne pathogens. Some of these biological control strains are also able to reduce disease 

caused by foliar pathogens by triggering a plant mediated resistance mechanism called 

induced systemic resistance (ISR). The potential of PGPR in relation to improved tea 

growth has also been recognized by (Pandey et al. 2000; Pandey and Palni (2002). 

The major components analyzed in tea leaves in present study were defense 

enzymes, polyphenolics, proteins, chlorophyll and catechins. In all tested varieties 

defense related enzymes viz. chitinase (CHT), ~-1,3- glucanase (GLU), peroxidase (PO), 

phenylalanine ammonia layse (PAL), as well as phenolics increased significantly, 

especially in presence of the pathogen. In a similar study, two isolates of B. pumilus were 

reported to be best plant growth promoters and biocontrol agents downy mildew disease 

in pearl millet (Niranjana et al. 2003). They also reported increased activities ofP AL, PO 

and ~-1, 3- glucanase (GLU), but not of (CHI) activity. Induction of defense related 

enzymes by P jlurescens in black pepper and Phytopthora capsici pathosystem was 

reported by ( Paul and Sharma 2003). They obtained increased level of PO, PAL, PPO 

and Catalase in leaves apart from root of treated plants indicating the systemic protection 

offered to black pepper by PGPR strains. Peroxidase and polyphenol oxidase are 

important components of the defense mechanism of plants against pathogens. 

Accumulation of defense enzymes such as PAL, PPO, PO, in tea varieties 

following inoculation with U. zonata were determined. PPO usually accumulated 

following inoculation of plants. Among all the stress related enzymes, the role of 

peroxidese has been most thoroughly worked out. PO is a metallo- enzyine containing 

porphyrin bound iron. The enzyme acts on a wide range of substrates including phenols, 
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aromatic amines, amino acids and inorganic compounds. These are ubiquitous to plants 

and are characterized by a large number of isozymes. The induction of PO activity by 

pathogens and methyl jasmonate and existence of multiple molecular forms of peroxidase 

in tea has also been reported (Sharma and Chakraborty, 2004). Previous reports indicate 

that oxidative enzymes such as PPO and PO as well as those involved in phenolic 

biosnthesis such as PAL are involved in defense reaction in plants. (Bhattacharya and 

Ward 1987) reported that PAL activity in soybean was enhanced in the resistance 

response of soybean hypocotyls to Phytophthora megasperma. Considering that PAL is a 

key enzyme in the' biosynthesis, not ouly of phytoalexins, but also of phenolics 

compounds have been associated with resistance responses in various host plants, it may 

be suggested that activity of PAL could be useful indicators of the activation of defense 

enzymes. 

Flavonoids play an important role in growth, development and defense against 

microorganisms and pest (Dixon et al , 1999) and are involved in production of 

phytoalexins, act as UV protectants insect repellents and signal molecules in plant 

microbe interaction.(Winkel et al., 2001). Besides, they also function as complex 

polymeric constituents of the leaf surface and support structures such as suberin, lignin 

and other cell- wall components (Dixon et al., 1999). 

No significant changes in protein content was observed by treatments. 

Chlorophyll content however increased with the application. Catechins are major flavor 

flavonoid components of tea and their quantitative changes with respect to different 

isomeric forms were analyzed by HPLC. It was observed that the treatment with the 

bacteria induced some new isomeric forms. Since tea leaves produced for their flavours 

enhancement of catechins isomer point to the fact that these are also enhanced during 

plant growth promotion. 

Phenols are also known to play definite roles in a plant defense ( Panwar and 

Vyas, 2002). Considering this in the present study phenol contents of the healthy PGPR 

treated, artificially inoculated (U: zonata) plants were determined. It has been reported 

previously that quinines in plant tissues react with proteins to form melanin and other 

tannins leading to the discoloration of damaged tea leaves. Many studies have 

demonstrated the importance of phenolic compounds in plant defense. In general, plant 
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phenolics have a diverse range of biological activity, depending on their structure, degree 

of polymerization; stereo isomeric differences etc. Interaction between phenolir; 

compounds and environmental conditions detennines their action. Polyphenols have a 

distinctive ability to engage in molecular recognition, or formation of intermolecular 

complexes with each other and with other molecules ( Haslam, 1999). In the present 

study, total phenol content decreased with pathogen infection. However PAL activity 

increased significantly. The level of antifungal phenolics (pyrocatechol) in healthy and U. 

zonata infected tea varieties were estimated. Alteration of phenol metabolism following 

fungal infection has been observed in many disease and phenolics have been implicated 

in the defense reaction in several instances (Mahadvan, 1991). The involvement of 

phenol in the defense strategies of tea plants against foliar fungal pathogen (Bipolaris 

carbonum, Pestalotiopsis theae, Glomerella cingulata) has been described by 

(Chakraborty et a!. 1995). Biochemical responses to tea plants exposed to biotic stress 

due to blister blight infection caused by Exobasidium vexans in the levels of phenols and 

enzymes activities were studied. (Sharma and Chakraborty, 2004). 

The efficiency of eight arbuscular mycorrhizal species collected from rhizosphere 

soil of Moringa concanecsis from Indian Thar desert was tested. Mycorrhizal 

colonization resilted in increased accumulation of nutrients, chlorophyll, carotenoids, 

sugars and proteins. Among the eight AM fungi used, Gigaspora margarita ( Becker & 

Hall) proved to be the most efficient. (Panwar and Vyas, 2002). 

Since the isolated bacteria and fungi inhibited the growth of one or more fungi in 

vitro, it was expected that they would produce antifungal compounds. Keeping this in 

mind, active principles responsible for growth inhibition were extracted both from whole 

cells and cell free culture filtrates. It was observed that extracts from whole cells as well 

as cell free culture filtrates could inhibit spore germination and growth of several test 

fungi. Besides, the cell free culture filtrate was also extracted with various solvents and 

bioassayed. Though inhibition was obtained in most of the fractions, maximum inhibition 

was obtained in diethyl ether fraction of the bacteria. Results indicated that the antifungal 

compounds present in the bacterial and fungal cells were secreted into culture and these 

were solvent extractable. (Kyong and Dal 2003) also obtained an antifungal antibiotic 

from B. megarterium KL 39, which was isolated from a local soil of Korea. The crude 
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extract was reported to be active against a broad range of phytopathogenic fungi 

including Rhizoctonia so/ani, Monilinia . fruticola, · Botrytis cinerea, Alternaria 

KiKuchiana, Fusarium oxysporium and F.solani. They suggested that this antibiotic had 

a powerful! biocentrol activity against red pepper phytophthora blight disease. In an 

earlier study, (Chakroborty et al. 1998) extracted an antifungal compound from 

Micrococcus luteus which was originally isolated from tea phyllosphere. This compound 

also showed maximum activity in diethyl ether. In a similar study, using microorganisms 

from tea rhizosphere, (Barthaur and Bezbaruah 1997) isolated an antifungal compound 

from Proteus strain. This was shown to inhibit growth of several Fusarium sp. as well as 

tea root rot pathogens F.lamaoensis and U.zonata. it was also reported by (Kobayashi et 

a!. 2000) that inhibition of R. so/ani by P. flurescens, B. ceres and B. pumilus was due to 

production and secretion of at least one antibiotic. Antifungal metabilites were also 

extracted from P. fluorescens and B. subtilis which inhibited growth of Pythium 

aphanidermatum and had maximum peak absorption of 200 mn (Kabitha et al. 2003). It 

is clear from the results of the present study and that of previous workers that different 

species of Bacillus produce various antifungal metabolites in culture. 

As no microorganism survives individually in the soil they would no doubt be 

interacting among themselves in the rhizosphere,some of which would be antagonistic 

and some would be synergistic. In present study in vivo experiments were carried out in 

tea plants in order to find out the effect of dual application of G. mossae, B. pumilus, and 

A. niger results revealed that compared to individual treatment the effects of dual 

application shows good results. AM fungi and bacteria can interact synergistically to 

stimulate plant growth through a range of mechanisms that include improved nutrient 

acquisition and inhibition of fungal plant pathogens. These interactions may be of crucial 

importance within sustainable, low- input agricultural cropping systems that rely on 

biological processes rather then agrochemicals to maintain soil fertility and plant health.( 

Artursson, et al.2006). The synergistic effects of plant growth-promoting rhizobacteria 

and an arbuscular mycorrhizal (AM) fungus (Glomus fasciculatum) on plant growth, 

yield and nutrient uptake of sorghum plants were determined in field conditions by 

Mathur et al. (2009). 
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Direct contact between the spores and bacteria was necessary for the induction of 

spore germination in Glomus clarum ( Xavier & Germida, ;1003), indicating a ligand -

receptor interaction betweem the two microbes. 

Uses of bacterial consortia have sometimes shown to be better option than single 

ones especially when being applied as formulation. (Tilak et a!., 2006) observed that dual 

inoculation of pigeon pea with PGPR including P. jluorescens and B. cereus along with 

Rhizobium sp. increased growth nodulation and nitrogenous activity by various degree. 

They reported that the combination of Rhizobium sp. with Azotobacter chroococcum or 

Azospirillum brasilens registered a marginal but non significant increase over inoculation 

of Rhizobium alone. Most of the previous work in plant growth promoting rhizobacteria 

had focused on two genera- Pseudomonas and Bacillus and hence several reports are 

available regarding the PGPR activity of these two bacteria in greenhouse experiment 

soybean plant growth and nodulation was obtained from the culture supernatant of 

Serratia proteamaculans strain 1-102. As tea is cultivated mainly for its leaves, the 

induction of new shoots and more leaves have great impact in considering plant growth 

promoton. (Rao and Shukla 2002) observed that in water logged condition (+ 0.6 MPa 

level) the growth of seedlings, total N and P content, percentage of endomycorrhizal 

colonization, nitrogenase and NH3 assimilating enzymes were found to be maximum in 

seedlings raised after dual inoculation with Azospirillum brasilense and Glomus mossae 

as compared to Azospirillum alone. (Chakraborty et a!. 2009) also evaluated one of the 

PGPRs, Ochrobactrum anthropi TRS-2 isolated from tea rhizosphere and its talc based 

formulation for growth promotion and management of brown root rot disease of tea 

caused by Phellinus noxius. 0. anthropi could solubilize phosphate, produce siderophore 

and IAA in vitro and also exhibited antifungal activity against six test pathogens. 

Application of an aqueous suspension of 0. anthropi to the rhizosphere of nursery grown 

tea seedlings of five varieties of tea (TV-18, T-17, HV-39, S-449 and UP-3) led to 

enhanced growth of the treated plants, as evidenced by increase in height, in the number 

of shoots and number of leaves per shoot. Treatment with 0. anthropi also decreased 

brown root rot of tea. Multifold increase in activities of chitinase, ~-1 ,3- glucanase, 

peroxidase and phenylalanine ammonia lyase in tea plants was observed on application of 

0. anthropi to soil followed by inoculation with P. noxius. A concomitant increase in 

accumulation of phenolics was also obtained. Further, talc based formulation of 0. 
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anthropi was prepared and its survival determined every month up to a period of 12 

months. 0. anthropi could survive in the formulation up to a period of 9 months with a 

concentration of7.0 log10 CFU g-1, after which there was a decline. Talc formulation was 

as effective as aqueous suspensions in both plant growth and disease suppression. 

Two tea rhizosphere microorganisms, Bacillus megaterium and Ochrobacterium 

anthropi inhibited the growth of four tea pathogens (Fornes lamaoensis, Sphaerostilbe 

repens, Poria hypobrumea and Sclerotium roulfoii) to a certain degree in both solid and 

liquid medium. Application of B. megaterium and 0. anthropi, either singly or in 

combination, to rhizosphere of Camellia sinensis promoted growth of seedling 

significantly, but the dual application was more affective. Besides, the bacteria could also 

control brown root rot of tea, caused by F. lamaoensis, B. megaterium was more effective 

than 0. anthropi. Root colonization by the bacteria, followed by challenge inoculation 

with the pathogen, induced activities of defense enzymes ~-1,3-glucanase, chitinase, 

phenylalanine ammonia lyase, as well as peroxidase in tea leaves (Chakraborty et a!., 

2007) 

Zaidi and Khan (2006) evaluated the effects of nitrogen fixing (Bradyhizobium 

sp.), phosphate solubilizing bacterium (Bacillus subtilis), phosphate solubilizing fungus 

(Aspergillus awamori) and AM fungus (Glomus fasiculatum) on the growth, chlorophyll 

content, seed yield, nodulation, grain protein, and N and P uptake of green gram plants 

grown in phosphorus-deficient soils. The triple inoculation of AM fungus, 

Bradhyhizobium sp. (vigna) and B. subtilis significantly increased dry matter yield, 

chlorophyll content in foliage and N and P uptake of green gram plants. Seed yield was 

enhanced by 24% following triple inoculation of Bradyrhizobium + G. fasiculatum + 

B. subtilis, relative to the control. 

Interaction between V AM fungus Glomus mosseae, Azospirillum brasilense and 

Azotobacter in soil and their consequent effect on growth and nutrition ofNeem seedling 

were studied under glass house conditions by ( Sumana et.al., 2002). Dual inoculation of 

G. mosseae and A. chroococcum resulted in maximum plant biomass, nitrogen and 

phosphorus uptake; biovolume index and quality of neem seedlings. It also increased the 

mycorrhizal root colonization and spore number in soil of the root-zoon. Dual inoculation 

of G. mosseae and A. brasilense improved plant growth more then the single inoculation 
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and uninoculated control. The V AM fungi and phosphate solubilizing bacteria (PSB) are 

the two groups of soil microorganisms associated with Phosphorous (P) nutrition of . 

plants. 

Studies including dual inoculation with AM fungi and other P-solubilizing 

microorganisms ( V assilev et a! . 2005b) can be expected as the combinations of two 

such partners with complementary mechanisms might increase overall biocontrol and 

plant- growth- promoting efficacy, thus providing an environmentally safe alternative to 

chemicals 

Bora et a!. (2003) studied the effects of dual inoculation of vesicular arbuscular 

mycorrhiza (V AM ) and phosphate solubilizing fungi on growth of young tea seedling 

and shows that dual inoculation in soil mixed with rock phosphate significantly enhanced 

the growth of tea seedling in terms of plant height , number of leaves, number of 

branches and dry weight of shoot and root uptake by seedling, mycorrhizal development 

in terms of spore density and percent colonization in plant roots was also enhanced by the 

combined inoculation treatment. 

Certain bacteria which enhance the activity of AM fungi were described as 

mycorrhization helper bacteria (MHB) by Caroline and Bagyaraj (1995). These bacteria 

detoxify the substrate, making it more ideal for mycorrhizal infection and produce 

hydrolytic enzymes that dilate the cortical cell, thereby enhancing better colonization by 

mycorrhizal fungi. Further they are known to produce plant growth promoting substances 

(Duponnois and Garbye, 1991). Co inoculation of AM fungi with MHB was found to 

have synergistic interaction with consequential benefit on plant growth confirmed by 

(Jayanthi and Bagyaraj 1998). 

As AM spore is difficult to multiply in vitro condition, their mass multiplication 

was done in Maize, Sorghum, Cynodon dectylon. 

PSMs survive longer around mycorrhizal then non-mycorrhizal roots of maize 

and lavender and sometimes act synergistically with the mycorrhizal fungus to increase 

plant growth especially when rock phosphate was added to soil. Phosphate level in the 

roots was found to be more in those plants treated with A. niger and B. pumilus. 
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In the previous experiments it has been proved already that the dual application is 

effective then individual treatment, further test was carried out to find the combined 

effect of the Josh (V AM), Kalisena (A. niger), and PGPR (B. pumilus) treatments. 

The growth of tea seedling inoculated individually with Josh, Kalisena and also 

two year old plant shows increase when compared to control. But the maximum growth 

was observed in combined treatment. When biochemical changes were analyzed results 

showed increase in chlorophyll content, followed by enzymes activities. Here also 

combined inoculation showed maximum increase. 

Considering the result of above experiments it could be said that Josh (V AM), 

Kalisena and B. pumilus (PGPR), showed ability to increase growth of tea plants and 

induce resistance. Analysis of biochemical components have shown that these have a 

certain and obvious capability of inducing certain biochemical changes in the plant tissue 

system enhancing the production of compounds instrumental in aiding the host defense 

mechanism. The treatment with different combination/ coinoculation did bring about the 

increase in the defense related compounds like phenols and defense enzymes, yet the 

biochemical analysis showed certain fluctuations according to various plant materials. 

But V AM treated plants showed steady and increased concentration and activities of 

phenols and defense related enzymes. Mycorrhizal plants develop extensive root system 

as compared to non mycorrhizal plants, which ensures the plant with increased 

availability of nutrient there by helping the plant for better growth and development 

(Carling et a!., 1978). Mycorrhizal plants usually have more vascular bundles. Hence 

lignifications in the xylem is greater (Dehne, 1982) which may be instrumental in 

restricting pathogen proliferation. The possible mechanism may be competition for 

colonization sites, direct antibiosis and defense reaction colonization of roots by AM 

fungi induces biochemical changes within host tissues, these include stimulation of 

phenyl propanoid pathway and activation of defense related genes. 

Kalisena SD is bio agent, reported to be very effective in controlling wilts, roots 

rots, damping- off and charcoal rot incited by Fusarium, Rhizoctonia, Pythium and 

Macrophomina on a wide range of crops including Muskmelon, Watermelon, 

Cauliflower, Guava, Sunflower and Potato have been reported. It survives in all types of 

soil and temperature with no specific moisture and pH range and it has two way actions 



197 

on crop plant: 1. As Biofungicide controls seven dreaded pathogen causing disease like 

Fusarium wilt, Sclerotinia rot, Rhizoctonia black scurf, damping off and many other soil 

borne pathogens, affecting agricultural crops. 2. As Bio-fertilizer increases phosphate 

solubilization improves germination and promotes plant growth. It releases growth 

promoting compound and increases crop yield. 

V AM fungi from a special symbiotic relationship with plant roots can enhance 

growth and survivability of colonized plants. Many benefits are commonly found with 

V AM fungi that may result from use of the product Josh where active ingredient is V AM 

fungi with neutral carrier. 

Talc based formulation of another PGPR ( Bacillus megaterium ) has been 

exploited for improvement of health status of tea plants against Fames lamaoensis , 

brown root rot pathogen ( Basnet et. a/, 2009). This formulation was prepared using 

Carboxymethyl cellulose with charcoal powder as carrier and tested under green house 

conditions for their effect on growth promotion of tea seedlings. Observations were 

recorded after 2 and 4 months of application which revealed the significant growth 

promotion was accorded by application of bacterial suspensions. Selection of charcoal as 

carrier was done because of it being cost effective and commonly available. With 

increase in the focus of application of biofertilizers and biocontrol agents research on 

production of formulation have also increased. Inoculants development has been most 

successful to deliver biological control agents of plant disease that is organism capable of 

killing other organism pathogenic or disease causing to crops. Bacteria in the genera 

Bacillus, Streptomyces, pseudomonas, Burkholderia and Agrobacterium are the 

biological control agents predominantly studied and increasingly marketed. They 

suppress plant disease through at least one mechanism: induction of systemic resistance, 

and production of siderophores or antibiotics. 

The application of five commercial chitosan based Bacillus formulations were 

found to be effective in increasing the growth and grain yield of rice. A formulation 

Elexa 1M was also reported to induce resistance to downy mildew disease and growth 

promotion in pearl millet ( Sharathchandra et. a/. 2004). Seed treatments with talc 

formulation of B. subtilis in glucose, talc and peat significantly enhance its biocontrol 

activity against F. oxysporum causing vascular wilt of lentil. It was also shown that 
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application of talc formulation of P. jluorescens along with T. viride either singly or 

combine decrease the. sheath blight disease and increase plant growth and yield in rice 

(Mathivanan et. al. 2005). In the present study it was felt necessary to determine the 

sustainability of PGPR in the soil as this would be important in the field. Hence the 

survival of Bacteria applied either as aqueous solution in the soil or in the form of 

bioformulations was determined. The periods of survival of bacteria in the formulation 

were also determined. Determination of bacterial and fungal survival in soil and 

formulations were done by immunological techniques using antibodies raised against the 

bacteria and fungi, These techniques i.e. Elisa and Dot blot gave very specific and 

accurate results as the antibodies specifically reacted only with the specific bacteria and 

fungi. Results of both ELISA and Dot blot showed that they survived at high 

concentration even after six months on inoculation when the analysis was performed. 

Viability of the bacteria as determined by ELISA was evident in the formulations even 

after four months. 

Talc-based formulations containing cells of Pseudomonas jlurorescens, Bacillus 

substilis and Saccharomyces cerevisae were evaluated for their potential to attack the 

mango (Mangifera indica L.) anthracnose pathogen Colletotricum Gloeosporiodes 

Pebnz.under endemic conditions by Vivakananthan et al. (2004). The preharvest aerial 

spray was given at fortnightly and monthly intervals. The plant growth promoting 

rhizobacteria Pseudomonas jlurescens (FP7) amended with chitin sprayed at fortnightly 

intervals gave the maximum induction of flowering, a yield attribute in the preharvest 

stage, consequently reduced latent symptoms were recorded at he postharvest stage. An 

enormous induction of the defence -mediating lytic enzymes chitinase and ~- 1,3-

glucanase was recorded in colorimetric assay and the expression of discrete bands in 

native PAGE analysis after FP7+ chitin treatment. The enhanced expression of defence

mediating enzymes may collectively contribute to suppress the anthracnose pathogen, 

leading to improved yield attributes. 

The species of Pseudomonas, Micrococcus, Bacillus, Aerobacter, Xanthomonas, 

Brevibacterium, Alcaligenes, Rhizobium, Rhodotorula, Penicillum, fusarium, sclerotium, 

aspergillus, pythium, phoma and cladosporium, have been reported to be active in 

phosphate solubilization. The phosphate solubilizres also produce phytohormones and 
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growth promoting substances. The phosphate solubilizing bacteria are mostly of the 

genus bacillus. So far Bacillus m.agaterium var. phposphaticum has been used for 

preparation of the biofertilizer, known as Phosphobacterin. In addition to this, B. firmus, 

B. circulans, B. subtilis and Pseudomonas striata should also be considered suitable for 

inclusion in Indian conditions. 

Population of U. zonata was also determined in the soil using P Abs raised against 

mycelia of U. zonata the causal agent of charcoal stump rot of tea It was shown that 

populations of the pathogen reduce significantly in the bacteria and fungi treated soil, as 

detected on the analysis by ELISA and Dot blot. In an earlier study, (Mohandas et al. 

2005) reported Immuno detection of Phytophthora parasitica var. nicotianae in papaya 

root pretreated with biocontrol agents. In plant treated with biocontrol and Phytophthora 

there was a considerable decrease in the Phytophthora population as seen by the number 

of florescent colonies as compared to plants treated with Phytophthora alone. A 

maximum reduction in Phytophthora population was observed in V AM + Trichoderma 

(19.6%) treated plant s followed by Trichoderma (86.2%) and Pseudomonas (79.3%) 

treated plants. The overall results of the present study have shown that rhizobacteria and 

fungi from tea rhizosphere B. pumilus and A. niger could induce plant growth promotion 

and disease reduction in tea and as well as in other crops. Regarding the mechanism of 

action of the bacteria it seems probable that these bacteria act through a combination of 

methods. It is difficult to predict the actual happening in the soil environment but 

probably the PGPR secrete metabolites in the soil which in turn elicit responses in the 

host. 

It is also important in the studies on host parasite relationship to determine the 

cellular location of the pathogen. For this purpose in this study, Indirect 

immunofluorescence tests were conducted with cross sections of healthy and artificially 

inoculated (U. zonata) tea roots and mycelia. Transverse section from infected roots was 

made and PAbs raised against mycelial antigens of U. zonata were used for probing the 

fungal hyphae which penetrate the root tissues. Bright florescence was observed in the 

cross section of tea roots. Detection of pathogen in host tissues using antibody based 

immunoflurescent technique has been reported by several previous authors (Reddy and 

Ananthanarayan, 1984). Different test formats including indirect ELISA, western 
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blotting, dot blot and indirect immunoflurescence were assayed by (Wakeham and White 

1996) for detection of resting spores of Plasmodiophora brasica in soil. In conclusion, it 

can be stated that charcoal stump rot can cause severe damage to tea plants, as primary 

root disease and such immunodetection technique makes it possible to detect micro 

quantities of the pathogen within root tissue and rhizosphere soil before much damage 

cause by the pathogen. 

The overall results of the present study have shown that phosphate solubilizing 

microorganisms isolated from tea rhizosphere, could induce plant growth promotion and 

disease reduction in tea as well as in other crops. Different species of Bacilli, Glomus 

and Aspergilli are now widely used in other crops as plant growth promoters as well as 

biocontrol agents (BCA). Development of better formulations to ensure survival and 

activity in the field and compatibility with chemical and biological seed treatments is 

another area of focus; approaches include optimization of growth conditions prior to 

formulation and development of improved carries and application technology. 

It is now widely recognized that biological control of plant pathogen is a distinct 

possibility for the future and can be successfully exploited in modem agriculture, 

especially within the framework of integrated disease management system. The rationale 

behind the disease control is to check pathogens growth in the host and iroprove the 

health status of the plant. 
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1. A review of literature has been presented to focus plant growth promotion activity 

by phosphate solubilizing microorganisms and disease control by biological 

agents. 

2. Materials used and methods followed have been presented m Materials and 

Methods. 

3. Brief description of pathogen (Ustulina zonata), survey of disease incidence was 

carried out. 

4. Artificial inoculation of pathogen was done to check varietal resistance of tea 

plants. 

5. Microorganisms were isolated from tea rhizosphere ofTemi Tea Garden Sikkim. 

Screening of rhizobacteria and fungi were carried out against root pathogens

Ustulina zonata, Fames /amaoensis and Sclerotium rolfsii by dual pairing test. 

6. Bacterial and fungal cultures were identified by microscopic observation and 

biochemical tests following standard keys and manuals. 

7. Among all the bacterial and fungal isolates tested for antagonism against test 

pathogen six isolates shows antagonism out of which one bacterium and one 

fungus were selected for further experimental purposes. These were identified as 

Bacillus pumilus and Aspergillus niger. 

8. Phosphate solubilizing activities of bacterial isolates and fungal isolates were 

determined. 

9. Isolation and identification of AM spores from tea rhizosphere of hill and plain 

was done of which Glomus mosseae was selected for experimental purpose. 

10. Biochemical changes in tea plants following artificial inoculation with pathogen 

were determined with special reference to phenolics and defense enzymes 

peroxidase(PO), phenyl alanine ammonia lyase (PAL), glucanase (GLU) chitinase 

(CHT). 

11. The selected bacteria and fungi were characterized in vitro for their cultural 

characteristic as well as for their plant growth promotion activities. They had the 

property ofiAA production, P-solubilization, Siderophores and Volatiles. 
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12. The plant growth promoting ability of the antagonistic bacterial and fungal 

isolates were evaluated in green house using different methods such as soil 

drenching, in tea, marigold and seed treatment in soybean. Inoculations were done 

singly or jointly. The growth promotion of different varieties of tea seedling was 

observed in forms of different growth parameters such as increase in shoot length, 

number of leaves and height. All used tea varieties show growth promotion to 

single and joint application in soil. 

13. Green house experiments were conducted to study the effect of Bacillus pumilus, 

Aspergillus niger and Glomus mosseae on charcoal stump root caused by Ustulina 

zonata. Disease development was significantly reduced in treated plants compared 

to control plants. 

14. Active principles were isolated from cell free culture filtrates of the bacteria 

which showed antifungal activity in spores germination and radial growth 

bioassay. 

15. Bioassay of solvent extracts culture filtrates also showed inhibitory activities in 

spores germination and radial growth of test pathogen. Diethyl ether fraction was 

most effective. 

16. Besides plant growth promotion, biochemical changes such as chlorophyll and 

phenol content and enzyme activities ( peroxidase, phenylalanine ammonia lyase, 

chitinase and 13- 1, 3 glucanase) were also studied. Enzyme activities as well as 

phenol accumulation were increased in PGPR treated plants compared to 

untreated control. 

17. Combined treatments of B. pumilus (PGPR), with Josh, Kalisena were assessed 

for their effects on growth and development of tea plant. 

18. The effects of individual and joint inoculation on tea plants shows increment m 

growth and defense enzyme 

19. HPLC analysis was performed with the Catechins extracted from leaves of tea 

plants treated with PGPR, inoculated with G. mosseae and dual inoculation of 

both. Appearances of new isoforms ofCatechins were observed. 

20. Phosphorous utilized by tea plants following treatments were also analysed. 
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21. Polyclonal antibodies (PAbs) were raised against antigens prepared from Bacillus 

pumilus and Ustulina zonata. 

22. Agar gel double diffusion test were performed using crude antibody. Strong 

precipitation arcs were obtained. 

23. The presence of pathogen in the soil, treated with PGPRs prior to pathogen 

inoculation as well as in untreated plants was detected by immunological 

techniques such as ELISA and Dot- blot. Results revealed that pathogen 

population had declined in presence ofPGPR 

24. The bacterial sustainability in the soil was evaluated by PTA- ELISA, Dot-blot 

and colony blot. 
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Corrigendum 

Corrected names of some microorganisms 

Page & Line number Incorrect 

Page 2, line 28 sinessis 

Page 6, line 32 Gliocladium 

Page 8, line I viride 

Page 13, line 16 pythium aphanidermatum 

page 13, line 29 P.aphanidermatium 

Page 20, line 24 pennisetum glaucum 

Page 21, line 27 Pseudomonaasj/uorescens 

Page 24, line 26 Colletotricum Gloeosporiodes 

Page 25, line 22 P. nicitianae 

Page 41, line 20 Bacillus oumillus 

Page 187, line 3 Ph. Chrysosporium 

Page !97, line 22 pseudomonas 

Page 198, line 15 lurorescens 

Page 198, line I 7 Colletotricum Gloeosporiodes 

Page I 98, line 20 j/urescens 

Page 198, line 29&30 Penicillum ,fusarium ,Sclerotium, 
aspergillus, pythium, phoma, 
cladosporium 

Correct 

sinensis 

Gliocladium virens 

Trichoderma viride 

P. aphanidermatum 

P. aphanidermatum 

Pennisetum glaucum 

Pseudomonas j/uorescens 
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Colletotrichum gloeosporioides 

P. nicotianae 

Bacillus pumilus 

P. chrysosporium 

Pseudomonas 

j/uorescens 

Col/etotrichum gloeosporioides 

j/uorescens 

Penicillium, Fusarium, Sclerotium, 
Aspergillus, Pythium, Phoma, 
Cladosporium 

References cited in the text but missing in the Bibliography 
Page 3, line II 

Ward, K.F. (1950). Does wild tea exist? Nature 165: 297-299 
Page 3, line- 18 

Muraleedharan, N. (1991) Pest management in tea. The United Planters's Association of 
Southern India, Tea Research Insititute 1-108 

Page 25, line 24 
Kokalis- Burelle, N., Kloepper, J. W., and Reddy, M.S. (2006) Plant growth promoting 

rhizobacteria as transplant amendments and their effects on indigenous rhizosphere 
microorganism. Appl. Soil Ecol. 31:91-100. 

Page 31, line 22 
Nelson, C.E. (1987) The water relations of vesicular arbuscular mycorrhizal systems. In: 

Ecophysiology of VA mycorrhizal plants, (Ed. By G.R Safir), CRC Press, Boca Raton, 
Florida, USA. 71-92 



Page 44, line 4 

Daft, M.J ., and Okasa nya, B.O. ( 1973) Effect of Endogone mycorrhi za on plant growth; IV . 

Influence of infection on the anato rny and reproduction New Phytol. 91: 277-264 

Page 44, line 14 
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J atanthi, S., and Bagya raj, D.J . ( 1998). Response of micropropagated sugarcane to inocu late 

with Glomus mosseae, Trichoderma har::ianum and Bacillus coagulans J. Soil. Bioi. Ecol. 

18:23-29 

Page 49, line 14 

Zaidi, A. and Khan, M.S. (2006). Co-inoculation of effects of phosphate sofubif izing 

microorganisms and Glomusfasiculatum on green gram Bradyrhi::obium symbiosis Turk. 

J. Agric. 30: 22 3-230 

Page 77, line 24 

Mcintosh, J.L. ( 1969) Bray and Morgan soil extractants modified for testing acid so ils from 

different parent materials. Agron. J. 61 : 259-265 

Page 190, line 13 

Dixon,R. , Steele, C. ( 1999) Flavonoids and isoflavanoids-a gold mine for metabolic eng ineering. 

Trends in Plant Science 4 : 394-400 

Page 196, line 2 1 

Carling, D. E., Riehle, W.G., Brown, M.F. a nd Johnson, D.R. ( 1978) Effects of a vesicular 

arbuscular mycorrhizal fungus on nitrate reductase and nitrogenase act ivities in 

nodulating and non- nodulating legumes. Phytopathology 68: 1590-1597 

Details ofTechnique 

Page No. 77. (3.22.) Mass multiplication of AM fungi 

For mass multip lication, AM fungi iso lated from rh izosphere were inoculated in Sorghum 

bicolour, Cynodon dactylon, and lea mays in pots(5" dia) taking sterile soi l (Plate-4). 
Adequate water was given as and when required.ldentified AM spores ( Glomus mosseae ) 

obtained from tea plants were added separately, to each pot. Establ ishment of AM association 
was confirmed one month after inoculation. ln order co develop pure eel/ line culture of G. 

mosseae experimental setup was made using sterilized pre-soaked maize seeds in steri le sand. 
After isolation of spores from the soil by wet sieving and decanting process, G. mosseae was 
carefully selected and placed in maize roots whic h were grown in aseptica l condi tions. The 
inoculated maize plan ts were then placed in sterile soi l and allowed for the establishmen t of 
AM spore into the root. The same experiment was done in 2 year old tea seedlings. The AM 
association was confirmed one month after inoculation of both maize and tea seedl ings . 
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