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3.1. Collection o f soil samples

Soil samples were collected from the rhizosphere of tea plants of different 

ages growing in different tea states, as follows: Hansqua. Chandmani. Falakata. 

Nagrakata tea estates (90, 80, 50 and 40 year old bushes respectively), as well as Tea 

Experimental Garden, University o f  North Bengal (10 year old bushes), from the 

plains and Margaret’s hope Tea Estate, Darjeeling (75 year old bushes) from the 

hilly regions at an altitude o f  2000 metres above sea level. The soil samples collected 

from these plantation areas were used for determining microbial population and 

isolation of microorganisms.

3.2. Isolation o f rhizosphere bacteria

Isolation o f  rhizobacteria was made from the rhizosphere o f  healthy tea 

plants. Five grams of soil particles loosely adhering to the roots were collected. The 

soil suspension was prepared by dissolving the soil sample in 30 ml o f  sterile 

distilled water using magnetic stirrer for 1 h. The suspension was allowed to settle 

down till the two distinct layers were clearly visible. Then the upper light brown

colored layer was pippeted out and serial dilutions were made. I ml each o f  10"^ and

I0‘4 dilutions was actually used for isolation by dilution plate technique (Kobayashi 

el al., 2000) using Nutrient Agar (NA- peptone 5 g, NaCl 5 g, beef extract 1.5 g. 

yeast extract 1.5 g, agar 12 g and distilled water 1 L; pH 7.2 ± 0.2), King’s B media 

(KB- Peptone 20 g, K2HPO4, anhydrous 1.5 g, MgS0 4 . 7 H2O 1.5 g. Glycerol 15 ml 

in 1 L dist. Water, pH 7.4 ± 0.2 ) and Potato Dextrose Agar (PDA- Potato 400 g. 

Dextrose 20 g, agar 20 g, distilled water I L; pH 7.3 ± 0.2) as the growth media. The 

petriplates were then placed in an incubator for observation o f  the microbial growth 

after 24, 48 and 96 h,

3.3. In vitro antagonistic tests of rhizosphere bacteria

3.3.1. Solid medium

The efficacy o f  individual bacterial strain, isolated from tea rhizosphere. for 

inhibiting growth o f  the pathogens was tested in vitro in dual culture using PDA or 

NA. Each bacterial isolate was streaked at one side o f  the agar plate about 1cm away



57

from the edge and 7 mm diameter plug o f  the pathogen taken from growing edge of 

the fungal culture was inoculated at the other half of the petriplate or by placing the 

fungal inoculum in the centre and streaking the bacteria around the fungal inoculum. 

For each test three replicate plates were used. The plates were incubated for 5-7 days 

(depending upon the growth rate o f  the pathogen) at 26°C and inhibition zone 

towards the fungal colony in individual plate was quantified. Results were expressed 

as mean o f  percentage o f  inhibition o f  the growth of the pathogen ± standard error in 

presence o f  the bacterial isolates.

3.3.2. Liquid medium

Both the fungal inoculum (7 mm plug) and the bacteria were inoculated in 

broth (PDB and NB) and incubated for 6-8 days. The fresh weight as well as dry 

weight o f  the fungal mycelium was taken. The mycelium grown without the bacterial 

strain in the similar medium was taken as the control sample. Three replicates were 

taken in each case.

3.4. Identification o f selected antagonists

3.4.1. M icroscopic observation

For microscopic identification o f  bacteria, these were gram stained and 

observed under microscope. Gram technique involves the application o f  two dyes, 

crystal violet and safranin.

The slide was placed on a rack and flooded the entire slide with crystal violet 

and allowed the crystal violet to stand for about a minute. When the time had 

elapsed, the slide was washed with water for 5 s. Next, the slide was flooded with the 

iodine solution and allowed it to stand for a minute as well. After a minute the slide
W4& ciddtd ■

was rinsed with water for 5 s, after which ethanol^ The ethanol was added drop wise 

until no blue-violet color was emitted from the specimen. Finally the slide was 

rinsed with the water for 5 s, dried and observed under microscope.
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3.4.2. Biochemical tests

i. Endospore stain

The bacterial smear was prepared on the slide by passing the slide over the 

flame. The fixed slide was flooded with the solution o f  malachite green and placed 

the slide over boiling water bath for 5 min. After rinsing, the smear was counter 

stained with safranin.

ii. Voges Proskauser reaction

Culture tubes containing 10 ml sterile VP broth were inoculated with the 

bacterial isolates and incubated at 37°C for 3 days. To the cultures 0.6 ml o f  5 % w/v 

ethanolic a  napthol and 0.2 ml o f  40 % w/v aqueous potassium hydroxide were 

added and kept at room temperature for I h for production o f  pink color indicating 

positive reaction.

iii. Catalase

Bacterial cultures (24 h old) were flooded with 0.5 ml of 10 %  H2O 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 3-7 days. The change in color o f  the medium indicates the presence of 

urease.

V. Escuiine hydrolysis

The slants containing escuiine hydrolysis test medium were inoculated with 

24 h old bacterial culture and incubated at 30°C for 7 days. Blackening o f  the 

medium indicates the hydrolysis o f  escuiine.

vi. Casein hydrolysis

The milk agar was streaked with the bacteria and was incubated at 37°C and 

observed for the clear zone around the streaks.
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vii. Starch hydrolysis

The bacteria were streaked on sterilised starch agar plates (NA + O.I % soluble 

starch) and incubated for 5 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

10 mi o f  Davis Mingoli’s broth supplemented with 0.1 % tryptophan were 

inoculated with the isolates and incubated anaerobically at 37°C for 7 days. The 

cultures were layered carefully with 2 ml of Ehrlich-Bohme (p- 

dimethylaminobenzaldehyde 10 g, concentrated HCl 100 ml) reagent on the surface, 

allowed to stand for a few minutes and observed for the formation o f  a ring at the 

medium 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 medium became turbid. Three drops o f  nitrate reduction test reagent [Sol A; 

H2SO4 0.8 g, 100 ml 5 N Acetic acid; Sol B: 0.5 g a  napthylamine and 100 ml

acetic acid. The solutions A and B were mixed in equal volume just before use] was 

mixed in 1ml of the cultures and observed for the development of red or yellow color 

indicating the presence o f  nitrate.

3.5. Plant materials

3.5.1. Tea

Different varieties o f  tea plant {Camellia sinensis (L) O. Kuntze), which were 

maintained in the Germ Plasm bank at Department o f  Botany, North Bengal 

University, were used for the experimental purposes. The plant varieties were 

originally collected from Darjeeling Tea Research Centre, Darjeeling (K l / I ,  CP I. S 

449 and HV 39), Tea Experimental Station, Tocklai (TV 20, T 78, TV 18 and T 17) 

and United Planters Association o f  South India, Tamil Nadu (UP 26, UP 3 and BSS 

2).
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Tea plants were propagated by cutting. Soil preparation is the most important 

in propagation technique 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 % aluminium sulphate solution followed by leaching with water to 

remove excess aluminium sulphate.

Polyethylene sleeves (8"x6") were filled up with the prepared soil and 

stacked in rows in bed and watered thoroughly. The cuttings o f  all varieties were 

allowed for rooting in individual sleeves after dipping them in rooting hormone. 

Sleeves o f  each bed were covered with polythene cloche and the whole setup was 

kept under a green agro house.

In case o f  young seedlings, manuring (aluminium phosphate - 8 parts by 

weight, ammonium phosphate- sulphate 16: 20 -  35 parts by weight, magnesium 

sulphate and zinc phosphate 3 parts by weight) was done after rooting following 

the method o f  Ranganathan and Natesan (1987). The mixture was dissolved @ 30 g 

in 1 L o f  water and applied @ 50 ml per plant. Tipping was done once in a year to 

promote lateral branching in young plants but in case o f  mature plants two year of 

deep pruning cycle was maintained.

The selected seedlings were transplanted in the 12" earthen pots. The soil 

mixture was prepared in the ratio 4.5 kg o f  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 o f  the pot little bit o f  rock 

phosphate is placed following which the pot was covered with planting soil mixture. 

Ten month seedlings 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. Chickpea

The seeds o f  two different genotypes o f  chickpea viz. ICC V2 (Swetha) and 

ICC C37 (Kranthi) required for experimental purpose were obtained from the seed 

germplasm bank o f  international Crop Research Institute for Semi Arids and 

Tropics, Patancheru, Andhra Pradesh. Seedlings o f  different genotypes were then
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raised from these seeds stock in the experimental garden of Botany Department, 

North Bengal University.

3.5.3. Orchid

Three different genera o f  orchid viz. Phaleonopsis, Oncidium  and Vanda 

were obtained from Janak Nursery, Siliguri. The plants were maintained in pot 

containing mixture o f  brick pieces and charcoal (50:50) at greenhouse and watering 

regularly.

3.6. Fungal culture

3.6.1. Source o f culture

Tea root pathogens Fomes lamaoensis (Murr.) Sacc. & Trott., Poria 

hypobrumea  and Sphaerostilbe repens B & Br. were obtained from Immunophyto- 

pathology laboratory, Dept, o f  Botany, North Bengal University and were being 

maintained in the laboratory with regular sub culturing in PDA for subsequent tests. 

Sclerotium rolfsii Sacc. 1 causing seedling blight in tea, Sclerotium rolfsii Sacc. 11 

causing crown rot in orchid and collar and root rot disease in C. ahetinum  and 

Sclerotinia sclerotiorum  (lib.) de Bary causing white rot, isolated from Vanda were 

obtained from Immuno-Phytopathological laboratory, Department o f  Botany. North 

Bengal University (Plate II).

3.6.2. Assessment o f mycelial growth

Mycelial growth was assessed in both on solid media and liquid media for 

various experimental purposes.

3.6.2.1, Solid media

To assess the growth o f  fungal cultures in solid media, the fungus was llrst 

grown on petridishes, each containing 20 ml o f  PDA and NA followed by incubation 

for 5-8 days at 30°C. Agar block (6 mm diameter) containing the mycelia was cut 

with sterile cork borer from the actively growing region of mycelial mat and 

transferred to each petridish containing 20 ml o f  sterilized solid media. The colony 

diameter was studied at regular interval o f  time.
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Plate II (A-F): Test flingi growing on PD A plate A: Fam es lamaoensis\ 
B: Sclerotinia sclerotiorum  C: Sphaew stilbe  repens', D: Sclerotium  rolfsii I 
E: Sclerotium  rolfsii I I ; F: Poria hypobrumea.



63

3 .6 .2 2 . Liquid media

The mycelial block from the actively growing region o f  the fungus in the 

petriplate was cut with sterilised cork borer and transferred to Ehrlenmeyer tiask 

(250 ml) containing 50 ml o f  sterilized liquid media (NB or PDB) and incubated for

6 - 8  days with constant stirring at room temperature. After incubation the mycelia 

were strained through muslin cloth, collected in aluminium foil cup o f  known weight 

and dried at 60°C for 96 h, cooled in dessicator and weighed.

3.7. In vitro characterization of PGPR activity o f selected bacteria

3.7.1. lA A  production

For detection and quantification o f  lAA, the selected bacterial cells were 

grown for 24 h to 48 h in high C/N ratio medium. Tryptophane (0.1 mM) was added 

in order to enhance acetic acid (lAA) production by the bacteria (Prinsen ei al.. 

1993). Production o f  lAA in culture supernatant was assayed by Pillet-Chollet 

method as described by Dobbelaere et al., 1999. This method was shown to be more 

sensitive and more specific than the Salkowski based calorimetric technique 

(Glickmann et al., 1995). For the reaction, I ml o f  reagent, consisting o f  12 g FeCl3

per litre in 7.9 M H2SO4 was added to 1 ml o f  sample supernatant, mixed well, and

kept in the dark for 30 min at room temperature. Absorbance was measured at 530 

nm.

3.7.2. Phosphate solubilisation

The phosphate solubilising test was done in the solid medium. The medium 

used was Pikovskaya’s medium (Pikovskaya, 1948). Agar plates were prepared and 

the bacterial strains were individually spot inoculated at the centre o f  the plates 

followed by incubation for 5 - 6 days. The plates were observed for clear zone 

around the colony and the diameter o f  the clearing zone was measured.

3.7.3. Siderophore production

The selected isolates were characterized for iron dependent siderophore 

production following standard method (Schwyn and Neiland, 1987) using blue 

indicator dye, chrome azurol S (CAS). For preparing CAS agar, 1 L, 60,5 mg CAS
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was dissolved in 50 ml water and mixed with 10 ml iron (ill) solution (1 mM 

FeCl3 .6H2 0  in 10 mM HCl). With constant stirring this solution was added to 72.9

mg hexa-decytrimethyl ammonium bromide (HDTMA), dissolved in 40 ml 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 o f  foam, and poured into sterile petriplates (25 ml per plate). The plates 

were inoculated with the bacteria and incubated for 10-15 days till any change in the 

color o f  the medium was observed.

The antagonistic bacterial strains were streaked separately into the petriplates 

containing PDA amended with FeCl3 at concentration o f  150 jig ml ', 300 ml '.

and 600 fo,g ml '. The actively growing discs o f  fungal test pathogen F. lamaoensis 

was placed opposite the bacterial streak simultaneously and incubated at 28°C. The 

zone o f  inhibition was measured after 7 days o f  growth. The plate containing the 

fungal pathogen and the bacteria on PDA without FeCl3 was treated as control. The

experiment was done in replicates o f  three,

3.7.4. HCN production

Production o f  hydrocyanic acid was determined using the procedure 

described by Wei et al. (1991) with slight modification. Bacteria were grown on NA 

medium amended with glycine (4.4g L"'.) in a petriplate, 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 color o f  the filter paper strip from yellow to brown to red.

3.7.5. Chitinase production

For detecting the chitinolytic behavior o f  the bacteria chitinase detection agar 

(CDA) plates were prepared by mixing 10 g colloidal chitin with 20 g o f  agar in M9 

medium (Na2 HP0 4  0.65 g, KH2PO4 1.50 g, NaCI 0.25 g, NH 4CI 0.50 g. MgS0 4  

0 .12 g, CaCl2 0.005 g and distilled water I L; pH 6.5).
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The CDA plate was spot inoculated with organism followed by incubation at 

28°C for 7-10 days. Formation o f  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 o f  chitin powder was slowly added to 60 ml 

o f  concentrated HCl and left at 4°C overnight with vigorous stirring. The mixture 

was added to 2 L o f  ice cold 95 % ethanol with rapid stirring and kept overnight at 

25°C. The precipitation formed was collected by centrifugation at 7000 rpm for 20 

min at 4°C and washed with sterile distilled water until the colloidal solution became 

neutral (pH 7). The prepared colloidal chitin solution (5 %) was stored at 4°C until 

further use.

3.7.6. Volatile production

The antagonistic bacteria were grown in petriplates for 12 h. A fungal disc 

(6 mm) cut from freshly growing mycelia o f  fungus was placed at the centre o f  the 

bottom part o f  another plate containing PDA medium. The plate inoculated with 

fungus was placed in an inverted position over the other plate containing the 

bacterial culture o f  different age (same as pathogen, 1 day older, 2 days older. 3 days 

older and 4 days older than the pathogen) and were sealed with parafilm to isolate 

inside atmosphere and to prevent loss o f  volatiles formed. Plates were incubated at 

25°C for 3-4 days. Radial growth of pathogen was measured after definite time 

interval. The plate without bacteria was treated as control (Dennis and Webster. 

1971.). Each experiment considering a single bacterial isolate was performed in 

triplicate.

3.8. Extraction of antifungal compounds from bacteria

3.8.1. Cell free culture filtrate

The antagonistic bacteria were grown in NB medium for 96 h at 37°C in 

shaking condition. Centrifugation was done at 15000 rpm for 20 min and supernatant 

was pooled and passed through the micro filter (0.22 |am pore size). Portion o f  this 

was further used for further bioassays.
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The cell free culture filtrate (1000 ml) extracted separately three times with 

equal volume o f  acetone, benzene, chloroform, ethylacetate and diethylether. The 

organic fraction and corresponding aqueous fractions were evaporated to complete 

dryness in a rotary evaporator at room temperature and residue in each case was 

dissolved in 2.5 ml o f  80 % methanol used for the bioassays.

3.8.2. W hole cells

Extraction of the active principles from the bacteria grown in solid media 

was carried out with slight modification o f  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 I cm squares and extracted in 200 ml o f  80% 

aqueous acetone, filtered through a cheese cloth and the filtrate was centrifuged at 

15000 rpm for 10 min. The supernatant was evaporated to remove acetone. To 

residue (5 g 100 ml''), NaCI was added and centrifuged at 15000 rpm for 10 min. 

Each portion o f  the supernatant was extracted twice in diethyl ether and dried over 

anhydrous calcium chloride. The compound in a crystalline form was recovered 

from this residue. This was dissolved in methanol and used for bioassay.

3.9. Bioassay o f active principle

Antifungal activity o f  active principles or cell free culture filtrate was 

checked by radial growth bioassay, spore germination bioassay and sclerotial 

germination bioassay.

3.9.1. Spore germination

For spore germination bioassay, a drop o f  the test solution was placed on a 

clean, grease free slide and allowed to evaporate following which a drop o f  spore 

suspension was placed over it. In another slide, methanol was added in place o f  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 petriplate for 24 hrs at 25°C ± 1°C. Finally one drop 

o f  lactophenol -  cotton blue was added to each spot to fix the germinated spore. The
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slides were observed under microscope and tiie percentage o f  germination was 

determined.

3.9.2. Sclerotial germination

For assessing the effect o f  the active principle from bacteria or cell free 

culture filtrate on the sclerotial germination o f  S. rolfsii and S. sclerotiorum. the 

sclerotia were scrapped off from the culture growing in PDA. The sclerotia were 

then soaked overnight^test solution. The sclerotia soaked in sterile distilled water 

served as the control. After overnight soaking the sclerotia were transferred 

asceptically to the petridish containing PDA and incubated at room temperature. The 

inhibition in the germination o f  sclerotia was evaluated by counting the number of 

germinated sclerotia.

3.9.3. Radial growth

The test solution was added to the media (PDA) at different percentage 

starting from 20 % up to 80 %. The plates were allowed to solidify and then 

inoculated with pathogen.

3.9.4. Agar cup bioassay

PDA medium was poured in the sterile petriplates and allowed to solidify, 

then bored with a sterile cork borer (7 mm). Test solution (0.2 ml) was added to each 

cup and the fungal inoculum (6 mm) was placed at the centre. The plate was 

incubated at 27°C for desired period. The diameter of the fungal pathogen was 

noted. The plate containing 0.2 ml o f  dissolving solvent and plate without any 

solvent served as solvent control and control respectively. The experiment was 

performed in replicates o f  three and was repeated thrice.

3.9.4. Liquid medium

Cell free culture filtrate was added to the liquidmedium (PDB and NB) ai 

different percentage (20-80 %) and inoculated with pathogen.

The whole setup was incubated at 28°C for 6-7 days to observe the growth of 

pathogen. The media without the cell free culture filtrate was treated as the control.
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3.10. Partial characterization o f active principle

3.10.1. UV-spectropiiotometry

The antifungal compounds were analyzed in UV spectrophotometer (SISCO, 

model Digispec 200GL) at a range o f  200 to 400 nm and maximum absorption was 

determined.

3.10.2. HPLC

Analysis by HPLC was carried out on a Shimadzu Advanced VP Binary 

Gradient system with a C-18 ODS column using 50 % acetonitrile as the mobile 

phase, in isocratic mode. Injection volume o f  the sample was 20 )j.l and flow rate

I ml min '. Detection was at 236 nm and 207 nm for 2 samples. Total run time was 

20 min.

3.11. Application of bacteria

3.11.1. Soil drench

The bacteria were grown in NB for 48 h at 28°C and centrifuged at 15000 

rpm for 15 min. The pellet obtained was resuspended in sterile distilled water. The 

optical density o f  the suspension was adjusted using a UV-VIS spectrophotometer

following method to obtain a final density of 3x10^ cfu m f ' .

The bacterial suspension was applied to the pots during transplantation of 

seedlings from sleeves. Applications were done @ 100 ml per pot at regular interval 

o f  one month for three months subsequently. The rhizosphere o f  two years old potted 

plants were inoculated twice at an interval o f  20-25 days.

3.11.2. Foliar spray

The bacterial pellet suspended in sterile distilled water at a concentration of

3x10^ cfu ml"' after the addition o f  a few drops o f  Tween-20 was sprayed until run 

off on the foliar part o f  the ten year old bushes after pruning. The spraying was done 

fortnightly till the new shoots started appearing.
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3.11.3. Seed bacterisation

C. arietinum  seeds were surface sterilized with 0.1 % mercuric chloride and

treated with bacterial culture with a concentration o f  2x10^ cfu ml '. 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.

3.12. Determination o f plant growth promoting activity

3.12.1. Tea

The experiment was conducted under greenhouse conditions to assess the 

efficacy of selected bacterial isolates to promote plant growth. The growth 

promotion by individual bacteria was assessed in seedlings by comparing the 

increase in height, number o f  leaves o f  the treated plants to the untreated control 

plants under the same environmental and physical conditions (temperature 30-34°C; 

R.H. 60-80 %; 16 h photoperiod). The experiment consisted o f  ten replicates in each 

treatment in completely randomized design. Similarly, the growth promotions in

2 year old plants were also recorded in terms of Leaf Area Index (LAI) o f  individual 

plant (Watson, 1947) and number o f  branches o f  the treated and untreated control 

plants. Observations were recorded after 2 and 4 months o f  final application of 

bacterium to the soil.

The growth promotion by foliar application o f  bacterial suspension was 

assessed by the time o f  appearance o f  new shoots, overall growth o f  canopy and 

general increase in biomass.

3.12.2. Chickpea

Plant growth promoting activity o f  bacteria was assessed based on the 

seedling vigour index. Seed germination percentage o f  seeds was determined. The 

root and shoot length o f  individual seedlings were measured to work out the vigour 

index using the formula suggested by Baki and Anderson (1973).

Vigour Index = (Mean shoot length + root length) x % germination.

The experiment was carried out in three replicates with 30 seeds in each plate.
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3.13. Extraction o f enzymes from leaves

3.13.1. p -l,3 -g lu can ase

Extraction o f  (3-1,3- glucanase (EC.3.2.1.39) was done following the method 

described by Pan et al. (1991). Tea leaf sample (1 g) was crushed in liquid nitrogen 

and extracted using 5 mi o f  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 10000 

rpm for 15 min at 4°C and the supernatant was used as crude enzyme extract.

3.13.2. Chitinase

Extraction of chitinase (EC. 3.2.1.39) was done by following the method 

described by Boiler and Mauch (1988) with modifications. Ig o f  leaf sample from 

the tea plants were crushed in liquid nitrogen and extracted using 5 ml o f  chilled 

0.1 M sodium citrate buffer (pH 5.0). The homogenate was centrifuged at 12000 rpm 

for 10 min, and precipitate was discarded. The supernatant was used as enzyme 

source.

3.13.3. Phenylalanine ammonia lyase

Extraction o f  phenylalanine ammonia lyase (EC.4.3.1.5) was done by 

following the method described by Chakraborty et al. (1993) with modifications. 

Leaf samples were crushed in liquid nitrogen and extracted using 5 ml o f  0.1 M 

sodium borate buffer (pH 8 .8) containing 2 mM p-mercaptoethanol in ice. The 

slurry was centrifuged at 15000 rpm for 20 min at 4°C. The supernatant was 

collected and after recording its volume, was immediately used for assay or stored at 

-20°C.

3.13.4. Peroxidase

For the extraction o f  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 p mercaptoethanol under ice cold conditions. The 

homogenate was centrifuged immediately at 15000 rpm for 20 minutes at 4 T .  After 

centrifugation the supernatant was collected and after recording its volume was 

immediately used for assay or stored at -20°C (Chakraborty el al.A  993).
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3.13.5. Polyphenol oxidase

Extraction o f  polyphenol oxidase (EC. 1.14.18.1) from the tea leaf tissue was 

done following the method described by Mahadevan and Sridhar (1982) with 

modifications. Ig leaf samples were weighed out and cut into pieces o f  l-2cm. The 

sample pieces were crushed in liquid nitrogen and extracted using 5ml (0.1 M) 

phosphate buffer pH 6 .6 . The brei was centrifuged at 15000 rpm for 15 min at 4"C. 

The supernatant was decanted and used as enzyme source for further assay.

3.14. Assay o f enzyme activities

3.14.1. p -l,3 -g lu can ase

Estimation o f  the (3,1-3, glucanase activity was done by following the 

laminarin dinitrosalicylate method described by Pan et al. (1991). The crude 

enzyme extract o f  62.5 |o.l was added to 62.5 |il o f  laminarin (4 %) and then 

incubated at 40°C for 10 min. The reaction was stopped by adding 375 j.il o f  

dinitrosalicylic reagent and heating for 5 min on a boiling water bath. The resulting 

colored solution was diluted with 4.5 ml o f  water, vortexed and absorbance was 

recorded at 500 nm. The blank was the crude enzyme preparation mixed with 

laminarin with zero time incubation. The enzyme activity was expressed as jag 

glucose released min"' g'* fresh tissue.

3.14.2. Chitinase

Chitinase activity was measured according to the method described by Boiler 

and Mauch (1988). Assay mixture consisted o f  10 (il o f  I M sodium acetate buffer. 

pH 4.0, 0.4 ml o f  enzyme solution and 0.1 ml o f  colloidal chitin. Colloidal chitin was 

prepared as per the method o f  Roberts and Selitrennikoff (1988). After 2 h of 

incubation at 37°C, the reaction was stopped by centrifugation at 10000 g for 3 min. 

An aliquot o f  supernatant was pipetted into a glass reagent tube containing 30 |liI of

I M potassium phosphate buffer, pH 7.1 and incubated with 20 |il o f  (3% vv/v) 

desalted snail gut enzyme Helicase (Sigma) for Ih. After Ih. the pH o f  the reaction 

mixture was brought to 8.9 by addition o f  70 |al o f  1 M sodium borate buffer 

(pH 9.8). The mixture was incubated in boiling water bath for 3 min and then rapidly
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cooled in an ice. After addition o f  2 ml p-dimethylamino benzaldehyde (DMAB) 

reagent, the mixture was incubated for 20 min at 37°C

Immediately thereafter the absorbance value at 585 nm was measured using a 

UV-VIS spectrophotometer. N-acetyl glucosamine (GlcNAc) was used as standard 

Reissig el al.y\959). The Enzyme activity was expressed as jag GlcNAc min"' mg"' 

fresh tissue.

3.14.3. Phenylalanine ammonia lyase

Phenylalanine ammonia lyase activity in the supernatant was 

determined by measuring the production o f  cinnamic acid from L-phenylalanine 

spectrophotometrically. The reaction mixture contained 0.3 ml o f  300 )a!V1 sodium 

borate (pH 8 .8), 0.3 ml o f  30 )aM L-phenylalanine and 0.5 ml o f  supernatant in a 

total volume o f  3 ml. Following incubation for I h at 40°C the absorbance at 290 nm 

was read against a blank without the enzyme in the assay mixture. The enzyme

activity was expressed as |ag cinnamic acid produced in I min g‘ * fresh weight of 

tissue.

3.14.4. Peroxidase

For determination o f  peroxidase activity, lOOjil o f  freshly prepared crude 

enzyme extract was added to the reaction mixture containing I ml o f  0.2 M 

Sodium phosphate buffer (pH 5.4), 100 |al o f  4 mM H2O 2 , 100 ^1 o f  O- dianisidine

(5 mg m f '  methanol) and 1.7 ml o f  distilled water. Peroxidase activity was assayed 

spectrophotometrically at 460 nm by monitoring the oxidation o f  0-dianisidine in 

presence o f  H2O 2 (Chakraborty el a l .  1993). Specific activity was expressed as the 

increase in absorbance at 460 nm g '’ tissue min"'.

3.14.5. Polyphenol oxidase

Polyphenol oxidase activity was measured by the method o f  Mahadevan 

and Sridhar e( al. (1982). The reaction consists o f  I ml of enzyme extract and 2 ml o f  

0.2 M sodium phosphate buffer (pH 6.0). For reaction 2 ml o f  0.2 M sodium



phosphate buffer pH 6.0 containing 0.01 M pyrogallol was added. Reading was noted 

aftei" every 1 minute at 495nm. Activity was expressed as AA495 min‘ 'g " '  fresh wt.

3,15. Isozyme analysis by PAGE

3,15.1. Peroxidase

Polyacrylamide gel electrophoresis (PAGE) was performed for isozyme 

analysis o f  peroxidase. Extract for isozyme analysis was prepared by crushing 1 g of 

leaf tissue in a mortar and pestle in 2 M sodium phosphate buffer (pH 7.0) in ice cold 

condition as described by Jayaraman el a i ,  (1987) and used immediately for the 

isozyme analysis.

i). Preparation o f the stock solution

Solution A: Acrylamide stock solution (Resolving gel)

For the preparation o f  acrylamide stock solution for resolving gel 28 g o f  

acrylamide and 0.74 g of N ’ N ’ methylene bisacrylamide was dissolved in 100 ml of 

distilled water. The stock solution was filtered with Whatman No. 1 filter paper and 

stored at 4°C in dark bottle.

Solution B: Acrylamide stock solution (stacking gel)

For the preparation o f  acrylamide stock solution for stacking gel 10 g of 

acrylamide and 2.5 g o f  N ’ N ’ bisacrylamide was dissolved in 100 ml o f  distilled 

water. The stock solution was filtered and stored at 4°C in dark bottle.

Solution C: Tris- HCI (Resolving gel)

36.6 g o f  Tris base was mixed with distilled water and 0.25 ml o f  N, N. N '. 

N ’- tetramethyl ethylene diamine (TEMED) was added. The pH was adjusted to 8.9 

with concentrated HCL. The volume o f  the solution was made up to 100 ml with 

distilled water. The solution was then stored at 4°C for further use.

Solution D: Tris-H CI (Stacking gel)

5.98 g o f  Tris base was mixed with distilled water and 0.46 ml o f  TEMED 

and the pH was adjusted to 6.7 with concentrated HCI. The volume o f  the solution
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was made up to 100 ml with distilled water. The solution was stored at 4°C for 

further use.

Solution E: Ammonium persulphate solution (APS)

Fresh solution o f  APS was prepared by dissolving 0.15 g of APS in 10 ml o f  

distilled water.

Solution F: Riboflavin solution

Fresh solution o f  Riboflavin was prepared by dissolving 0.4 mg o f  riboflavin 

in 10 ml distilled water. The solution was kept in dark bottle to protect from light. 

Solution G: Electrode buffer

Electrode buffer was prepared freshly by dissolving 0.6 g o f  Tris base and 2.9 

g glycine in I L of distilled water.

ii). Preparation o f gel

For the polyacrylamide gel electrophoresis o f  peroxidase isozymes mini slab 

gel was prepared. For slab gel preparation, two glass plates were thoroughly cleaned 

with dehydrated alcohol to remove any trace o f  grease and then dried. 1.5 mm thick 

spacers were placed between the glass plates on three sides and these were sealed 

with high vacuum grease and clipped thoroughly to prevent any leakage o f  the gel 

solution during pouring. 7.5 % resolving gel was prepared by mixing solution A; C; 

E: distilled water in the ratio o f  1; 1 :4 ;  1 by pipette leaving sufficient space for 

(comb + I cm) the stacking gel.

This resolving gel was immediately over layered with water and kept for 

polymerization for 2 hours. After polymerization o f  the resolving gel was complete, 

over layer was poured o ff  and washed with water to remove any unpolymerized 

acrylamide. The stacking gel solution was prepared by mixing solutions B; D: F; 

distilled water in the ratio o f 2: I; 1:4.

Stacking gel solution was poured over the resolving gel and comb was 

inserted immediately and over layered with water. Finally the gel was kepi for 

polymerization for 30- 45 minutes in strong sunlight. After polymerization o f  the 

stacking gel the comb was removed and washed thoroughly. The gel was now finally



mounted in the electrophoretic apparatus. Tris- Glycine running buffer was added 

sufficiently in both upper and lower reservoir. Any bubble, trapped at the bottom of 

the gel, was removed very carefully with a bent syringe.

iii). Sample Preparation

Sample (32 |il) was prepared by mixing the sample enzyme (20 |il) with gel 

loading dye (40 % sucrose and I % bromophenol blue in distilled water) in 

cyclomixture in ice cold condition. All the solutions for electrophoresis were cooled. 

The samples were immediately loaded in a predetermined order into the bottom of 

the wells with a microlitre syringe.

iv). Electrophoresis

Electrophoresis was performed at constant 15 mA current for a period of

3 - 4 h at 4°C until the dye front reached the bottom o f  the gel.

v). Fixing and Staining

After electrophoresis the gel was removed carefully from the glass plates and 

then the stacking gel was cut off  from the resolving gel and finally stained. Staining 

o f  the gel was performed following the method o f  Reddy and Gasber,( 1973).

The gel was incubated in the aqueous (80 ml) solution of Benzidine 

(2.08 g), Acetic acid (18 ml), 3 % H2O 2 (100 ml) for 5 minutes. The reaction was

stopped with 7 % Acetic acid. After the appearance o f  clear blue colored bands, 

analysis o f  isozyme was done immediately.

3.15.2. Polyphenol oxidase

i). Preparation of gel

For native anionic PAGE, resolving gel 8 % acrylamide concentration and 

stacking gel 4 % acrylamide concentration were prepared as mentioned above.
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i). Electrophoresis

Electrophoresis was performed at constant 15 mA current for a period of 3-4 

hours at 4°C until the dye front reached the bottom of the gel.

ii). Staining

After electrophoresis, gel was equilibrated in 0.1 % p-phenylene diamine in 

0.1 M potassium phosphate buffer (pH 7.0) for 30 min. This was followed by 

addition o f  10 mM catechol in same buffer. The gel was shaked in the above buffer. 

After the appearance o f  dark brown discrete band, analysis of isozyme was done 

immediately.

3.16. Extraction and quantification o f chlorophyll 

Extraction

The chlorophyll was extracted from leaves o f  the treated and control plants 

following the method o f  Harborne (1973) with modifications. Crushing o f  I g leaf 

tissue was done in a mortar and pestle using 80% acetone in the dark to prevent the 

photo oxidation o f  chlorophyll. The extract was filtered through Whatmann No. 1 

filter paper, adding sufficient amount o f  acetone and final volume was made up 25 

ml.

Estimation

For the estimation o f  chlorophyll, O. D. values o f  the dilution o f  the crude 

sample were measured directly at 645 nm and 663 nm in a spectrophotometer. The 

amount o f  total chlorophyll, chlorophyll a and chlorophyll b was calculated by the 

following formula:

Total chlorophyll = (20.2 A 545 + 8.02 A 5 5 3 ) mg g"' tissue

Chlorophyll a = (12.7 A 553 - 2.69 A 545) mg g ' tissue

Chlorophyll b = (22.9 A 545 - 4.68 A 5 5 3 ) mg g ' tissue
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3.17. Extraction of soluble proteins 

Preparation of stock solution

Soluble protein was extracted from the leaves of bacteria treated and control 

plants following the method o f  Chakraborty et al. (1995). Plant tissues were frozen 

in liquid nitrogen and ground in 0.05 M sodium phosphate buffer (pH 7.2) 

containing 10 mM N a2S2 0 5 , 0.5 mM MgCl2 and 2 mM PMSF was added during 

crushing and centrifuged at 4°C for 20 min at 12000 rpm. The supernatant was used 

as crude protein extract and total soluble protein content was estimated following the 

method o f  Lowry et al. (1951) using bovine serum albumin (BSA) as standard .

3.17.1, Estimation of protein content

Soluble proteins were estimated following the method as described by Lowry 

et al. (1951). To I ml o f  protein sample 5 ml o f  alkaline reagent (I ml of I % 

CUSO4 and 1 ml o f  2 % sodium potassium tartarate, added to 100 ml o f  2 %

Na2C 0 3  in 0.1 N NaOH) was added. This was incubated for 15 minutes at room

temperature and then 0.5 ml o f  I N Folin Ciocalteau reagent was added and again 

incubated for further 15 minutes following which optical density was measured at 

720 nm. Quantity o f  protein was estimated from the standard curve made with 

bovine serum albumin (BSA)

3.17.2. SDS-PAGE analysis o f soluble proteins

Sodium dodecyl sulphate polyacrylamide gel electrophoresis was performed 

for the detailed analysis o f  protein profile following the method of Laemmli ( 1970).

For the preparation o f  gel the following stock solutions were prepared:

(A) Acrylamide and N ’ N ’- methylene bis acrylamide

A stock solution containing 29 % acrylamide and 1% bisacrylamide was 

prepared in water. The pH o f  the solution was kept below 7.0. The stock solution 

was then filtered through Whatman No. 1 filter paper, kept in brown bottle and 

stored at 4°C and used within one month.
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(B) Sodium Dodecyl Sulphate (SDS)

A 10 % stock solution o f  SDS was prepared in warm water and stored at

room temperature.

(C) Tris Buffer

i) 1.5 M Tris buffer was prepared for resolving gel. The pH o f  the buffer was 

adjusted to 8.8 with concentrated HCl and stored at 4°C for use.

ii) 1.0 M Tris buffer was prepared for use in the stacking and loading buffer. The 

pH o f  this buffer was adjusted to 6.8 with conc. 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 -G lycine electrophoresis buffer

Tris running buffer consists o f  25 mM Tris base, 250 mM 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 of 10 % SDS in 1 L o f  distilled water.

(F) SDS gel loading buffer

This buffer contains 50 mM Tris-HCl (pH 6 .8), lOmM (3-mercaptoethanol. 

2 % SDS, 0.1 % bromophenol blue, 10 % glycerol. A IX solution was prepared by 

dissolving 0.5 ml o f  I M Tris buffer (pH 6 .8), 0.5 mi o f  14.4 M (3-mercaptoethanol. 

2 ml o f  10 % SDS, 10 mg bromophenol blue, I ml glycerol in 6.8 ml o f  distilled 

water.

(G) Preparation o f gel

Mini slab gel (plate size 8 cm xIO cm) was prepared for the analysis of

protein patterns by SDS-PAGE. For gel preparation, two glass plates were

thoroughly cleaned with dehydrated alcohol to remove any traces o f  grease and then 

dried. Then 1.5 mm thick spacers were placed between the glass plates at three sides 

and sealed with high vacuum grease and clipped tightly to prevent any leakage o f  the
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gel solution during pouring. 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 + I cm).

After pouring the resolving gel solution, it was immediately overlayered with 

isobutanol and kept for polymerization for 2 hours. 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 overlayered with water. 

Finally the gel was kept for polymerization for 30 - 45 minutes. After polymerization 

o f  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 o f  the gel, was removed carefully with a bent syringe.

Name o f  the compound 10 %  Resolving gel (ml) 5% Stacking gel (ml)

Distilled water 2.85 2.10

30 % acrylamide 2.55 0.50

Tris* 1.95 0.38

10%  SDS 0.075 0.030

10%  APS 0.075 0.030

TEMED** 0.003 0.003

*For 1.5 M Tris pH 8.8 in resolving gel and for 1 M Tris pH 6.8 in stacking gel 

** N, N, N ’, N '- Tetramethyl ethylene diamine

(H). Sample Preparation

Sample (50 jo,l) was prepared by mixing the sample protein (35 }xl) with IX 

SDS gel loading buffer (15 |^l) in cyclomixture. All the samples were floated in 

boiling water bath for 3 minutes to denature the protein sample. The samples were 

immediately loaded in a pre-determined order into the bottom o f  the wells with a 

microloter syringe. Along with the samples, protein markers consisting o f  a mixture 

o f  six proteins ranging from high to low molecular mass (Phosphorylase b- 97.4000; 

Bovine Serum Albumin- 68,000; Ovalbumin- 43,000; Carbolic Anhydrase- 29.000;
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Soyabean Trypsin inhibitor-20,000; Lysozyme- 14,300) was treated as tlie other 

sample and loaded in a separate well.

(I). Electrophoresis

Electrophoresis was performed at a constant 15 mA current for a period of 

three hours until the dye front reached the bottom o f  the gel.

(J). Fixing and staining

After electrophoresis the gel was removed carefully from the glass plates 

and then the stacking gel was cut o ff  from the resolving gel and finally fixed in 

glacial acetic acid: methanol; water (I0;20;70) for overnight. The staining solution 

was prepared by dissolving 250 mg o f  Coomassie brilliant blue (Sigma R 250) in 45 

ml o f  methanol. After the stain was completely dissolved, 45 ml o f  water and 10 ml 

o f  glacial acetic acid were added. The prepared stain was filtered through Whatman 

No. I filter paper.

The gel was removed from the fixer and stained in this stain solution for 4 

hours at 37°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 40°C with constant shaking until the background became clear.

3.18. Extraction of phenols from leaves

Phenol was extracted from the fresh leaves following the method of 

Mahadevan and Sridhar (1982). I g o f  leaf tissues were cut into pieces and 

immediately immersed in 10 ml o f  boiling alcohol. After 15 minutes o f  boiling it 

was cooled and crushed in mortar using pestle thoroughly at room temperature. The 

extract was passed through two layers o f  cheese cloth and then filtered through 

Whatmann No. 1 filter paper. Final volume was adjusted with 80 % ethanol. The 

whole extraction o f  phenol was done in dark to prevent light induced degradation of 

phenol.



8i

3.18.1. Estimation o f phenol contents

3.18.1.1. Total phenol

Total phenol content was estimated by Folin Ciocalteau’s reagent, following 

the method o f  Mahadevan and Sridhar (1982). To 1 ml o f  the alcoholic extract. 1 ml 

o f  1 N Folin Ciocalteau’s reagent followed by 2 ml o f  20 % sodium carbonate 

solution was added in a test tube. The test tube was shaken and heated on a boiling 

water bath for I minute. After cooling, the volume o f  the reaction mixture was raised 

to 25 ml. Absorbance o f  the blue colored solution was measured in a systronic 

photometric colorimeter Model 101 at 650 nm. Quantity o f  total phenol was 

estimated using caffeic acid as standard.

3.18.1.2. 0-d ihydroxy phenol

0-dihydroxy phenol was estimated following the method of Mahadevan and 

Sridhar (1982). 1 ml o f  alcoholic extract was mixed with 2 ml o f  0.05 N HCI. I ml 

o f  Arnow’s reagent (NaN0 2  - 10 g, N a 2Mo0 4  - 10 g. distilled water - 100 ml) and

2 ml o f  I N NaOH and mixed thoroughly at room temperature following which the 

volume of the reaction mixture was raised to 10 ml. Absorbance o f  the colored 

solution was recorded by systronic photometric colorimeter Model 101 at 515 nm. 

Quantity o f  the O- dihydroxy phenol was estimated using caffeic acid as standard.

3.19. Extraction o f antifungal phenolics

Free and giycosidically linked phenolics were extracted from control and 

bacteria treated plants following the method of Daayf el a i  (1995). 10 g of both 

bacteria treated and untreated control were taken and boiled in methanol and mi.xed 

with o f  80 % methanol at 10 ml g ' tissue and homogenized by blending for I min. 

Samples were extracted for 48 h on a rotary shaker at 40 rpm covered with 

aluminium foil. The homogenate was filtered through Whatman No. I and 

concentrated by evaporation o f  final volume of 20 ml. Concentrates were first 

portioned against equal volume o f  anhydrous diethyl ether (Fraction 1). The aqueous 

fraction was portioned secondly against equal volume o f  ethyl acetate thrice 

(Fraction II). Acid hydrolysis with 4(N) HCI of the remaining aqueous fraction was 

done according to the method described by Daayf £</ a l  (1997) to yield phenolic



aglycones. Aglycones were recovered by partitioning hydrolysates against equal 

volume of ethyl acetate thrice (Fraction III). All fractions were evaporated to dryness 

and finally dissolved in 3 ml o f  respective solvents.

3.20. Bioassay o f antifungal phenolics

3.20.1. Spore germination

For spore germination bioassay, a drop o f  Fraction I, II and 111 were placed 

on a clean, grease free slide and allowed to evaporate following which a drop of 

spore suspension was placed over it. The slides added with respective solvents was 

considered as solvent control and slide without any solvent but containing only spore 

suspension was considered as water control. The slides were incubated in moist 

petriplate for 24 h at 25°C ± 1°C. Finally one drop o f  lactophenol -  cotton blue was 

added to each spot to fix the germinated spore. The slides were observed under 

microscope and the percentage o f  germination was determined.

3.20.2. Agar cup bioassay

10 ml o f  PDA was poured in sterile 6 cm petri plate. After solidification of 

the medium 6 mm wells were made in each plate with sterile cork borer. Aliquots 

(40 ^ 1) o f  individual fraction and ethyl acetate (as control) were dispersed at each of 

the three wells made in each plate, A 5 mm agar slice o f  test fungus was placed at 

the centre in equal distance from wells. Observations were made after 7 days of 

incubation at 30°C.

3.20.3. TLC- plate bioassay

Ail fractions derived from the extraction was analysed by TLC on silica 

gelG. All the three fractions were spotted on TLC plate and development of 

chromatogram was carried out at the room temperature using a ethyl acetate: 

chloroform (9:11) solvent mixture as suggested by Chakraborty and Saha (1994). 

After development, chromatogram inhibition assay was performed as devised by 

Hofmans and Fuchs (1970) using F. lamaoensis as the test organism. Spore 

suspension in 2 % sucrose supplemented with PDB was sprayed on the development 

TLC plate and incubated in sterile humid chamber at 25°C for 6 days. Fungitoxicity
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was ascertained by the appearance o f  inhibition zone, which was visualized as while 

spots surrounded by a deep black background o f  mycelia. Diameter o f  inhibition 

zone and R f values were noted.

3.21. Extraction o f catechins

Catechin was extracted from tea leaf tissues following the method of Obanda 

Owuor (1994) with slight modification. Leaf samples (10 g) were extracted with 

100ml o f  acetone at 45°C in water bath for 30 min. Extracts were decanted and 

filtered through Whatman No. 1 filter paper. Acetone extract was concentratcd to 

dryness and finally the residue was dissolved in 20 ml distilled water. Water solution 

was extracted with equal volume o f  chloroform for four times. The pH o f  the water 

layer was adjusted to 2 by 2 drops o f  2 N HCI and fmaliy extracted with methyl 

isobutyl ketone. The extract was concentrated to dryness and fmaliy dissolved in

3 ml o f  2 % acetic acid. The samples were finally filtered through milipore filter 

(Milipore 0.4|j.m HA filter paper).

3.22. HPLC analysis o f catechins

Catechin analysis o f  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 A 100 % acetonitrile; mobile phase B 2 % 

acetic acid in water. Elution: 88 % B for 6 min then linear gradient to 75 % B 

over 5 min. The elution was complete after a total min o f  25 min. Flow rate was 

fixed as 1 ml min'' with sensitivity o f  0.5 aufs. Injection volume was 20 (il and 

monitored at 278 nm.

3.23. Inoculation technique

The mass culture o f  fungal pathogens was prepared in sterilized sand maize 

meal media containing maize, washed sterile sand and water in the ratio 1:9:1.5 

(Biswas and Sen, 2000), which was inoculated with mycelial bits o f  pathogen taken 

from the margin o f  actively growing culture and incubated at 25°C ±1°C for 14 days. 

The two weeks old cultures were used for inoculating the soil.



The potted plants were inoculated with the pathogen inoculum prepared in 

sand maize meal media. The rhizosphere o f  each plant was inoculated with 100 g of 

pathogen inoculum. Regular watering o f  the plants was done to assure the successful 

establishment o f  the pathogen.

3.24. Disease assessment

The rhizosphere o f  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 o f  antagonist. The percentage o f  disease 

incidence was calculated by dividing the number o f  diseased plants by total number 

o f  plants and then multiplying by hundred while disease intensity was calculated by 

using 0 - 5 scale as adopted by Mathew and Gupta (1996).

The disease infection observation were recorded in a continuous 0-6 scale, 

where 0 = no symptoms; I = small roots turn brownish and start rotting; 2 = leaves 

start withering and 20 - 30 % o f  root turns brown; 3 = leaves withered and 50 % 

o f  leaves affected; 4 = shoot tips also start withering and 60-70 % root affected; 

5 = shoot withered with defoliation o f  lower withered leaves and 80 % roots 

affected; 6 = whole plant die with upper withered leaves still remaining attached and 

roots fully rotted.

3.25. Preparation of talc-based formulation with bacteria and its application in

the soil

For development o f  bio-formulation 10 g of CMC was mixed with 1 kg of 

talcum powder and pH was adjusted to 7.0 by adding calcium carbonate. It was then 

sterilized for 30 min in two consecutive days. To this sterilized talcum powder 400

ml o f  bacterial inoculum containing 3x10^ cfu m f '  was added and mixed well under 

sterile condition. The talc mix was dried under shade to bring moisture to less than 

20 %. The formulation was packed in milky white color polythene bags, sealed and 

stored at room temperature for future use.

The talcum based formulation was applied in the field at the rate o f  100 g per 

pot. The experiment was conducted to assess the effect on shoot growth, increase in 

number o f  leaves etc. due to the application o f  talc based formulation.
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3.26. Preparation of antigens

3.26.3. Bacterial antigens

Soluble protein was obtained by strong sonication of bacterial cells in 0.05 M 

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 o f  antibodies against it.

The samples were also subjected to one-dimensional SDS-PAGE by using 

12 % resolving and 5 % stacking gels. After standard electrophoresis, the gels were 

stained with Coomassie Brilliant Blue R-250, as mentioned earlier.

3.26.4. Fungal antigens

The fungal mycelia were grown in PDA medium. 1 g mycelia were taken in

2 ml 0.05 M sodium-bicarbonate buffer (pH 9.6) in a chilled mortar and pestle. I'he 

mycelia were crushed followed by centrifugation at 10000 rpm. The supernatant was 

collected and used as antigen.

3.26.5. Soil antigens

1 g soil was taken in 2 ml o f  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.

3.27. Raising o f polyclonal antibodies against bacterial antigens

New Zealand white male rabbits were used to raise antisera. The body 

weights were recorded and observed for at least one week inside the cages before 

starting the immunization schedule. They were regularly fed with green grass, 

soaked gram, carrot and green vegetables etc. twice a day. After each bleeding they 

were given saline water for 3 consecutive days and cages were cleaned everyday in 

the morning for better hygienic conditions.

A specified antibody response was elicited in rabbit injecting 1 ml o f  antigen 

(protein extracted from bacteria) in Freund’s complete adjuvant (Genei) for first two 

injection followed by additional subcutaneous injection o f  incomplete adjuvant upto 

12 weeks at a regular interval o f  7 days. Following the method o f  Alba and Devay 

(1985), before immunization, normal sera were collected from rabbit.
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The rabbits were bled by marginal ear vein puncture. 3 days after first six 

injections and then subsequently seven times more every fortnight.

During bleeding the rabbit was fixed at 60° angles, hairs were removed from 

upper side o f  the ear followed by disinfection with alcohol. The ear vein was irritated 

by the application o f  xylene and incision was made with sharp sterile blade and 

5-10 ml o f  blood sample was collected in sterile graduated glass tube. After 

collection precautionary measures were taken to stop the flow o f  the blood from the 

puncture. The blood sample was kept at 37°C for 1 h for clotting. The clot was 

loosened with a sterile needle. Serum was clarified by centrifugation (5000 rpm for 

10 min at room temperature) and distributed in I ml vial and stored at -20°C. The 

serum was used for double diffusion analysis, dot blot analysis and Enzyme Linked 

immunosorbent Assay (ELISA).

3.28. Purification of IgG

IgG was purified as described by Clausen (1988). Crude antiserum (2 ml) 

was first diluted with two volume o f  distilled water and an equal volume o f  4 M 

ammonium sulphate. The pH was adjusted to 6.8 and mixture was stirred for 16 h at 

20°C. The precipitate thus formed was collected by centrifugation at 12000 rpm at 

22°C for 1 h. Then the precipitate was dissolved in 2 ml o f  0.02 M sodium phosphate 

buffer, pH 8.0.

Eight gram o f  DEAE cellulose (Sigma Co. USA) was suspended in distilled 

water for overnight. The water was poured off and the DEAE cellulose was 

suspended in 0.005 M phosphate buffer (pH 8.0) and the 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 cm in diameter and 30 cm height) and allowed to settle 

for 2 h. After the column material had settled, 25 ml o f  buffer (0.02 M sodium 

phosphate, pH 8.0) washing was given to the column material.

At the top o f  the column, 2 ml o f  ammonium sulphate precipitatewas 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 buffer (pH 8.0). The buffer was applied in the flask on which rubber 

connection from its bottom was supplying column. Another connection above the
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surface o f  buffer (1) was connected to another flask with buffer (2). The buffer (2) 

had also connection to the open air. During the draining o f  buffer (I)  to column, 

buffer (2) was soaked into buffer ( 1) thereby producing a continuous raise in 

molarity. Ultimately. 40 fractions each of 5 ml were collected and the optical density 

values were recorded at 280 nm using UV-Vis spectrophotometer (DIGISPFC- 

200GL).

3.29. IgG against F. lamaoensis

IgG against F. lamaoensis was obtained from Antisera Reserves of 

Phytopathogens, Department o f  Botany, University o f  North Bengal.

3.30. Immunodiffusion

Glass slides (6 cm x 6 cm) were degreased in 90 % v/v ethanol; ethanol; 

diethyl ether ( l ; l  v/v) and ether, then dried in hot air oven. After drying the plates 

were sterilized inside the petridish each containing one plate. Agarose gel is prepared 

in 0.05 M Tris-barbiturate buffer (pH 8 .6). The buffer is heated within a conical tlask 

placed in a boiling water bath. 0.9 % agarose is mixed to the hot buffer and boiled 

for the next 15 min. The flask is repeatedly shaken thoroughly in order to prepare 

clean molten agarose and 0.1 % (w/v) sodium azide is added into it. For the 

preparation o f  agarose gel, the molten agarose is poured on the sterilized glass slides 

(10 ml slide ') in laminar flow chamber and kept 15 min for solidification. After that 

3-7 wells are cut out with a sterilized cork borer (6 mm diameter) at a distance of

1.5 cm- 2 cm away from central well and 2.0 - 2.5 cm from well to well (peripheral).

i). Diffusion

Agar gel double diffusion tests were carried out using antigen and antiserum 

following the method o f  Ouchterlony (1976). The antigen and undiluted antisera 

(50 fil w e ir ')  were pipetted directly into the appropriate well in a laminar chamber. 

The diffusion was allowed to continue in a moist chamber for 72 h at 25°C. 

Precipitation reaction was observed in the agar gel only in cases where common 

antigen was present.
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ii). W ashing, staining and drying o f slides

After immunodiffusion, the slides were initially washed with sterile distilled 

water and then with aqueous NaCl solution (0.9% NaCI and 1% NaN 3 ) for 72 h with

6 hourly changes to remove unreacted antigens and antisera widely dispersed in the 

agarose gel. Then slides were stained with Coomassie brilliant blue (R250. Sigma:

0.25 g Coomassie blue, 45 ml methanol, 45 ml distilled water and 10 ml glacial 

acetic acid) for 10 minutes at room temperature. After staining, the slides were 

washed in destaining solution (methanol: distilled water: acetic acid in 45:45:10 

ratio) with changes until the background become clear. Finally slides were washed 

with distilled water and dried in hot air oven for 3 h at 50°C.

3.31. Determination o f bacterial sustainability in soil

The sustainability o f  bacteria in the rhizosphere soil was determined by 

immunological techniques.

3.31.1. ELISA

Direct antigen coating (DAC)-ELISA was performed following the method 

as described by Chakraboty et al., 1995 with modifications. Antigens were diluted 

with coating buffer and the antigens were loaded (200 jil per well) in ELISA plate 

(Coster EIA/RIA, strip plate USA). After loading, the plate was incubated at 25°C 

for 4 h. Then the plate was washed 4 times under running tap water and twice with 

PBS-Tween and each time shaken to dry. Subsequently, 200 )il blocking reagent was 

added to each well for blocking the unbound sites and the plate was incubated at 

25°C for ] h. After incubation, the plate was washed as mentioned earlier. Purified 

polyspecific IgG was diluted in antiseradilution buffer and loaded (200 |il per well) 

to each well and incubated at 4°C overnight. After a further washing, antirabbit IgG 

goat antiserum labelled with alkaline phosphatase diluted 10000 times in PBS. was 

added to each well (lOOfxl per well) and incubated at 37°C for 2 h. The plate was 

washed, dried and loaded with 100 |il o f  p-Nitrophenyl Phosphate substrate in each 

well and kept in dark for 1 h. Color development was stopped by adding 50 )„ig per 

well of 3 N NaOH solution and the absorbance was determined in an Multiscan Ex 

(Thermo Electron) ELISA Reader at 405 nm. Absorbance values in wells not coated 

with antigens were considered as blanks.
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3.31.2. Dot-blot

Dot Blot was performed following the method suggested by Lange d  ul. 

(1989) with modifications. Following buffers were used for dot blot;

I. Carbonate-bicarbonate (0.05 M, pH 9.6) coating buffer.

II. Tris buffer saline (10 mM pH 7.4) with 0.9 % NaCl and 0.5 % Tween-20 for 

washing.

III. Blocking solution 10 % (w/v) skim milk powder (casein hydrolysate. SLR) in

TBST (0.05 M Tris-HCl, 0.5 M NaCl) 5 % (v/v) Tween 20, pH 10.3)

IV. Alkaline phosphatase buffer (100 mM Tris HCl, 100 mM NaCl. 5 mM

M gClj.

Assay

Nitrocellulose membrane (Millipore, 7 cm x 10 cm, pore size 0.45).mi. 

Millipore corporation, Bedford) was cut carefully into the required size and placed 

inside the template. 4 |al o f  coating buffer was loaded into each well o f  the template 

over the NCM and was kept for 30 minutes to dry. Following this 5 |il o f  test 

samples (antigen) was loaded into the template wells over the NCM and was kept for 

1 h at room temperature. Template was removed and blocking o f  NCM was done 

with 10 % non fat dry milk (casein hydrolysate, SRL) prepared in TBST for 30 - 60 

minutes on a shaker, respective polygonal 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 with running tap for 3 

minutes, following three times 5 minutes washes in TBST (pH 7.4) (Wakeham and 

White, 1996). The membrane was then incubated in alkaline phosphatase conjugated 

goat antirabbit IgG (diluted 1: 10,000 in alkaline phosphatase) for 2 h at 37°C. The 

membrane was washed as before. 10 ml o f  the NBT/BCIP substrate (Genei) was 

added next and color development was stopped by washing the NCM with distilled 

water and color development was categorized on the intensity o f  dots.
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3.31.3. Bacterial colony transfer

The soil suspension was prepared by using bacteria inoculated rhizosphere 

soil and plated on NA medium in sterile petriplates. The plates were allowed to grow 

for 24 h. After 24 h the colony was transferred to NCM and probed with antibody. 

The presence o f  purple dot in the NCM shows the presence o f  bacteria in the soil.

3.32. Determination o f pathogen in soil by immunological methods

For detecting the presence o f  pathogen in the soil, the protein samples from 

pathogen inoculated soil, pathogen and B. megaterium  inoculated soil as well as 

uninoculated sterile soil was extracted. For extraction o f  protein. 5 g o f  soil was 

taken in 10 ml o f  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 protein samples collected from different soil samples 

were used for immunological detection as mentioned below.

3.32.1. ELISA

The protein extracted from pathogen inoculated soil samples were analysed 

by ELISA technique as mentioned before.

3.32.2. Dot-blot

The determination o f  presence o f  pathogen in soil inoculated with pathogen 

as well as B. megaterium  and pathogen inoculated soil was done by Dot-blot 

technique using antigen prepared from the soil as mentioned above.


