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One o f the most complex biological processes occurring in nature is host parasite 

interaction both at the cellular and sub-cellular level. If the microorganism is 

successful, disease is the end result; but more often than not, the host emerges the 

winner as the invader is successfully warded off. Plants have well developed defense 

mechanism which enable them to defend themselves against penetration, intracellular 

growth and the development o f  parasites in their tissues. The biochemical basis for 

this resistance against microbial attack consist o f both preformed and post-infectional 

ones. Preformed defenses are often regarded as general or unspecific as compared to 

inducible defense systems which are highly specific. The versatile multicomponent 

defense adequate to provide them protection against most o f  their potential pathogens, 

only a few o f them can overcome this defense and cause disease. Varieties within the 

host species are resistant when they possess one or more resistant gene(s) and 

susceptible when they lack any such gene. To account for the observed specificity and 

degree o f variability o f  host parasite system, the fimgal recepter must have high 

information content which involves recognition between the host and pathogen both 

at the cellular and subcellular level. A cell that react in a special way consequence o f  

an association with another cell because it acquires information, which is convey 

through chemical or physical signals in the process or recognition. The spatial and 

temporal deployment o f plant defense responses involves the complex interplay o f  

signal events, often resulting in superimposition o f signaling processes (Graham and 

Graham, 1996). In spite o f lacking immune responses like animals, plants have 

nevertheless evolved immune mechanisms o f  various types by which they can 

account the advance o f  foreign organisms. The result is that disease tends to be 

specific, a given pathogen usually infecting distinct range o f  host plants.

Field grown tea plants are constantly subjected to advance environmental 

conditions, one o f  the most important o f these being attack by the pest and pathogens. 

Besides o f their immobility plants have to make necessary metabolic and structural
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adjustments to cope with the stress conditions (Ho and Sachs, 2000). Environmental 

effects in phenolics are all the more long-lasting, as they have to cope o f such 

conditions year after year. Tea is subjected to varying environmental conditions 

throughout its life and in addition to numerous attack by pests and foliar fungal 

pathogens, which in turn are influenced by various environmental conditions. In the 

present study, attack on tea leaves by H. theivora was observed throughout the year, 

except during the winter months, probably because that the period when bushes are 

pruned and leaves are not abundant. High temperature, combined with certain amount 

o f humidity, were found to be most conducive to attack by Helopeltis. In a similar 

study on tea, with the fungus Glomerella cingulata, which causes brown blight o f tea, 

it was reported that high hiunidity and rainfall were the most important factor 

predisposing the plants to infection (Chakraborty et. al. 2002). Mirid bugs o f the 

genus Helopeltis are major pest o f  various cultivated plants including a few plantation 

crops such as cashew, cocoa and tea (Muralidharan, 1995). Typical feeding damage 

by H. theivora on tea leaves appears as discolored necrotic area or lesion around the 

point o f entry into the plant tissue. These lesions can be elongated or spherical and 

become darker with age as the tissue aroimd the stylet pimcture reacts presumably in 

response to enzymatic reaction o f the insect’s salivary secretions (Stonedahl, 1991). 

Immediately, after insertion o f  stylet bundle, water soaked lesion appear around the 

site o f  insertion and it spread slowly as round spot on tea leaves. Such water soaked 

lesion also appeared in intervenal area o f lamina o f cashew leaf which never 

expanded beyond outer boundary o f round spot that initially formed. Similar type o f  

instant water soaked lesion was observed in the feeding lesion o f H. bergrithi on 

mango leaves. The water soaked lesion that was initially formed indicated that the 

saliva o f the insect was injected first and its components rapidly in filtered in the 

feeding region.

It is presumed that the outflow o f cell contents through cell membrane rather than 

cell walls is aided by hydrolytic enzyme o f saliva which is usually injected at water
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soaked feeding lesion during initial penetration o f  stylet bundle in plant tissue. 

Hydrolytic (protease and lipase) and oxidoreductase (catechol oxidase, peroxidase 

and catalase) enzymes and free amino acids were detected in the salivery glands o f  H. 

theivora and these were implicated in detoxification o f phytochemicals o f cell 

contents and initiation o f  phytotoxaemia from feeding lesion. Similar type o f  

interaction between salivary secretion o f aphids and susceptible plant tissue resulted 

in varied reactions ranging from hyperplasia, hypertrophy and necrosis (Miles, 1990). 

The phytochemical may also change with the insect attack on the plant 

(Ananthakrishnan, 1993). The polyphenol oxidase (catechol oxidase) system gets 

activated after insect feeding which results in the release o f  phenolics compounds 

which are oxidized to quinines, subsequently forming nontoxic polymers causing 

brown discoloration (melanization) o f wound tissues giving rise to hypersensitive 

reaction.

In the present investigation, incidence o f attack by H. theivora was examined in 

the experimental field against twenty three tea varieties. Highest infestation (50-80%) 

by H. theivora was found in the month o f April to June (second quarters). Among all 

the varieties tested, UPASI series were found to be severely damaged (70-80%) 

followed by Tocklai and then Darjeeling varieties. An immediate response o f plants 

to injury, in most cases is the accelerated accumulation o f  oxidative enzymes required 

for scavenging toxic radicals (Kessler and Baldwin, 2002). In the present study, 

activities o f all oxidative enzymes studied, namely peroxidase(PO), polyphenol 

oxidase (PFO) and phenylalanine ammonia lyase (PAL) increased following 

infestation by H. theivora. However, Sudhakaran et.al. (2000) observed increased 

activity o f PPO and PO enzyme only when infested by H. theivora was low. In 

cotton, damage by an insect pest caused activation o f several o f oxidative enzymes, 

including peroxidase, diamine oxidase and lipoxygenese within the tissue. Damaged 

tissue also had altered phenol metabolism (Bi et. a l ,  1997). Results o f  the present 

study strongly support the above observation o f  Bi et. al. (1997). Induction o f PPO
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activity have also been reported in Populus tremuiloides after herbivory by the forest 

tent caterpillar, by wounding and by methyl jasmonate (Haruta et. al., 2001).

Wounding may have been one o f the primary inducer o f  the oxidative enzymes in 

the present study. Previous reports also indicated that oxidative enzymes such as PPO 

and PO, as well as those involved in phenolic biosynthesis such as PAL are involved 

in defense reaction in plants (Chen et. al. 2000, Chakraborty et. al. 2002,2005). PPO 

activity in fruit tissue o f  apple has been found to be localized in or near the epidermis 

and in the vicinity o f  vascular tissue. The greenish healthy eruption o f guava fruit 

form in the feeding lesion o f H. antonii may be due to hyperplasia initiated by 

salivary protease which results in release o f indole acetic acid (lAA) from inactive 

conjugate protein o f  the host. The above observations were found to be consistent 

with the hypothesis o f  Miles (1990) that the plant react strongly to the feeding o f the 

insects, the outcome may be either necrosis or enhanced growth in those tissues 

where oxidative defense and content defense are well matched.

Besides, two major defense enzymes such as p,l,3-glucanase (GLU) and 

chitinase (CHT) corresponding to pathogenesis related (PR)-prot6ins - PR2 and PR3 

respectively have been assayed from Helopeltis infested tea leaves o f  twenty three 

varieties. CHT and GLU activities which were found to be higher in infested leaves 

may be correlated with the defense reaction o f tea plants in response to H. theivora 

attack (Chakraborty et.al, 2005). Soluble proteins extracted from healthy and early 

stages o f  H. theivora infested leaves showing resistant reaction were characterized on 

dot blot and western blots using the probe o f  CHT (PAb o f chitinase, PR3). In 

Western blotting, three bands o f  ca. molecular weights 35, 59 and 65 kDa were 

similar in both healthy and insect-attacked leaves, while a new band o f ca. molecular 

weight 42 kDa was evident in TV-30 and TV-23 infested with H. theivora, and two 

more new bands o f ca. molecular weight 29 and 21 KDa were evident in UP-2 and 

HV-39 H. theivora infested tea varieties.
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Results o f  the present study indicate the involvement o f  multiple enzymes in a 

coordinated manner in the insect-tea interaction process to develop resistance 

(Chakraborty et. a l ,  2004). The induction and accumulation o f  pathogenesis related 

proteins o f different classes against pest and pathogen attack is well documented 

(Bostock, 1999; Dutta and Muthukrisnan, 1999). Understanding the molecular 

genetics o f  insect hosts and molecular basis o f biochemical and cellular defense o f  

plants will pave the way for proper management o f  pest (Narayanan, 2004).

Phenols are also known to play definite roles in a plant defense. Considering this 

in the present study the effect o f insect saliva on phenol contents o f the insect- 

attacked leaves were determined. In the twenty-three varieties o f  tea plants tested, it 

has been found that total phenol content has decreased in the infected leaves but 

orthodihydroxy phenol content has increased slightly. Decreased phenol content may 

be attributed to the conversion o f polyphenols to quinines. It has been reported 

previously that quinines in plant tissues react with proteins to form melanin and other 

tannins leading to the discoloration o f damaged tea leaves (Sudhakran et. a l ,  2000).

Many studies have demonstrated the importance o f  phenolic compounds in plant 

defense. In general, plant phenolics have a diverse range o f  biological activity, 

depending on their structure, degree o f  polymerization, stereoisomeric differences etc. 

interaction between phenolic compounds and environmental conditions determines 

their action. Polyphenols have distinctive ability to engage in molecular recognition, 

or formation o f intermolecular complex with each other and with other molecules 

(Haslam, 1999). In the present study, total phenol content decreased with insect 

attack. The decrease was most significant in UPASI varieties. However, in these 

varieties, PAL activity increased significantly. In the present study, the level o f  

antifimgal phenolics (pyrocatechol) in leaves o f  healthy and H  theivora infested tea 

varieties were estimated. In resistant varieties (TV-18, TV-20 TV-22) accumulation
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o f pyrocatechol increased sharply (280-389 |ig/g fresh wt.) following infestation by 

H theivora  in relation to healthy plants. Accumulation o f  pyrocatechol in susceptible 

varieties (UP-8, BSS-3) were not greater than the resistant one. Increased level of 

pyrocatechol may be associated with the host response to resistant reaction. 

Catechins, a class o f  polyphenols, are the major phenolic compounds o f tea leaves. 

HPLC analysis revealed four isoforms o f  catechins such as EGC, EPC, EGCG, CO 

increased sharply due to H. theivora infestation in initial stage o f  puncture. In 

advance stage o f  infestation level o f  EGC, EGCG, GCG and ECG decreased 

markedly. In conclusion, while attack by Helopeltis led to an increased in activity o f 

the antioxidant enzyme, the activity o f  PPO, PAL. As well as total phenol content 

decreased significantly in most o f  the susceptible varieties. One o f  the reasons for the 

observed tolerance o f certain varieties to insect attack could be their ability to 

maintain higher level o f  phenolics in the face o f  attack.

The pest and blights, which prey on the leaves, are o f  vital importance, since any 

damage to the leaves defeats the whole purpose o f  its cultivation. The aerial surfaces 

o f tea plants, like any other plant, are usually inhabited by a variety o f 

microorganisms, many o f which are capable o f  influencing the growth o f foliar 

pathogens (Chakraborty and Chakraborty, 1997). The interactions between these 

microorganisms might result in the suppression o f pathogen activity. Besides, it is 

likely that the tea plant, in the course o f its adjustment to varying environments, has 

evolved a very effective defense mechanism, which successfully wards o ff most o f  

the fungal pathogens. The common plant pathogens (fungi, bacteria, viruses) and 

pests (insects and other animals) induce some type o f  resistance in plants to 

subsequent challenges, both to the original and as well as to other biotic agents. In 

general, the defenses o f higher plants against any form o f stress, whether biotic or 

abiotic, fall under two categories: performed and induced. The main objectives have 

been to determine the mechanism o f defense o f tea plant against pest and pathogens,
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with special emphasis on both performed and induced chemical defenses. In the 

present investigation, at the onset, pathogenicity test o f  Alternaria alternata and 

Corticium invisum was carried out on detached leaves and cut shoots o f twenty one 

tea varieties, eleven released by Tocklai Experimental Station, Jorhat, Assam, seven 

released by UPASI Tea Research Centre, Valparai, Tamilnadu and three released by 

Darjeeling Tea Research Centre, Kurseong. Detached leaves as well as cut shoots 

gave satisfactory results. C. invisum was most virulent on TV-22, TV-23 least on HV- 

39 and BSS-1 Results obtained from varietal resistance test performed on twenty one 

tea varieties against A. alternata following detached leaf and whole plant inoculation 

technique conclusively proved that T-17, TV-20, TV-22 and BS/7A/76 were highly 

susceptible while TV-9, TV-18 and UPASI-2 were resistant. The results o f  

pathogenicity tests performed on detached leaves o f tea varieties corresponded to the 

same degree o f resistance as determined by cut shoot methods. Yanase and Takeda 

(1987) also used cut shoot method to detect the resistance o f  tea plant to grey blight 

disease caused by Pestalotia longiseta.

Although less in known with certainty about the specific recognition events that 

predict incompatible host-pathogen interaction, considerable genetic and biochemical 

evidence indicates that constitutive specificity imparting molecules must exist in the 

incompatible pathogen and the resistant host plants that dictate the ultimate 

accumulation o f  antifungal compound at the infection site (Albersheim and 

Anderson-Prouty, 1975; Keen and Bruegger, 1977), Cell recognition has been defined 

as the initial event o f  cell-cell communication which elicits morphological, 

physiological and biochemical response (Clarke and Knox, 1978). Surface molecules 

o f eukaryote cells have been involved in cell-cell recognition and/or adhesion and as 

receptors for various effects (Snary and Hudson, 1979). Many o f  these specificity 

imparting molecules are glycoproteins, and fimgi are knwon to possess them on their 

cell-walls and plasma membranes (Keen and Legrand, 1980; Ransom et. a l ,  1992). In
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this study, both the fungal pathogens were found to elicit greater amount o f  antifungal 

compound (pyrocatechol) in the resistant varieties than the susceptible ones.

In initial stage o f  infection at the cellular level the exchange o f  molecular signals 

between host and parasite is considered to be one o f the mechanisms resulting in the 

specificity o f  such interactions. The genetic information contained in nucleic acid is 

expressed in the cell via protein synthesis. Several proteins function as enzymes in the 

metabolic pathways, which synthesize or breakdown cellular components. When 

plants containing various kinds o f  proteins are infected by pathogens, the proteins in 

the penetrated plant cells are changed chemically and physically. Some enzymatic 

proteins are also produced in penetrated cells by the pathogens themselves (Pathogen 

induced - PI). Thus qualitative and quantitative changes in proteins are related to both 

plant and pathogen (Uritani, 1971). A protein competition model was proposed by 

Jones and Hartley (1999) for predicting total phenolic allocations and concentration 

in leaves o f  terrestrial higher plants. They suggested that protein and phenol synthesis 

compete for the common limiting resource-phenylalanine and hence protein and 

phenolic allocations are inversely correlated.

In the present investigation changes in the protein content was noted in the 

A. alternata and C. invisum inoculated leaves o f susceptible varieties in relation to 

their healthy control. Increased protein level was also detected after infection o f  

susceptible bean leaves by Uromyces phaseoli (Staples and Stalmann, 1964). Similar 

findings were reported by other workers (Tomiyama, 1966; Daly, 1972; Ouchi et al. 

1974). They suggested that in case o f  compatible combination, changes in protein 

configuration in the host may indicate the host’s accessibility to the pathogen which 

is related to susceptibility. The greater accumulation o f  protein in susceptible host 

after inoculation could be attributed to the total proteins o f  both host and parasite. 

However, it is difficult to separate the relative contribution o f  host and parasite to the
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total protein content. It is evident from the above statement that some changes occur 

in proteins o f  infected plants. However, these changes are not always significant. 

Sometimes protein content o f the host remains more or less similar even after 

inoculation but isozyme pattern may change. Changes in protein patterns in barley 

leaves after infection with Erysiphe graminis f. sp. hordei was detected by 

polyacrylamide gel electrophoretic study, but no change could be detected in total 

buffer soluble protein content o f mildew infected barley leaves in comparison with 

healthy control (Johnson et al., 1966). Similarly, Sako and Stahman (1972) also 

detected five new isozyme band viz., acetyl esterase acid phosphatase malate 

dehydrogenase, succinate dehydrogenase and peroxidase in the susceptible line o f  

barley after infection by Erysiphe graminis f  sp. hordei.

The interaction between Cladosporium fulvum  and tomato has been used as a 

model system by Joosten and Dewit (1988) to study the accumulation o f host, 

pathogen, and interaction-specific proteins in leaf apoplastic fluids from compatible 

and incompatible combination. Electrophoresis o f  apoplastic fluids under low pH and 

non-denaturing conditions revealed one protein which was present in all compatible 

interactions studied, but not incompatible interactions nor in un inoculated controls. 

Purification o f this protein from the apoplastic fluids from several compatible 

interactions was achieved by ion-exchange chromatography on CM-Sephadex 

followed by chromatofocusing. The purified protein migrated on SDS- 

polyacrylamide gels as one bund with an estimated molecular mass o f  14 kDa. 

Antibodies obtained by injecting the purified protein, bound to nitrocellulose, into 

rabbits had high affinity for the protein on western blots and little or no interactions 

with other protein bands. In compatible C. /w/vwm-tomato interactions the protein 

could be detected in apoplastic fluid 8 days after inoculation. The protein was not 

detected in the mycelium or culture filtrates neither obtained from C. fulvum  grown in
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cultvire nor in apoplastic fluids from tomato leaves inoculated with the tomato strain 

o f Phytophthora infestans. Furthermore, it was not detectable in old tomato leaves.

Advances made in the formulation o f concepts and techniques o f modem, 

quantitative cell biology in recent years have paved the way for a basic understanding 

o f the physiology and biochemistry o f  plant host pathogen interactions. Difference in 

physiological responses and morphological structures o f various host genotypes affect 

their susceptibility or resistance to invasion and its consequence while similar 

variation in pathogens influence their growth rate and virulence. The success or 

failure o f  infection is determined by the dynamic competition and the final out come 

is determined by the sum o f favourable and unfavourable conditions for both the 

pathogen and host cells. At the same time the potential host may be able to detect or 

recognize a fungal pathogen and use the initial act o f recognition to trigger a range o f  

induced resistance (Purkayastha 1994). The initial cellular recognition is followed by 

communication between its components. This exchange o f  information is generally 

mediated by soluble antigens located on or near the cell surface (Chakraborty, 1988).

The significance o f  antigenic relationship between plant hosts and pathogenic 

organisms with regard to disease susceptibility has been recognized by many 

investigators. Whenever an intimate and continuing association o f  cells o f host and 

pathogen occur it has been observed that partners o f  this association have unique 

serological resemblance to one another involving one or more antigenic determinants.

Enzyme linked immunosorbent assay (ELISA) is probably one o f  the most 

sensitive serological techniques for the detection o f pathogen in host tissues 

(Chakraborty and Chakraborty, 2002). In the present study polyclonal antibody was 

raised against mycelia o f  A. alternata and C. invisum. The antisera obtained were 

purified to minimize non specific binding. At the beginning, the sensitivity o f the



218

assay was optimized. Homologous soluble antigens at concentration as low as 

78ng/ml could be detected in indirect ELISA in both the cases. Absorbance values 

decreased with increase in dilutions. Chakraborty et. al., (1996) also reported that 

antiserum raised against Pestalotipisis theae could detect homologus antigen at 

25ng/ml. Antiserum dilution o f upto 1:16,000 was effective for detections.

Visible outcome o f  a compatible host pathogen interaction may be obtained in 

many case only after few days o f  infection, by which time the pathogen would be 

well established in the host tissues. In phytopathology studies, therefore, it is 

necessary to have techniques by which pathogen can be detected at a very early stage. 

Recent trends have developed highly specific techniques for the detection o f  pathogen 

at a very early stage (Chakraborty and Chakraborty, 2002). Various formats o f  ELISA 

using polyclonal antiserum has found widespread application in plant pathology and 

are routinely used for detection and identification purposes (Clark, 1981; Lyons and 

White, 1992; Hansen and Wick, 1993, Chakraborty et a l ,  1995, 1996, Chakraborty 

et. al,. 2002). In the present study, the differential response o f  nineteen tea varieties to 

A. alternata and C. theae has been observed through Indirect ELISA following 

artificial inoculation o f  tea leaves. In the present study indirect ELISA readily 

detected (C. invisum and A. alternata) in tea leaf tissues. Among the 23 tea varieties 

tested with PAb o f A. alternata and C. invisum, very high absorbance values were 

obtained in case UPASI-3 TV-22, TV-23, TV-18, UPASI-2 and BSS-2 and TV-20, 

TV-26, BSS-3 showed very low absorbance values.

It is also important in the studies on host parasite relationship to determine the 

cellular location o f the pathogen. For this purpose in this study, indirect 

immunofluorescence tests were conducted with cross sections o f  healthy and 

artificially inoculated (separately with A. alternata and C. invisum) tea leaves, and 

mycelia. In case o f A. alternata susceptible varieties o f  Tocklai TV-20, TV-22,
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UPASI UP-8, BSS-3 and T-17, BS/7A/76 were artificially inoculated. After 42h o f  

inoculation transverse sections were made from all the infected plant parts and PAb 

raised against mycelial antigens o f  A. alternata were used for probing the fungal 

hyphae which penetrate the leaf tissue. Bright fluorescence was observed in the cross 

section o f all these varieties o f tea leaves. DeVay et. a/. (1981) determined the tissue 

and cellular location o f  major cross reactive antigens (CRA) shared by cotton and

F. oxysporum f. sp. vasinfectum. Cellular location o f  CRA in tea leaf tissues shared 

by three foliar fungal pathogens such as Bipolaris carbonum ( Chakraborty and Saha, 

1994); Pestalotiopsis theae (Chakraborty et. a l, 1995) and Exobasidium vexans 

(Chakraborty et. al., 1997) have been demonstrated. Besides detection o f pathogen in 

host tissues using antibody based immunofluorescent technique has been reported by 

several previous authors (Wamock, 1973; Homok and Jagicza, (1973; Reddy and 

Ananthanarayan, 1984). Dewey et. al. (1984) suggested, on the basis o f  

immunofluorescence studies that chlamydospores, basidiospores and mycelia o f  

Phaseolus Schweinitzii contained molecules antigenically related to species specific 

antigens secreted by mycelia grown in liquid culture. They also demonstrated the 

presence o f  mycelium and chalmydospores in naturally and artificially infested soil 

samples, using this technique. Different test formats including indirect ELISA, 

Western blotting, dot blot and indirect immunofluorescence was assessed for their 

potential to detect resting spores o f  Plasmodiophora brassica  in soil (Wakeham and 

White 1996).

The dot immunobinding technique has also been found to be rapid and sensitive 

method for detection o f  fungal pathogens. In the present study, antigens were 

prepared from black rot infected tea leaf. Healthy tea leaves and artificially inoculated 

(with A. alternata and C. invisum) tea leaves were tested on nitrocellulose paper. 

Infected and artificially inoculated leaf antigens gave intense dot when compared to 

the healthy control confirming the presence o f  fungal pathogens. Complex mixtures
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o f antigens can be quickly and easily separated by high-resolution techniques such as 

sodium dodecyl sulfate-acrylamide gel electrophoresis using discontinuous buffer 

systems and two dimensional techniques. However, once separated in this manner, it 

has been difficult to determine which o f the separated species reacted with a given 

antiserum. Several methods have been developed previously. Towbin et. al. (1979) 

overcome these problems by electrophoretically transferring the separated mixture 

onto nitrocellulose. Blake et. al. (1984) has described a method using the alkaline 

phosphates substrate 5 bromo-4-chloroindoxyle phosphate (BCIP) and nitro blue tetra 

zolium (NBT) to detect the precipitated indoxyl group. When the substrate 5-bromo 

4-chloroindoxyl phosphate is used, the phosphate is cleaved by the enzyme and the 

indoxyl group precipitates. The hydroxyl group o f the indigo then tautomerizes 

forming a Ketone, and under alkaline conditions dimerization occurs, forming a 

dehydroindigo. In the process o f  dimerizing, it releases hydrogen ions and reduces the 

nitroblue tetrazolium which precipitates, forming an intense blue deposition o f  

diformazan.

Accumulation o f defense enzymes such as phenylalanine ammonia lyase (PAL), 

polyphenol oxidase (PPO), peroxidase (PO), p-l,3-glucanase (P-GLU) and chitinase 

in tea varieties following inoculation separately with foliar fungal pathogens 

(A. alternata and C. invisum ) were determined. Defense enzymes tested against foliar 

fungal pathogens increased significantly in all the resistant varieties tested than the 

susceptible ones. Western blotting analysis o f A. alternata inoculated tea plants 

revealed two new bands o f  ca. molecular weight o f  71 and 32 in comparison to 

healthy

Accumulation o f  chitinase and p-l,3-glucanase may be associated with the 

restriction o f symptom development on the tea leaves on attack by A. alternata and 

C. invisum, as the enzyme activity was more rapidly enhanced in incompatible than
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compatible interactions. It has been suggested by Ham et al., (1991) that a p-1,3- 

glucanase, induced in soybean leaves, by infection with Phytophthora megasperma 

f.sp. glycinea, functions in defense by releasing a phytoalexin elicitor from the 

mycelial walls o f  the fungus. Furthermore, Kim and Hwang (1994) supported the role 

for p-l,3-glucanase in disease resistance by demonstrating that p-l,3-glucanase was 

induced and accumulated in pepper plants by Phytophthora capsici infection, more 

distinctly in resistant than susceptible tissues. The hydrolytic enzymes (3-1,3- 

glucanases (PR-2; pGlu; E. C. 3.2.1.39.), which are capable o f  hydrolyzing the P-1,3- 

glucans found in the cell walls o f  several genera o f  fungi. Induction o f  (3Glu has been 

demonstrated in many plant-flmgal pathogen interactions (Kini et. al., 2000) and they 

are thought to play several roles in plant defense. Firstly, they can degrade the cell 

wall o f  the pathogen or disrupt its deposition, contributing to pathogen death. 

Secondly, they can also release cell wall fragments that act as elicitors o f  active host 

defense response. The chitinases (PR-3; Cht; B.C. 3.2.1.14.) catalyze the hydrolysis 

o f  chitin, a linear homopolymer o f p-l,4-linked A/^-acetylglucosamine residues.

Polyphenol oxidase usually accumulated upon wounding in plants. PPO 

transcript levels systemically increased in tomato when mature leaflets were injured 

(Thipyapong and Steffens, 1997)Increased activity o f  PPO and PO was demonstrated 

in the cucumber leaf in the vicinity o f the lesions caused by some foliar pathogens or 

by phosphate application (Avdiushko et al., 1993). Moreover PPO could be induced 

by jasmonic acid (Constabel and Ryan, 1998). Among all the stress related enzymes, 

role o f peroxidase has been most thoroughly worked out. PO is a metallo-enzyme 

containing porphyrin bound iron. The enzyme act on a wide range o f  substrates 

including phenols, aromatic amines, amino acids and inorganic compounds 

(Balasimaha, 1982). These are ubiquitous to plants and are characterized by a large 

number o f isozymes. Various naturally occurring and synthetic substances, growth 

regulator and environmental factors markedly influence the activity o f these 

peroxidases. Akhtar and Garraway (1990) observed increased PO activity susceptible
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cultivars compared with the resistant one when both were treated with sodium 

bisulphate prior to inoculation with Botrytis maydis. On the other hand there are also 

reports o f  increased PO activity due to induction o f  resistance (Ye et al., 1990; Chen 

et a l ,  2000). Curtis et a l ,  (1997) also reported the induction o f  PO activity by 

pathogens and methyl jasmonate. The existence o f  multiple molecular forms o f  

peroxidase in tea have been reported by previous authors (Takeo and Kato 1971; 

Gunashekhar et al., 1996)

Previous report indicate that oxidative enzymes such as PPO and PO as well as 

those involved in phenolic biosynthesis such as PAL are involved in defense reaction 

in plants (Chen et a l ,  2000). Considering the importance o f  phenol metabolism in tea 

plants, those three enzymes were selected for studies. Results showed that the 

constitutive enzyme activities under no stress conditions o f  the different clones 

varied. Matsumato et a l ,  (1994) reported that Japanese green tea cultivars belonging 

to variety ‘sinensis’ could be divided into three groups on the basis o f their PAL 

cDNA cloning. Assam hybrids could not be placed into any specific groups because 

complex patterns were produced. They confirmed the existence o f  many kinds o f  

PAL gene, expressing o f  which varied depending on the varieties. An elevation in the 

level o f  activity o f  PAL has been frequently demonstrated to be one o f  the earliest 

responses o f  plants to biotic (Southerton and Deverall, 1990; Chakraborty et al 1993; 

Shiraishi et a l 1995) or to other environmental stresses (Kuhn et al., 1984; Eckey- 

Kaltenbach et al., 1997). It was reported by Orczyk et a l ,  (1996) that in sorghum, 

naturally occurring high level o f  PAL activity induced by light should be 

differentiated from the activity induced as a response o f  attempted fimgal infection. 

Battacharya and Ward (1987) reported that PAL activity in soybean was enhanced in 

the resistance response o f  soybean hypocotyls to Phytophthora megasperma f  sp. 

glycinea. Considering that PAL is a key enzyme in the biosynthesis, not only o f  

phytoalexins, but also o f  phenolic compounds in general, and melanins, all o f  which
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have been associated with resistance responses in various host plants, it may be 

suggested that activity o f  PAL could be useful indicator o f  the activation o f defense 

related enzymes.

Polyphenolic are major constituents o f tea leaves and it is expected that they 

would be affected by the different abiotic and biotic stresses ( Chakraborty et. al, 

2005). In case o f  temperature stress it was observed that there was a correlation 

between the inherent phenol content in the tea variety and its increase following 

exposure to elevated temperatures. In general, in those varieies with high inherent 

phenol content, accumulation o f  phenols kept increasing till 50°C. A wide variation in 

the phenol contents in the different tea varieties was also evident. (Chakraborty et.al. 

2001). The observed trend could be explained by the fact that phenols are considered 

to be involved in plant’s defense to various stresses. When subjected to temperature 

stress, varieties with low inherent phenol content increased its accumulation while 

those that already had a higher content did not have to increase synthesis 

(Chakraborty et.al, 2005). In case o f tea, polyphenols are also known to vary 

seasonally (Zakoskiva et.a l, 1991). Thus phenol biosynthesis seems to be well 

regulated to help the tea plant to overcome various stresses. Similarly, in case o f  

drought too, phenol content increased initially up to 8 days o f  stress after which there 

was a decline (Chakraborty e t.a l, 2001)

Alteration o f phenol metabolism following ftmgal infection has been observed in 

many diseases and phenolics have been implicated in the defense reaction in several 

instances (Mahadevan, 1991). There is often a greater increase in phenolic 

biosynthesis in resistant host species than in susceptible host and it is sometimes 

postulated that the increase in phenolic compounds is part o f  the resistance 

mechanism. Some o f these compounds are toxic to pathogenic and non-pathogenic 

fimgi and have been considered to play an important role in disease resistance. The
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involvement o f phenol in the defence strategies o f tea plants against foliar fungal 

pathogens e.g Bipolaris carbonum, Pestalotiopsis theae, Glomerella cingulata has 

been described by Chakraborty et al., (1995, 1996). Biochemical responses to tea 

plants growing in Darjeeling hills exposed to biotic stress due to blister blight 

infection caused by Exobasidium vexans in the levels o f  phenols and enzyme 

activities were studied by Chakraborty et.al (2002). In the present study, the levels o f  

phenolics in leaves o f  resistant and susceptible tea varieties were estimated after 24h 

and 48h o f  inoculation with A. alternata and C. invisum. Host responses could be 

differentiated by changes in content o f phenolic compounds. In both the cases total 

phenol and orthodihydroxy phenol content increased in resistant varieties but 

decreased in susceptible varieties in comparison to their healthy controls.

Sridhar and Ou (1974) reported diffences in total phenolics accumulation in the 

interaction o f  Pyricularia oryzae with rice. Hammerschmidt and Nicholson (1977) 

demostrated a clear difference between resistant and susceptible interaction o f maize 

to Colletotrichum graminicola based on accumulation o f phenols. However, no 

differences were found in the phenolic content in the interaction o f  Helminthosporium 

maydis race T (Macri et a l ,  1974). On the other hand, a resistant cotton cultivar 

contained fairly high amount o f  total as well as orthodihydroxy phenol than 

susceptible cultivar. In the present study, greater accumulation o f  orthodihydroxy 

phenol in resistant interaction o f  A. alternata, C. invisum and tea varieties indicated 

that this might play a role in disease resistance mechanism. Eswaran (1971) has also 

considered hat orthodihydroxy phenols play a major role in disease resistance and 

disease development^They are easily oxidized to highly reactive quinones which are 

effective inhibitors o f  sulphydryl enzymes, thereby preventing the metabolic activities 

o f host and parasite cells (Kalaichelvan and Mahadevan, 1988). There are ample 

evidences that an increased production o f phenolic compounds are involved in 

phytoalexin accumulation (Mansfield 2000).
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Fungitoxicity o f leaf diffusates has been implicated on natural defense mechanism 

o f plants against attack by fiingal pathogens in several instances (Purkayastha and 

Ray, 1975; Hait and Sinha, 1986; Chakraborty and Saha, 1989). Although the drop 

diffusate method has often been criticised as biologically unnatural, the advantage it 

has over other techniques is that a relatively pure phytoalexin preparation can be 

obtained without maceration o f the plant tissues. However, unstable phytoalexins 

might decompose during isolation. On the other hand diffusates do not give any 

indication o f the phytoalexin concentrations within inoculated tissue. Moreover 

phytoalexins which are not diffusible into the inoculum droplet also cannot be 

detected by this method.

Hence, in the present investigation facilitated diffusion technique as suggested by 

Keen (1978) was followed to detect the antifungal phenolics (pyrocatechol) from tea 

leaves inoculated with A. alternata. Healthy leaf extract showed R f 0.63 where as A. 

alternata inoculated tea leaves showed at R f 0.51 which was found to be fungitoxic 

against Curvularia pallescence. No such fungitoxic activity was evident on TLC plate 

in leaf extracts from susceptible variety (TV-22) inoculated with A. alternata but 

traces o f  the inhibition zone was evident in resistant varieties (TV-9) even after 48h 

o f inoculation. R f value and colour reaction o f  this antifungal compound 

corresponded with catechin. The UV spectra from both the healthy and A. alternata 

inoculated leaf extract compounds were analysed at 290 nm. A sharp peak at retention 

time 2.6 was present in both the compounds but in the healthy extracts the peak 

height was much smaller than the inoculated one. Other small humps and shoulders 

were also evident in both the cases.

It is known that catechin is oxidatively cleaved to some simpler phenols and 

phenolic acids like catechol, phloroglucinol and protocatechuic acid. Sambandam et 

a i ,  (1982) isolated an enzyme (catechin 2-3 dioxygensis) from Chaetomium cupreum
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which cleaved catechin into simpler phenols. It is not unreasonable to speculate that 

the antifimgal compound cleaved to some simpler phenols in the present study. In the 

susceptible variety, the breakdown o f catechin was almost complete while traces were 

evident in the resistant variety even after 48h o f  inoculation. Accumulation o f  

pyrocatechol in resistant varieties increased (497-573^ig/g fresh wt.) significantly 

after 48h o f inoculation with A. alternata. Concentration o f this compound in healthy 

leaf tissue is very low (90-110 |j.g/g fi'esh wt.). Accumulation o f  pyrocatechol in 

susceptible variety was not greater than the resistant ones even though complete 

breakdown o f  catechin was detected in the former case. Increased level o f 

pyrocatechol may be associated with the differential host responses to disease 

production.

Two phenolic compounds in leaf difftisates and water extracts o f  maize leaves 

after inoculation with Helminthosporium turcicum have been found antiftmgal. 

However, Hammerschmidt and Nicholson (1977) reported accumulation o f three 

phenolic compounds in maize leaves after inoculation with Colletotrichum 

graminicola which increased earlier in the resistant interaction than in the susceptible 

one. Two o f these three compounds inhibited the germination o f  C. graminicola 

spores in vitro. Role o f  phenolic metabolism in the resistance o f  maize to 

Helminthosporium carbonum  have been investigated by Werder and Kern (1985). 

Accumulation o f  antiftmgal compounds in tea leaf tissue infected with Bipolaris 

carbonum has also been discussed by Chakraborty and Saha (1994). Resistant 

varieties accumulated more pyrocatechol than the susceptible varieties 2 days after 

inoculation with B. carbonum.

Catechins are flavon-3 ols with two hydoxyl groups in the side ring. These 

include gallic acid esters with the acid moiety attached to the hydroxyl groups. 

Kawamura and Takeo (1989) showed the antimicrobial activity o f  tea catechin
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towards Streptococcus mutans. Wang (1991) have reported the presence o f  four forms 

o f catechins such as, (-) epicatechin (EC), (-) epicatechin gallate (ECG), (-) 

epigallocatechin (EGC) and (-) epigallocatechingallate (EGCG). It was also known 

that catechins is oxidatively cleaved to simpler phenols and phenolics acids like 

catechol, phloroglucinol and protocatechuic acid. The enzyme catechins-2,3- 

dioxygenase was isolated from Chaetomium cupreum, which cleaved catechins into 

simpler phenols as mentioned (Sambandam, 1982).

In the present investigation catechins extracted from both the healthy as well as A. 

alterm ta  inoculated tea leaves and analyzed by HPLC. Due to reaction with pathogen 

inoculated leaf samples exhibited more isoforms o f catechin than healthy control. In 

A. alternata inoculated leaves four peaks at 15.7, 18.4, 20.8 and 22.3 retention time 

increased markedly in relation to healthy o f  which two peaks corresponding to 

authentic EGC and EC could be identified whreas level o f  EGCG decreased 

following inoculation with A. alternata. Chakraborty and Saha (1994) reported the 

presence o f  antifimgal catechins in healthy leaf extracts, which were broken down to 

catechol in the infected (with Bipolaris carbonum ) leaves. Nagahulla et.a/. (1996) 

reported the production o f antifimgal compounds in tea leaves following infection 

vdth blister ^dihog&aiExobasidiurri vexans ). HPLC analysis o f  the catechins from 

healthy and blister infected tea leaves showed little qualitative differences and some 

quantitative changes. (Chakraborty et.al, 2002, 2004).

In the present investigation bioresources involving two bioformulations - 

'Metabass' and 'Biocrop’ and plant extracts o f  Azadirechta indica, Catharanthus 

roseus and Diplazium esculentum were applied in the field grown tea plants in order 

to reduce pest infestation by H. theivora and for management o f  Alemaria blight. 

Seven UPASI varieties which showed susceptible reaction towards H. theivora were 

selected for this studies. Incidence o f H. theivora attack decreased markedly after 

foliar application o f  these bioresources. Three defense enzymes PPO, PAL and TAL
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increased significantly in treated plants than the untreated control. Among the 

bioresources tested 'Metabass' formulation was found to be more effective against 

H. theivora. Above three plant extracts were also used as foliar spray on tea plants 

(six susceptible varieties) and their effects were tested for the alteration o f disease 

reaction against A. alternata. Both in vitro and in vivo tests revealed that C. roseus 

was more effective than the other two plant extracts. Phenolic contents as well as 

defense enzymes (CHT, GLU and PAL) increased after foliar application o f plant 

extracts. However higher activity o f  all the defense enzymes were noted in treated 

plants following inoculation with A.alternata than the control. Western blot analysis 

o f acid soluble proteins from plant extracts treated tea plants using PAb-CHT 

revealed the presence o f  new molecular weight protein band. Band o f ca. molecular 

weight 46 was noted in A. indica treated plant where as another new band o f ca. 

molecular weight 29 was evident due to C  roseus and D. esculentum treated plant.

Herger et. al. (1990) have also demonstrated that the leaf extracts o f  Reynoutria 

saehalinensis induced resistance in a number o f  plants against powdery mildews. 

Protection o f  cucumber and tobacco plants against powdery mildews by leaf extracts 

o f R. saehalinensis was also demonstrated to be accompanied by increased activities 

o f peroxidases, p -1,3 glucanase, polyphenol oxidase and PAL. Treatment in 

cucumber leaves with leaf extracts o f R. saehalinensis caused accumulation o f  

phenols protecting them against Sphaerotheca fuliginea  (Daayf et. a l.1995). It is also 

noted that tea leaves treated with plant extracts induced an increase in the activity o f  

chitinase, p-1,3 glucanase and phenylalanine ammonia lyase enzyme which led to an 

increased phenol biosynthesis rendering the leaves resistant to A. alternata. Increased 

activity o f PAL, TAL, the key enzymes in phenol biosynthesis by neem product have 

also been demonstrated earlier by Singh and Prithviraj (1997). The results o f present 

study provide additional evidence that host metabolic pathway altered by treatment 

with plant extracts can result in an effective resistance against disease. Salicylic acid
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can induce resistance when sprayed exogenously. Plants treated with SA and then 

reacted with PAb-CHT revealed the presence o f  PR-3 when labeled with FITC in 

immunohistological studies. The presence o f defense enzyme in mesoplyll tissues 

were also evident. Plants treated with SA were further studied for accumulation o f  

PR-3 following EM observation. Deposition o f  chitinase was evident following 

immunogold labelling with PAb-CHT in the cellular compartment.

Any drastic change in the basic physiology o f  tea plant could influence the 

development o f  a disease. Inducible defenses in tea plants against foliar fungal 

pathogens and pests can be strongly influenced by the mix o f signals generated by 

external biotic factors as well as by abiotic stresses such as draught, nutrient 

limitation, or high soil salinity (Chakraborty et.al, 2005). Our ability to capitalize on 

inducible defenses and utilize them optimally in agriculture depends, in part upon a 

fundamental knowledge o f  their biochemical nature, and o f  the specificity and 

compatibility o f  the signaling systems that regulate their expression. The importance 

o f the phytohormones salicylic acid and jasmonic acid as critical signals in induced 

resistance responses in plants is recognized. It is well known that plants defend 

themselves from microbial pathogens through different mechanisms including the 

synthesis o f antimicrobial phytoalexins, the hypersensitive response, and cell wall 

modification. The inductions o f  phytoalexins in infected plants is presumed to be 

mediated by an initial recognition process between plants and pathogens which 

involves detection o f  certain unique molecules o f  pathogen origin, termed elicitors, 

by recognitional receptor-like molecules in plants, thereby setting o ff a cascade o f  

biochemical events leading ultimately to phytoalexin accumulation. In the present 

study, multicomponent coordinated defense response o f  tea plants to pest and 

pathogen has been elucidated. It is not unreasonable to speculate that a relationship 

might exist between the production o f  antimicrobial phenolics - pyrocatechol and 

defense enzymes since both are defense component and are regulated by host genes. 

To trace the relationship between phytoalexins and PR-proteins, PAL may be 

considered as an important factor. PAL plays an active role in the biosynthesis o f
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cinnamic acid from phenylalanine; cinnamic acid is closely associated with 

biosynthetic pathways o f some isoflavonoid phytoalexins. Salicylic acid, an inducer 

o f PR-proteins, is also synthesized from cinnamic acid via benzoic acid and 

accumulation o f  salicylic acid may induce production o f  PR-proteins. The results o f  

the present study showed the plant extract not only reduced incidence o f  Helopeltis 

attack as well as Altemaria blight, but also induced both antifungal phenolics and 

defense enzymes (PAL,TAL,CHT and GLU). It is likely that the speed o f defense 

response o f  susceptible tea varieties are usually slow or weak and the production o f  

defense components are not sufficient for the total inhibition o f  growth o f the 

pathogen or the synthesis o f  certain critical components o f defense are not activated 

by the infection process. The delay in recognition o f  the pathogen and induction o f 

the defense response, in this case, are also not unlikely. It has been possible to 

enhance the speed o f  response to some extent by the various applications o f 

bioresources which is evident from the higher production o f  antifungal phenolics, 

higher activities o f  PAL, TAL, CHT and GLU in treated than in untreated plants. 

Such induced resistance to pathogen and insects using biological agents as well as 

bioresources can be viewed as a desirable crop protection strategy with a relatively 

benign environmental impact. Crucial to the success o f  induced resistance in 

agriculture is an understanding o f  the range and limitations o f  this form o f pest and 

pathogen control, especially in different stress context. There is sufficient evidence to 

indicate potential constraints at the level o f  specific signal interaction whereby it may 

not be possible to simultaneously maximize defense against all kind o f attackers. 

Indeed, induction o f resistance to one pest may result in an increased vulnerability to 

another. These constraints derive in part from the balance o f  interacting regulatory 

signals, all o f  which can be strongly influenced by abiotic stresses typically 

encountered in agriculture. The potential for interaction among abiotic and biotic 

stressors provokes a number o f  intriguing issues that could impinge on our ability to 

deploy or optimize induced resistance strategies.


