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PLANT PATHOLOGY LABORATORY RULES AND REGULATIONS

1. Always wear apron before entering the laboratory for, protecting clothes from
contamination or accidental discoloration by staining solutions

2. Before and after each laboratory period, clean your workbench with a disinfectant

3. Never eat or drink in the laboratory

4. Never place pencils, labels or any other material in your mouth.

5. If a live culture is spilled, cover the area with a disinfectant such as 0.1% mercuric chloride
for 15 min and then clean it.

6. Be careful of lab burners and put them off when not in use.

7. The waste paper and contaminated glassware should be kept in waste basket trays.

8. Wash your hands with soap and water before leaving the lab.

9. Broth culture must never be pipetted with mouth.

10. Keep aseptic culture tubes in an upright position in a rack or basket.

11. Materials such as stains, pipettes must be returned to original location after use.

12. Familiarize yourself in advance with the exercise to be performed.

13. Label all plates, cultures and rubes before starting.

14. Before execution of work, read over the exercise to be done and calculate the requirement
and plan.

15. Each lab class will begin with a short introduction period. Don't begin work until you have
received instructions.

16. Ask questions when you don't understand any method.

17. Properly record all experimental details and observations and keep your note book up to
date. Clean the bench with a clean cloth or a piece of cotton, after completion of exercise.
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Exercise No.1

ACQUAINTANCE WITH PLANT PATHOLOGY LABORATORY
AND EQUIPMENTS

The   student   should   to get   acquainted   with   the chemicals   glassware and
equipments of the plant pathology laboratory listed below.

INSTRUMENTS

1. Microscope

Microscope is a device, which can magnify a microbial cell or a group of microbial cells
to enable the human eye to study its structures, morphology etc.

A. Simple microscope: Consists of a simple lens system

B. Compound microscope: It consists of 2 or more lens systems- Depending on source of
illumination, they are of two kinds:

a. Light microscope

Specimen is illuminated by visible light or U.V. rays with a max magnification of 1000
or more. These are used for observing stained and unstained specimens and counting of
microbes. They include the bright field, dark field, U.V phase contrast and the fluorescent
microscope.

b. Electron microscope

Here the images are formed on a fluorescent screen by electron beam focused by
magnets instead of lens, with a magnification of 1, 00,000. These are used for
observation of viruses and ultra structures of cells.

2. Autoclave

It is an apparatus in which saturated steam under pressure affects sterilization called
autoclaving. The pressure increases boiling point of water and produces steam with a high
temperature. Cells are destroyed by high temp and not by the pressure. Most of the organisms
are killed at 121 °C and 151b pressure per sq. inch in 15 min. It is more efficient and common
instrument used to sterilize solids and liquid media for microbial culture. It is not
recommended for oils, powders, heat sensitive fluids and plastics. Autoclave is a double
walled cylindrical metallic vessel made of thick stainless steel copper, lid of which is
opened to receive the material to be sterilized. The lid is provided with pressure gauge
noting the pressure, steam clock for air exhaustion of the chamber. It is also provided with
safety valve to avoid explosion. The materials to be sterilized are kept in a basket provided
with holes all around for the free circulation of steam. Moist air has most penetrating power
than dry heat and hence it is more efficient than dry- heat.
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3. Pressure cooker: It is a suitable alternative to an autoclave. Some labs will have a
big size pressure cookers implanted with a pressure gauge. In case of power failure
materials are sterilized in pressure cooker.

4.      Hot air oven

It is an electrically operated equipment with a thermostat (ambient Temp, to
300°C) used for sterilizing glassware. An oven consists of an insulated cabinet, which
is held at a constant temp, by means of an electric thermostat. Some ovens are also
fitted with fan to keep hot air uniformly circulated at constant temperature. For proper
circulation of hot air, the shelves are perforated. The scheduled temperature for
sterilization with dry air is given in table.

Temperature (°C) Time in Minutes

120 480

.140 180

150 150
160 120

170 60
180 20

5. Incubator

It is used for incubation (culturing of microbes) at a constant temp. It is similar to
an oven in construction and consists of an insulated cabinet fitted with a heating
element at the bottom. The temp, of the incubation is maintained at desired level
(ambient to 110°C) by an automatic device called thermostat. It is provided with
double doors, made of glass so that the contents of incubator maybe viewed without
admitting outside air. Most incubators can be supplied by placing a beaker of water in
it to retard the dehydration of medium during growth of micro organisms. Some
incubators are provided with fluorescent light that can be used to encourage
sporulation.

Temperature and humidity control chamber: In this one can adjust both temperature and
humidity.

6. Colony counter

It is an electronic apparatus used to count the number of colonies on a Petri
plate. A Petridis fits into the recess in the platform. The colonies on plates are counted
on an illuminated screen, illuminated from beneath with a large magnifying lens which
provides 1.5X magnification. Some instruments are also fitted with electronic micro
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switch with pen and counter. The counter bar is depressed and the number of colonies
is instantly displayed on digital read out.

7. Inoculation chamber

Most of the aseptic transfers are made using inoculation chamber made of
wood. Now-a-days laminar airflow system is used as inoculation chamber. It is used
for reducing danger of infection while working with infective microorganisms and for
preventing contamination of sterile materials. It is a hood like structure having
germicidal ultraviolet lamp and Bunsen burner. It consists of mid table as working
place onto which sterile air is pumped at uniform velocity either in horizontal or vertical
direction. It works on the principle of application of high efficiency particulate filters
(HEPA)-or fibre glass filter which can retain all particles including bacteria whose
diameter is more than 5 microns.

8. Ultraviolet lamps

U.V.rays with 200-300 nm wave length is germicidal. The lamp which produces
U.V. rays of near 200-300 nm wavelength kill or inactivate most of the virus and
vegetative form of microorganism present in laboratory or on an inoculation chamber.

9. pH meter

It is used to determine the pH of solutions of unknown pH as well as for setting
of pH of various media, and testing biochemical activity of microorganisms. pH is
expressed as a number from 0 to 14. The number is an expression of the
concentration of H ion in the solution. The optimum range of pH for bacteria is 6.5 to
7.5 and for fungi it is 4-6. The measure of pH with pH meter is done Electrometrically.
Measurement of pH depends upon the" development of membrane potential by a
glass electrodes. As an alternate, pH papers are used to measure the pH of the
medium.

10. Water bath

It is an insulated metallic box fitted with an electric heating mechanism and a
thermostat, which maintains the temperature at desired level. There are racks for
holding test tubes. These are usually used for melting of media, testing enzymatic
activities of various microorganisms, widal test etc.
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11. Centrifuge

It is an apparatus that rotates at high speed and separates substances as
particles on the basis of mass and density by means of centrifugal force. The microbes
are arrested from sediments settled at the bottom of the tube after centrifugation. The
centrifugal force is noted in rpm of angular speed. A centrifuge consists of head which
is rapidly revolving on upright motors. Generally four metal caps are attached to the
head for holding rubes or other container of the material from which particulate matters
to be separated. During centrifugation liquid containing particulate matter is kept in the
tubes, run at a particular speed and when centrifugation is completed, the particulate
matter gets settled at the bottom of the tubes. The commonly used centrifuges are of
low speed, high speed and ultracentrifuge with highest speed limit of 5000 rpm, 18000
rpm, and 20,000 to 60,000 rpm, respectively. These are used for separation of virus
particles, bacterial cells, and fungal spores, separation of mixtures of liquids varying in
their density and concentrating microorganisms in various samples for enzymatic and
other studies.

12. Balance

Various media components for culture media preparation and samples etc. are
weighed on an ordinary balance. Whenever precision is required an electronic mono-
pan balance is recommended. As most of the media ingredients are highly
hygroscopic, the balance should be cleaned immediately after use.

13. Spectrophotometer or colorimeter

It is an electrically operated simple instrument used for estimating population of
bacteria, based on the principle of turbidity determination. Turbidity is the cloudiness of
the suspension. The more turbid a suspension, less light will be transmitted through it.
In other words, the amount of light absorbed and is scattered is proportional to the
mass of cell. As bacteria grow in a broth, the clear .broth becomes turbid. Since
turbidity increases as the number of cells increases, this is used as an indicator of
bacterial density in broth: The turbidity is expressed in unit of optical density (O.D.)
which is expressed using Spectrophotometer.

14. Haemocytometer or Petroff - Hausser counting chamber

The number of microorganisms present in a given liquid sample can be counted
and morphology of bacteria can be observed by direct cell count method using
haemocytometer. It is a special glass slide with a depression (0.1 mm - 0.02 mm
deep) at the centre covering an area of 1 mm, the area of 1 mm is further divided into
400 small squares. To get the number of cells per ml of sample the following formula
is used. The number of cells per ml = average number of cells in a small square x 400
x 104 (factor).
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15. Filters

Heat sensitive materials like vitamin solutions are sterilized by filtration technique
as they are destroyed by heating at temperature normally used for sterilization e.g.
Seitz filter.

16. Refrigerator

It is a basic requirement in the microbiological laboratory and used for storing
stock cultures of microorganism at 4°C to save sub-culturing every few days. The
stored cultures at low temperature are fairly inactive and will not suffer damage due to
evaporation of medium. It is also used to store sterilized media to prevent dehydration
and to serve as a repository for thermo-labile solutions, serums, antibiotics and
biochemical reagents.

17. Bunsen Burner

It is named after R.W. Bunsen. It is a type of gas burner with which a very hot
particularly non-luminous flame is obtained by allowing air to enter at the base and mix
with gas. In the absence of Bunsen burner, alcoholic lamp is used. They are used to
sterilize inoculation needles / loops before they are inserted into culture. It is also used
for flaming the mouth of test tubes, media containing flasks and other glass apparatus
to avoid contamination by other microorganisms.

18. Hot plate stirrer

It is useful to stir the chemicals in water without heat to make suspension. It is
fined with the stirrer and heat control. Stirring is done by creating magnetic field, which
causes the bar magnet kept in the container to spin resulting in the stirring of the
medium.
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TOOLS

1. Inoculation loop or Inoculation needle

Used for aseptic transfer of culture. It consists of an insulted handle provided with
screw device at the tip which holds a heat resistant nichrome or platinum wire
approximately 3 inches long. The end of wire is bent to form a loop. Inoculation needle
is similar to loop, but the holder contains a straight piece of wire instead of a loop.
They are sterilized by flaming in the blue portion of burner flame until it is red. The loop
is mainly used to transfer culture of microorganism growing on liquid cultures.
Inoculation needles are used to transfer cultures of microorganisms growing on solid
medium in form of colonies.

2. Glass spreader

It is bent T or L shaped glass rod used for spreading of liquid culture and sample
on sterile agar plate.

3. Glass marking pen

All the culture material is labelled with the use of Glass marking pen.

4. Petri-dish Cans

It is made of copper and used as container for keeping Petri-dishes. The Petri-dishes in cans
are sterilized in hot air oven at required temperature.

5. Glass Ware

Test Tube: a) Test tubes of 18 x 150 mm size are used for preparation of broth, agar
slants and agar stabs, b) 25 x 150 mm size are used for preparation of dilution
blanks,c) Screw caps tubes with round bottom of size 15 x 125 mm are used for
maintenance of culture.

Petri-dishes: Petri-dishes, a pair of circular glass containers named after Petri, are
used for the preparation of agar plates. The common size is 100 mm in diameter.

Pipettes, Flask and Beakers: Different sizes of pipette and conical flask are used for
preparation of dilutions and plating. Generally pipette of 10 ml and 1 ml are used for
sterile transfer of known volumes of liquid. For preparation of dilutions conical flasks of
250, 500 and 1000 ml are used for preparation of medium. The volume of media
should not exceed 2/3 of the volume of flask. Beakers of size 250, 500 and 1000 ml
are used for preparation of medium.

Durham Tubes: These are small tubes of 3 x 25 mm size used for melting of chemicals
during preparation media in broth tubes for observing gas production in various
fermentation tests.
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Slides and cover slips: Rectangular slides of 75 x 25 mm size made of glass with
polished edge are used for observation of microorganisms. Square or circular cover
slips of size 18x18mm or 20 mm diameter are used for covering the specimen glass
slide while observing under high power objective of a microscope. The thickness of
cover slip shouldn't exceed 0.016 mm.

Cleaning of glass ware: All the glass ware before put to use for microbiological work
should be cleaned with a detergent (chromic acid mixture) followed by thorough wash
with clean water and distilled water. All the used glassware with cultures have to be
autoclaved before subjecting to further cleaning with detergent.

Glassware to be cleaned should be left in the chromic acid mixture over night and
later repeatedly washed in running water to remove traces of detergent.
Exercise: Get acquainted with handling and use of instruments and apparatus which
are commonly used in a plant pathology laboratory.
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Exercise No. 2

PREPARATION OF CULTURE MEDIA POTATO DEXTROSE AGAR (PDA)
FOR FUNGI AND NUTRIENT AGAR (NA) FOR BACTERIA

Medium (media pl.) is the substance which provides nutrients for the growth of
microorganisms. The nutrient preparation on which culture is grown in the laboratory is
called culture medium Microbes require different nutrients for their growth. There is no
single medium which can support the growth of majority of microbes.

Thus, different types of media and environmental condition are to be used for a
given group of microbes. Many special purpose media are needed to facilitate,
recognition, enumeration and isolation of certain microbes.

Based on chemical composition, media can be classified into.
1) Natural 2) Semi-synthetic 3) Synthetic.

1. Natural medium: The exact chemical composition of this media isn't known properly. It
includes ingredients of natural origin like yeast extract, beef, milk, tomato juice, blood etc.
Sometimes this medium is also referred to as complex medium or non-synthetic medium
because medium is of complex type and contain various ingredients of unknown
chemical composition. This type of media is useful for cultivation of microbes whose
specific growth factor requirement is not known.
Eg. Carrot slices, potato plugs, twigs, milk, meat extract, peptone etc.
2. Semi-synthetic: The chemical composition of media is only partially known. Media,
which contains Agar, is semi-synthetic medium.
Eg. Potato Dextrose Agar medium, Nutrient Agar media.
3. Synthetic medium: The chemical composition of the medium is completely known.
These media are very useful in studying the physiology, metabolic nature and nutritional
requirements of microbes. Both autotrophs and heterotrophs can be grown in these
media.
Eg. Mineral glucose medium, Richard's solution, Raulins medium etc.

Based on consistency the media are of three types as 1) Liquid   2) Semisolid 3) Solid
medium
1. Liquid medium: Nutrient broth is the common liquid medium used in a microbiological
laboratory. Its drawback is that the morphology of bacterial colony cannot be studied. But
it supports a high microbial population.
2. Semi-solid medium: A semisolid medium is prepared with agar of concentration of 0.5%
and is useful in the cultivation of micro aerophilic or studying bacterial motility.
3. Solid medium: If agar is added to a nutrient broth, it becomes solid medium. It is used
for isolating microbes and to determine characteristics of colonies. It remains solid on
incubation and not destroyed by proteolytic bacteria. The addition of 15g of agar in 1 I of
liquid culture will produce a gel that liquefy at 95°C and solidifies at 40-45°C into gel.

Based on application or function, media can be classified as follows.
1. Selective media: Provide nutrients that enhance the growth and predominance of
particular microbe and don't enhance or may inhibit other types of organisms that may be

_
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present. For instance, isolation of bacterium Neisseria gonorrhoeae from a clinical
specimen is facilitated by the use of media containing certain antibiotic. These antibiotics
don't affect pathogenic but inhibit the growth of contaminating bacteria.
2. Differential media: Certain reagents or supplements when incorporated into culture
media may allow differentiation of kinds of bacteria. If a mixture of bacteria is inoculated
on to blood agar media, some of bacteria destroy the RBC and others don't. Thus one
can distinguish    between haemolytic and non- haemolytic bacteria on the same
medium.
3. Assay media: Media of prescribed composition are used for the assay of vitamins,
amino acids, antibiotics etc.
4. Enumeration media: Specific kinds of media are used for determining the bacterial
population in milk, water, soil and food etc.
5. Maintenance media: It is used for satisfactory maintenance of viability and
physiological characteristics of culture.

Preparation of basic liquid Medium (broth) for routine Cultivation of Bacteria
Bacteria are often cultivated in liquid broth (media lacking agar)

Materials: Peptone 5g, Beef extract 3 g, distilled water 1 I , 0.1 N HCl , 0.1 N NaOH,
pressure cooker, 1 L beaker measuring cylinder, non-absorbent cotton, test tube and
pH paper.
Procedure: Take the weighed amounts of peptone and beef extract and mix in 50 ml of
distilled water and heat it is dissolve the contents. Add more distilled water to make it to 1
L. Adjust the pH to 7 using pH papers by adding either acid or alkali as the case may be.
Take this into the test rube and apply cotton plug, sterilize at 15 Ibs pressure for 15 mts
in pressure cooker. Allow the pressure cooker to cool, remove the nutrient broth tubes
and store at room temp and cover with butter paper.

Preparation of Basic Solid Medium
Liquid broth media containing nutrients are usually solidified by the addition of agar.

Eg. Potato Dextrose agar medium, Nutrient agar medium.
A) Preparation of Potato Dextrose Agar Medium: Used in isolation and maintenance

of common fungi.
Materials: Peeled potatoes - 200g, Dextrose - 20 g. Agar - 20 g, Distilled water 1 L,
beaker 1L, 250 ml conical flasks, knife, muslin cloth, measuring cylinder, cotton non-
absorbent, pressure cooker.
Procedure

1. Take 500 ml of distilled water in 1L beaker and add 200g of peeled and sliced
potato boil the potatoes till they become soft.

2. Filter the contents of the beaker through muslin cloth and squeeze out all liquid
3. Add the dextrose dissolved in water to this extract.
4. Adjust the pH of medium to 6 to 6.5 using 0.1 N HCl or 0.1N NaOH as the ease

maybe
5. Add the dissolved agar to dextrose-potato extract and make the volume to 1lt

and dispense 200ml each to 5 conical flask and plug with non absorbent cotton.
Sterilise the flasks at 15 Ibs pressure for 15 mts in a pressure cooker.
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6. Allow the pressure cooker to cool, "Remove the conical flask and store at room
temperature. Allow the flask to cool until the flask can be held by hand.

7. Prepare agar plate by pouring the media into Petri-dish quickly. Using aseptic
condition, allow the media in Petri-dish to solidify to produce the agar plate.

B. Preparation of Nutrient Agar Medium: Used for the maintenance and isolation of bacteria.
Materials: peptone - 5g, beef extract - 3g, Agar - 20g, distilled water -1lt, Petri-dish, 1lt
beaker, 250 ml conical flasks, measuring cylinder, non absorbent cotton, pressure
cooker and hot plate.
Procedure

1. Dissolve the weighed amounts of peptone and beef extract into 500 ml of water.
2. Heat and dissolve the chemicals and adjust the pH of medium to 7 by adding

0.1N     HCl or 0.IN NaOH.
3. Weigh 20g agar and dissolve in 500 ml of distilled water in another beaker
4. Mix the dissolved agar with chemical solution and make up the vol. to 1lt.
5. Dispense 200 ml each into 5 conical flasks.
6. Plug the flask with non absorbent cotton and sterilise at 15 Ibs pressure for 15

mts in a Pressure cooker.
7. Allow the cooker to cool, remove the conical flask and store at room temp, or
8. Allow the flask to sufficiently cool and prepare agar plates by pouring media into

Petri-dish under aseptic condition; allow the media with Petri-dish to solidify.
Precautions

1. Don't pour the media over 2/3 of flask capacity.
2. Cotton plug must be loose whale autoclaving.
3. Don't pour media to Petri-plate when the medium is too hot since it produce

condensation of water on underside of Petri plate lid and thus can fall on to agar
surface and may lead to contamination and spreading of colonies.

4. Pour medium quickly to avoid contamination by air-pores and close lid down as
soon as possible.

5. Perform the pouring of medium in inoculation chamber fitted with U. V. lamp with
filtered air.

6. Pouring should be performed near the flame.

Observation
 After sterilization of medium observe the medium in conical flask and plate for

solidification.
 After incubation period of 24-48 hrs for nutrient agar medium and 7 days for PDA

observe the growth of any microbe on the surface of the medium.
Exercise

1. Prepare 500 ml nutrient agar medium.
2. Prepare 500 ml potato dextrose agar medium
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Exercise No. 3

ISOLATION OF FUNGAL AND BACTERIAL PATHOGENS
3a.Isolation of plant pathogenic fungi from diseased plant material:

Isolation of the fungal pathogens from diseased material is made by surface
sterilizing the diseased area with surface sterilizing agents, removing a small portion of
the infected tissue (leaves, stems, fruits etc.) with a sterile scalpel, and plating it in a
plate containing a nutrient medium. The most common method, for isolating fungal
pathogens from infected leaves as well as other plant parts involves cutting several small
sections 5-10 mm-square from the margin of the infected lesion to contain both diseased
and healthy looking tissue. These are placed in surface sterilizing agents solutions for
about 15-30 seconds the sections are taken out aseptically and blotted dry on clean,
sterile paper towels or washed in three changes of sterile water and are finally placed on
the nutrient medium, usually three to five per dish. The pathogen will grow from the
sections and the colonies of the pathogen are sub cultured aseptically for further study.

Materials required

Infected young leaves, , sterile Petri -dishes, PDA slants, sodium hypochlorite
solution ( 1 % ), sterile water, razor blade, forceps, inoculation needle, burner/spirit lamp,
spirit, incubator, PDA medium.

Procedure
1. Select infected host tissue from the advancing margin of the lesions.
2. Cut into small pieces (2-5 mm ) containing both the diseased and healthy tissue

and keep in sterile Petri dishes
3. Dip the pieces into 1 % sodium hypochlorite solution for about one minute.
4. Transfer the pieces to Petri - dishes containing sterile distilled water and wash

thoroughly in two changes of sterile water to free them from the chemicals if any.
5. Wash hands with rectified spirit and wipe the table top of inoculation chamber-'

with rectified spirit.
6. Lit the burner
7. Hold the flask containing sterile Luke warm PDA in the right hand and remove

plug near the flame. Lift the lid of Petri dish gently with left hand and pour about
20 ml of medium. Close the mouth of the flask with plug near the flame

8. After solidification of the medium, place four sterilized pieces at different
distance in a single PDA plate.

9. Incubate the Petri dishes in an inverted position at 25° C and examine for 3-5
days.

Observations and results
Observe the incubated plates from the second day onwards for the growth of the

fungus. Aseptically transfer the bits of mycelia from the margin of the colonies on fresh
PDA slants for further study. Mycelia growth on the medium from the infected tissues,
indicates that the disease may be due to a fungus.
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3 b. Isolation of phyto-pathogenic bacteria from diseased plants

Isolation and identification of bacteria associated with diseased plant is important
to determine whether bacteria are involved in plant disease. The method normally used
to isolate phyto-pathogenic bacteria differs from that used for fungi. A suspension of
bacterium is prepared from the infected material and loopfuls of this are streaked onto
nutrient agar plates. The aim is to produce single colony that can be sub-cultured pure.
Pure cultures are absolutely essential for pathogenicity assays and characterizing the
pathogen for identification. The serial dilution method is used for isolating bacteria from
diseased tissues contaminated with other bacteria. After surface sterilization of sections
of diseased tissues, the sections are ground in small volumes of sterile water and then
part of this homogenate is diluted serially. Finally, plates containing nutrient agar are
streaked with a loop dipped in each of the different serial dilutions and single colonies of
the pathogenic bacterium are obtained from the higher dilutions that still contain bacteria.

Choice of material: Selection of the diseased tissue is important because pathogenic
bacteria may occupy different locations in the plant. In isolation of bacteria, it is generally
better to use newly collected material. The earliest stages of symptom development
should be used. Old lesions and dead areas usually contain few pathogens and many
saprophytes. Necrotic diseases usually start with tiny, dark greenish, spots, which are
excellent for isolations. Cankers and soft rots should either be at an early stage, or if,
older lesions only are available, the advancing edge must be used, where the disease is
spreading into healthy tissue. When crown gall is suspected in a woody plant a search
must be made for young galls on young green stems. With wilts and other vascular
infections small pieces of infected stem are usually good for isolation.

Preparation of material: Clean leaves and stems, carefully chosen and "handled
aseptically, can often be used without surface sterilization. Roots and parts contaminated
with soil should be gently washed with clean water as soon as possible after collection.

Medium: Nutrient agar is suitable for the isolation of most plant pathogens. The medium
used for isolations must have a dry surface. If water is present the bacteria move around
and a carpet of mixed growth results instead of the required single colony.

This exercise deals with the isolation of bacterium, Xanthomonas axonopodis pv.
citri causal agent of citrus canker.
Materials

Fresh citrus leaves infected by Xanthomonas axonopodis pv. citri, nutrient agar
medium, surface sterilizing agents (1 % sodium hypochlorite), sterile razor blade, glass
rod, sterile water, sterile test tubes and Petri-dishes, sterile pipettes (I ml), inoculation
loop.
Procedure

Put on the U.V lamp of inoculation chamber for 5 mts. Wipe the table top with
rectified spirit Wash hands with rectified spirit and air dry. Lit the burner or spirit lamp,
arrange sterile Petri dishes near the burner.
1. Select a diseased citrus leaf infected by canker and cut out a small portion of the

diseased tissue from the advancing lesion using sterile razor blade in a drop of
sterile water and after several minutes, examine under microscope . If bacterial
ooze is seen, proceed for isolation
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2. Surface disinfests the cut portions by dipping in sodium hypochlorite solution for 60
sec. and then immediately rinse three times with sterile water.

3. Immerse the disinfested cut portions in I ml of sterile water taken in a clean
sterilised test tube.

4. Crush the cut portions of the leaf with a sterile glass rod. Allow it to stand for 5
minutes to allow the bacteria to diffuse out of the cut tissue and into the water.

5. Gently lift the lid of a Petri dish with left hand and using inoculation loop transfer
several loopfuls of the bacterial suspension to sterile Petri-dishes (three) containing
1 ml of sterile water and mix thoroughly.

6. Hold flask filled with sterile Luke warm nutrient agar medium in the right hand and
remove cotton plug near the flame and pour about 20 ml of medium into each dish
and mix thoroughly by gentle rotation. Allow time for solidification of medium.

7. Incubate the dishes in an inverted position at 25°C for 36 to 72 hours.
8. Observation: Observe the dishes for appearance of desired bacterial colonies. If

colonies appear, select consistently found and well isolated colonies of the
pathogen, for sub-culturing and further studies.

9. Select the isolated colonies and streak on the surface of a solidified medium in a
zigzag manner and incubate the dishes at 25oC. Bacteria isolated from nature may
be contaminated with saprophytic species; hence, re-streaking for isolation ensures
a pure culture. Transfer some of the purified colonies to NA slants and grow them
for further use.

EXERCISE

Follow the protocol outlined in the above procedure and isolate the desired bacterial
colonies from the given diseased material and maintain pure culture in Petri dishes and
slants for further study.
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Exercise No. 4
PLANT DISEASE DIAGNOSTIC TECHNIQUES: STUDY OF SYMPTOMTOLOGY (SYMPTOMS,

SIGN, SYNDROME, INFECTIOUS AND NON INFECTIOUS DISEASES)

This topic is a practical introduction to symptomology with an outlook to prepare for
diagnostic work.

Plant disease diagnosis is the identification of nature and cause of diseases based
on signs and symptoms. Identification of symptoms and signs and comparative
symptomologies of infectious and non infectious diseases are considered to be most
essential for diagnosis of a unknown plant diseases. The presence of the pathogens or
various structures viz., mycelium, sclerotia, sporophores and spores produced on the
surface of the host are called signs whereas symptoms refer to only to the appearance of
infected plants or plant tissues.

Diagnosis of a plant disease is one of the most important and useful techniques in
plant pathology and familiarity with the basic classification of plant diseases, the
characteristics of organisms that cause a particular diseases, the symptoms and signs
associated with different types of disease is a pre-requisite to diagnose a plant disease.
Majority of plant diseases can be diagnosed by a relatively straight-forward procedure
involving an evaluation of background information and a macroscopic and often
microscopic examination of diseases plant. However, some diseases can be diagnosed
correctly through the use of electron microscope and serology. A majority of abiotic and
biotic factors may cause similar disease symptoms and the best proof that a particular
organism is the cause of disease is fulfilment of Koch’s postulates. Koch's postulates are
performed infrequently, except when the disease agent is suspected to be new and
previously unreported .Most of the plant disease diagnoses done today involve
identification of plant diseases that have been previously described and named. Several
techniques may be performed to determine the identity of diseases. Visual studies of
symptoms and signs, microscopy, culture media studies and serology techniques are the
most frequently used techniques in diagnostic clinics.

Identification of nature of a disease
In determination of a plant disease the first step is to determine the infectious and

non infectious nature of the disease.

Infectious diseases
An infectious disease will spread to other plants in the field by various means and is

characterized by the presence of pathogens on the surface of the plants or inside the
plant. In diseases caused by pathogens viz., fungi, bacteria, nematodes, viruses,
mollicutes, a few or large numbers of these pathogens may be present on the surface of
the plants or inside the plants. The presence of such pathogens in an active state on the
surface of a plant indicates that they are probably the cause of the diseases. Their
detection and identification can be determined with the experienced naked eye or with a
magnifying lens and if no such pathogens are present on the surface of a diseased
plants then it will be necessary to look for additional symptoms, especially for pathogens
inside the diseased plant. Such pathogens are usually at the margins of the affected
tissues, in vascular tissues or at the base of the plant or roots. Certain infectious
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pathogens like viruses are neither seen nor can be grown on artificial media. They
produce symptoms similar to those resulting from nutritional deficiencies.

Non infectious diseases
These are the diseases with which no parasite is associated; hence they are called

as abiotic diseases. They remain non infectious and cannot be transmitted from diseased
plant to healthy plant. If no organism is found in association with the diseased part and if
viral symptoms are not present, the diseases may be due to inanimate cause. If
symptoms look like those of nutritional deficiencies the identification can be confirmed by
spraying a solution of the possible element in its salt form and usually recovery will occur
within a week and identification can be confirmed. These non parasitic, non infectious
diseases are due to disturbances in the plant body caused by lack of proper
environmental conditions of soil and air, low and very high temperatures, unfavourable
oxygen relations, unfavourable soil moisture, pH, presence of toxic gases in the
atmosphere, mineral excess and deficiencies in the soil etc., are the major causes of non
parasitic diseases.

Examples

Low temperature : potato tuber injury
High temperature : blossom end rot of citrus fruit

Effect of light : bean scald

Excessive moisture: blossom end rot of tomato
Low oxygen : black heart of potato
Air pollution : ozone on corn

Chemical injury : ammonia on apple
Herbicide injury : 2, 4-D on dicot leaf
Nutrient deficiency: Zn on citrus

Steps in disease diagnosis
The basic steps involved in plant disease diagnosis are as follows.

1. Obtain background information on host and disease
 Description of the problem
 Identification of host cultivar
 Planting date
 Source of seed
 Habitat of diseased plant
 Soil type
 Cultural practices
 Disease history
 Environmental conditions
 Pattern of disease

2. Obtain a good sample of diseased plant or its parts.
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 Fresh sample in various stages of diseases development

3. Examine the plant and describe
 Signs/symptoms of disease
 Plant parts affected
 Most common symptom
 Visible signs of the pathogen

By critical examination of sign and symptoms produced in the plant one can identify the
broad group to which the causal agent belongs.

4. Obtain literature description regarding the disease for the particular host
5. Identify the disease by comparing your description of disease with published

description.
Exercise:       Identification of symptoms and signs: Categories of specimens to provide

1. Necrotic: Blight, damping off, leaf spot, root rot.
2. Colour change: mosaic,
3. Wilt: vascular wilts
4. Hyper-plastic: club root, scab, root knot nematode
5. Hypo-plastic: yellows

Materials for work on signs
6. Bacterial: Wilt (vascular plugging), blight (ooze)
7. Fungal: Powdery mildew (mycelium), Sclerotia, rusts, smuts, Nematodes (root

knot galls).

Materials for microscopic symptomology

Microscope, razor blades, lacto phenol-cotton blue, specimens such as vascular wilt
xylem necrosis ( Fusarium on tomato), root rot (Rhizoctonia on beans) bacterial soft rot
(Erwinia)

Distinguishing the symptomologies of infectious and non infectious diseases

Materials: specimens of both infectious and non infectious diseases mixed together
including rots, wilts, spots, blights, mineral deficiencies, toxicities, sun burns, etc. and
distinguish the differences between infectious and non infectious diseases.
 Describe the symptoms of infections and non infectious diseases and made

comments on diagnosis with justification.

Exercise    : DIAGNOSIS OF FUNGAL LEAF SPOT DISEASE BY VISUAL SYMPTOMS,
MICROSCOPIC SIGNS AND A MOIST CHAMBER INCUBATION.

Fungal leaf spot identification is accomplished by associating a fungus with the
symptoms on the foliage. Fungi are usually identified by spore morphology and spore
arrangement on conidiophores or by spore morphology and fruiting bodies observed in
the diseased plant tissue. If spores are present on symptomatic tissues, then diagnosis
may be completed with light microscopy. If spores are not present, then a moist
chamber may be prepared to stimulate spore development and maturation. After 1-7
days, tissues are examined for signs of sporulation. If spores are not produced in a
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moist chamber, then diagnosis proceeds to fungal isolation in culture. After
approximately 3-7 days, culture re-examined microscopically to observe fungal spore
development.

Materials
Each team of students will require the following material

Plant samples showing leaf spots, (early blight on tomato/ Septoria leaf spot on
tomato/Cercospora leaf spot on rose/ anthracnose on cucumber) dissecting and
compound microscope, slides and cover slips, dropper bottle with water, cotton blue
satin (0.5%) plastic bags, paper towels.

Procedure
1. Select a sample (provided by instructor) for diagnosis.
2. Study and record observations of the symptoms present. Describe leaf spot

colour, shape, size, texture etc.
3. Select some leaf spots of varying appearance and observe with the aid of a

dissecting microscope. Look for evidence of small black or other coloured
bodies scattered over the leaf spots, .record observations.

4. If fruiting bodies are observed, cut out tissue sections with bodies and place one
or two sections on a microscopic slide, add a drop of water and put coyer slip.
Observe wet mount for presence o f fruiting bodies and spores.

5. If fruiting bodies are not observed, take few leaves with leaf spots and place
them onto a plastic bag containing a damp paper towel. Incubate for 7 days at
room temperature.

6. Refer to the Illustrated Genera of Imperfect (Barnett and Hunter, 1986 edition) to
identify the fungus. Consult host disease indices and compendia of crop
diseases to determine whether the fungus has been associated with a
previously reported leaf spot disease.

7. Make the diagnosis.

Observations and record

 Observe the fungus based on spore morphology, fruiting bodies, arrangement of
spores on conidiophores.

 Determine "whether the symptoms and signs observed have been previously
described on the host selected.

 Comments should be made on the diagnosis of the problem with justification.
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Exercise No. 5

PRESERVATION OF DISEASE SAMPLES – DRY AND WET METHODS

Preservation of diseased specimens is of much importance in the study of plant
diseases. Such preserved specimens can be used as reference materials for
comparisons. Dry and wet specimens of fungal and bacterial diseases can be
preserved.

a.   Collection and dry preservation of plant disease specimen
The main objective in preservation of plant specimens for herbarium use and

storage is to dry the material quickly to prevent moulding and minimize discolouration.
The preserved specimen should remain in readily recognizable condition. The plant
press is commonly used in the dry method. Plant or plant parts are arranged inside the
folder newspaper, sheet with care that the materials remains flat and not variously
folded. The news paper is then placed between the blotters and the press is tightened.
For drying it is placed in the sun or in a drying oven. When the plant is dry, it is placed in
paper packets or mounted on herbarium sheets. The fleshy specimens can be dried in
drier fitted with an electrical bulb.
Materials: Paper envelopes, plant press with blotters and newspapers.
Procedure

1. Collect infected plant parts and place them in paper envelops. Use separate
envelops for different kinds of diseased specimens and bring to the laboratory.

2. Arrange (spread) the diseases specimens on the sheets of newspaper.
3. Place the newspaper between the blotters and tighten the bolts of the press.
4. Change the blotters at frequent intervals till the specimens become dry.
5. Keep the press under sun for complete drying.
6. Remove dried specimens from the press and keep them in non absorbent tissue

papers.
7. Examine a few bits of specimens as early as possible after collection and identify

the pathogen and "label all the specimens giving the following information.
a) Name of the student with I.D.No:
b) Specimen Number:
c) Name of the Host:
d) Name of the causal organism (binomial):

Record

Label all the specimens properly and prepare a list of specimens preserved

Sketch of plant press

b. Wet preservation of diseased specimens

Formalin-acetic alcohol (FAA) is a good killing and fixing agent. After treatment with
FAA, specimens can be stored in dilute (5 % commercial) formalin. Virus affected green
tissues, rust affected plant parts and leaf spots can be preserved in copper acetate
solution.
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Materials: Fresh diseased leaves, formaldehyde/formalin, ethyl alcohol, glacial acetic
acid, copper acetate crystals, zinc chloride, glycerol, vessel for heating, glass containers
with screw tops.

Procedure
For general wet preservation of diseased specimens use the following preservatives.
5% formaldehyde (40%) in water : 40 ml

Ethyl alcohol : 150ml

Water : 1 litre

For colour preservation of green plant parts, follow the following steps

a) Thoroughly wash the specimen in running water
b) Place leaves in the boiling mixture containing 1 part of glacial acetic acid

saturated with copper acetate crystals and 4 parts of water
c) Continue boiling until copper acetate replaces the natural green colour of

cells, (approx. 15 min.)
d) Take out the material; wash thoroughly in running water again to remove

excess copper.
e) Preserve the specimen in 5% commercial formalin in glass containers/

specimen jars with screw caps.

For preservation of coloured fruits or stems of woody tissues, the prepare the following
solution

Zinc chloride : 50 g

Formaldehyde (40%) : 25 ml

Glycerol : 25 ml

Water : 1 litre

Wash and preserve the specimens as such in the above solution without boiling.

Record

Label and write the details of preserved specimens
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Exercise No.6

DEMONSTRATION OF KOCH'S POSTULAES FOR FUNGI

The etiologic agent is the cause of a disease. Microorganisms are the etiologic
agents of a wide variety of infectious plant diseases. Microbes can be parasites, living in
or on and getting nutrients from its host, another living organism or pathogens, a
parasite able to cause a disease in a particular host or range of hosts. All parasites may
not be pathogens. Parasites may be obligate (biotrophs) if restricted to living tissues or
facultative when they also colonise dead tissues in addition to living. The sequence of
processes in disease development from initial contact between pathogen and host to
completion of syndrome is called pathogenesis. The ability of pathogen to cause
disease is called pathogenicity that depends upon the susceptibility of the host to the
pathogen and on the virulence, the degree of pathogenicity of the pathogen.

The actual cause of many diseases is difficult to determine. Although many
organisms can be isolated from a diseased tissue, their presence does not prove that
any or all of them caused the disease due to the fact that the isolated microbe may be
part of the normal flora or transient flora of that area or a secondary invader. The
pioneering German microbiologist, Robert Koch, identified a set of four conditions which
has to be satisfied to establish that a particular organism is the causative agent of a
particular disease. These conditions known as Koch's postulates are:

1. The suspected pathogen must be found associated with the disease in all
the diseased plants examined.

2. The organism must be isolated from the diseased tissue and grown in pure
culture on nutrient media and its characteristics described (non-obligate
parasites) or in a susceptible host plant (obligate parasites), and its
appearance and effects recorded.

3. When a healthy plant, of the same species or variety, is inoculated with this
culture, it must produce the disease and show the characteristic symptoms.

4. The organism must be re-isolated from the inoculated plants and must be
shown to be the same pathogen as the original. If all the above steps have
been followed and proved true, then the isolated pathogen is identified as
the organism responsible for the disease.

a. Demonstration of Koch's postulates for fungal phyto-pathogens
Drechslera oryzae is the etiologic agent of brown leaf spot of paddy and will be

used to demonstrate Koch's postulates
Materials required

Diseased paddy leaves infected by brown leaf spot, Paddy seeds susceptible to
brown leaf spot disease, pure culture of Drechslera oryzae, sterile Petri-dishes, sodium
hypochlorite (1%), sterilized distilled water, sterilized soil, hand sprayer, glass slides,
needles, lacto phenol and microscope.
Procedure

1. Take diseased paddy leaf infected by brown leaf spot along with some
healthy tissue.



33

2. Cut into small pieces (2-5 mm ) containing both the' diseased and healthy
tissue and keep in sterile Petri dishes

3. Dip the pieces into 1 % sodium hypochlorite solution for about one minute.
4. Transfer the pieces to Petri - dishes containing sterile distilled water and

wash thoroughly in two changes of sterile water to free them from the
chemicals if any.

5. Wash hands with rectified spirit and wipe the table top of inoculation
chamber with rectified spirit.

6. Lit the burner
7. Hold the flask containing sterile Luke warm PDA in the right hand and

remove plug near the flame. Lift the lid of Petri dish gently with left hand
and pour about 20 ml of medium. Close the mouth of the flask with plug
near the flame

8. After solidification of the medium, place four sterilized pieces at different
distance in a single PDA plate.

9. Incubate the Petri dishes in an inverted position at 25° C and examine for 3-
5 days.

10. Select seeds of variety of paddy susceptible to brown leaf spot disease
11. Surface sterilize the seeds by dipping in 1 % sodium hypochlorite solution

for one minute.
12. Wash thoroughly with sterile distilled water.
13. Sterilize the soil in an autoclave at 20 Ibs pressure for 2 hours

consecutively for three day
14. Fill up the pots with sterilized soil.
15. Sow the seeds in soil contained in pot
16. Keep the soil moist by regular watering with sterilized water.
17. Keep the pots under controlled conditions to avoid any type of

contamination.
18. When the plants have put forth five leaves, use the plants for inoculation.
19. Prepare a suspension of the spores from pure culture of the test fungus,
20. D. oryzae at desired concentration.
21. Spray the spore suspension on the leaves with a hand sprayer (atomizer).
22. Place the pots in moist chamber and incubate at 25° C for 48 hours. Cover

the
23. Incubated plant with a bell jar /polythene bag if moist chamber is not

available.
24. After 48 hours remove the pots from the moist chamber and place on the

greenhouse bench. The disease manifests itself within a few days.

Observation and results

a) Examine the plants daily, note the symptoms and its development and
study the morphology of the pathogen in advance stage. Compare the
developed symptoms with original   diseased   specimen   from   which   the
test   pathogen   was   isolated.

b) For, confirmation, re-isolate the pathogen and compare with, the culture
isolated from the original specimen.
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Exercise No.7

DEMONSTRATION OF KOCH'S POSTULATES FOR BACTERIA
Erwinia carotovora is   the   etiologic   agent of soft-rot of several plants.

E.carotovora - carrot system will be used to demonstrate Koch's postulates.
Materials

Infected carrot with E.carotovora, Healthy carrots, Nutrient agar plates, Scalpel, Potato
peeler,  Forceps,  alcohol,  sterile Petri plate  with  filter paper,  Sterile  water, Disinfectant, Gram-
stain reagents, Inoculation loop, Bunsen burner
Procedure

1. Isolate the bacterial pathogen from the infected carrot
2. Purify the bacterial culture, if contaminated, following purification technique.
3. Prepare a bacterial smear from the pure culture and gram stain it.
4. Wash the healthy carrot well
5. Peel the carrot
6. Allow it to dry
7. Surface sterilize it with disinfectant rinse with 2-3 changes of sterile water
8. Cut the carrot into slices (5 to 8 mm thick) with alcohol dipped and flamed

scalpel.
9. Using flamed forceps, transfer four carrot slices into sterile Petri plate lined

with filter paper
10. Inoculate the centre of three slices each with a loopful of bacterial culture;

the fourth carrot slice should be kept as un-inoculated control.
11. Saturate the filter paper with sterile water.
12. Incubate the plate at ' room temperature (25°C) for 3-5 days or until soft rot

appears.
13. Streak an inoculums from the diseased carrot on the nutrient agar plate.
14. Incubate the inoculated plate in an inverted position for 48 hours at room

temperature.
15. Prepare a smear from the nutrient agar culture
16. Make a smear from the disease carrot too
17. Gram stains both the smears.

Observations and Results
Observe the infected carrot and artificially inoculated carrot pieces for soft-rot

symptoms. Observe the gram stain preparations for the morphology and gram reactions,
all the three smears.

If the disease symptoms are produced on artificially inoculated carrot pieces and
the morphology and Gram-stain reaction in the three smears are the same (i.e. the
pathogen is the same, Erwinia carotovora) the Koch's postulates are proved.
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Exercise No.8

STUDY OF DIFFERENT GROUP OF FUNGICIDES AND
ANTIBIOTICS

A. HETEROCYCLIC NITROGENOUS COMPOUNDS AND MISCELLNEOUSFUNGICIDES

HETEROCYCLIC NITROGENOUS COMPOUNDS

These compounds are also known as organic pthalimide compounds and have a
number of valuable fungicidal properties. They are used both for seed treatment and
foliar application. There are three fungicides in this group viz., captan, folpet and
captafol.

CAPTAN
Kittleson in 1952 developed captan, hence, in the beginning it was called
Kittleson's killer.

Chemical name: N- trichloro methyl thio tetra hydropthalimide

Trade names Captan 50 W, Captan 75 W, ESSO fungicide 406, Orthocide-406, Captaf,
Capstan, Kohicap

Formulation WP (50 % and 75 %)

Dosage 0.2-0.3% for dry seed treatment
0.2-0.3 % for spraying
25 to 30 kg/ha for furrow application

Diseases controlled
By seed treatment: Damping-off of beans, chilli, tomato, seedling rot of groundnut,
seedling blight and stem rot of jute, seed rots and seedling blights of maize, pre-
emergence seedling infection in rice, millet seedling blight, sorghum anthracnose.
By spraying: Apple scab, chill fruit rot, downy mildew and grey mould of grapes ,
mango anthracnose, early and late blight of potato, early blight of tomato.
By furrow application: Onion smut
By soil application: Damping off of tomato
Compatibility: It is incompatible with all alkaline materials such as lime sulphur and
Bordeaux mixture, compatible with other common fungicides and insecticides.

FOLPET
It is an analogue of captan and somewhat more effective than captan in controlling
several diseases.
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Chemical name N - (trichloro-methylthio) pthalimide
Trade name Phaltan
Dosage 0.1 to 0.2 % for spraying
Diseases controlled: Apple scab, bitter rot, black rot, fly speck and sooty blotch,
Rose black spot, tobacco brown spot.

CAPTAFOL
Chemical name Cis-N (1, 1, 2, 2 - tetrachloro ethylthio)-4-

cyclohexene-1,2 dicarboximide.
Trade name Difoltan, Difosan, Sanspor, Foltaf
Dosage 0.15 to 0.2 % for spraying

0.25 % for seed treatment
0.15 % for soil drenching

Formulation WP
Diseases controlled:
By spraying: Apple scab," downy mildew of crucifers, Phomopsis disease of grapes,
mango anthracnose, sorghum anthracnose, ergot and grey leaf spot, tobacco frog eye
leaf spot, and wheat brown rust.
By seed treatment: Flag smut of wheat, cotton seedling diseases, pre-emergence rot of
maize, seed rot and seedling diseases of rice.
Phytotoxicity: It is safe on most crops. Phytotoxicty is reported in grapes, apples and
roses under certain weather conditions.
Note: Captafol application on groundnut for control of Cercospora leaf spot increases
the severity of Sclerotinia blight.

MISCELLANEOUS FUNGICIDES
DINOCAP

It is a mixture of 2, 4-dinitro-6-octylphenyl crotonate and 2, 6-dintro-4
octophenyl crotonate. It was originally developed as a miticide but soon established itself
as a powdery mildew fungicide.
Trade names Karathane, Arathane, Mildex, Mildont, Crotothane
Formulations 25 % WP and 48 % EC

Dosage 100 to 200 ml / 300 to 400 litres of water or 0.1 to 0.2 % for
spraying

Diseases controlled: It is an excellent substitute to sulphur for the control of powdery
mildew on sulphur sensitive crops. Powdery mildew of apple, ber, bhendi, chilli,
coriander, crucifiers' cucurbits, grapes, mango, mung bean, peas, rose, tobacco and
wheat.
Compatibility: It is incompatible with lead arsenate, lime sulphur and oil based sprays.
Phytotoxicity: If used at higher concentration or when the atmospheric temperatures are
above 30°C it may damage the foliage.

CHLOROTHALONIL
It is a broad-spectrum contact fungicide belonging to Pthalimide group.
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Chemical name 2,4, 5, 6-tetrachloroisopthalonitrile.
Trade name Bravo, Daconil, Exotherm, Thermil,

Kavach, Safeguard

Dosage 1.2 to 2.0 kg/ha for spraying or
(0.2 to 0.3 %).

Formulation WP (75 %), Dust (20 %)

Diseases controlled: Tikka and rust of groundnut, apple scab, downy mildew of
cucurbits, onion purple blotch, sugarcane rust, sigatoka of banana, leaf spot of alfalfa,
rust of beans.
Note: Chlorothalonil application at the rates recommended for control of Cercospora
leaf spot (1.2 to 2.4 kg/ha) increases the severity of blight caused by Sclerotinia minor.

DODlNE: It is an eradicant fungicide
Chemical name n-dodecyl guanidine acetate
Trade name Cyprex 65 WP
Dosage 0.075 % spraying
Diseases controlled: Apple scab, black spot of roses and cherry leaf spot.

B. SYSTEMIC FUNGICIDES

A systemic fungicide is defined as any fungi toxic compound capable of being
freely translocated after penetrating the plant and controlling a fungus. Translocation is
the movement of a compound within body to tissues remote from
the site of application. The movement of chemical in plants is in three ways viz., Apo-
plastic (Acropetal), Sym-plastic (Basipetal) and Ambimobile.

Apo-plastic movement: When compounds move in the direction of transpiration stream
through the xylem vessels (It is upward movement).
Eg.: Benomyl, Carbendazim,Carboxin,Oxycarboxin, Kitazin, Tridemorph.
Symplastic movement: Movement of foliar fungicides along with photosynthates and
sugars in phloem (It is downward movement)
Eg.: Metalaxyl, Foestyl-Al, Triadimefon
Ambimobile: When chemical moves in both the directions (having both acropetal and
basipetal transport)
Eg.: Systhane, Imazalil, Fosetyl – AL

Classification of systemic fungicides based in chemical nature
Group Common Name Trade Name

1. Acylalanines Metalaxyl,
Furalaxyl
Benalaxyl

Ridomil Fungarid GelbenriRhidomil
Fungarid
gelben

2. Acylamino-
butyrolctone

Ofurace Patafol
3. Acylamino-

oxazolidines
Cyprofuram Vinicur
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Fenapanil Sisthane

11. Isoxazoles Hymexazole Tachigaren
12. Morpholines Tridemorph Calixin

Dodimorph Miltox
13. OP compounds IBP Kitazin

Edifenphos Hinosan
Pyrazophos Afugon
Triamiphos Wapsin

14. Piperazines Triforine Saprol

15. Phosphonates Fosetyl-AL Aliette
16. Pyridines Pyroxichlor Nurella

Buthiobate Denmert
17. Pyrimidines Dimethirimol Milcurb

Ethirimol Milstem
Fenarimol Rubigon
Nuarimol Triminol

18. Strobilurins Kresoxim methyl BAS 490F
Azoxystrobhin ICIA 5304

Metominostrobin Oribright
19. Thiophanates Thiophanate-methyl

Thiophanate-ethyl
Topsin-M
Topsin

20. Triazoles Triadimefon Bayleton
Triadimenol Bayton

Bitertanol Baycor

Propiconazole Tilt
Hexaconazole Contaf

4. Aromatic-
hydrocarbons

Chloroneb
Etridiazole

Demosan
Terrazole

5. Benzimidazoles Benomyl,
Carbendaazim
Thiabendazole (TBZ)

Benlate
Bavistin
Mertect

6, Carbamates Prothiocarb
Propamocarb

Previcur
Previcur N

7. Carboximides Carboxin
Oxycarboxin

Vitavax
Plantavax

8. Cynoacetamide Cymoxanil Curzate

9. Dicarboximides Iprodione
Vinclozolin

Rovral
Ronilan

10. Imidazoles Imazalil Fungaflor
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s     : Acylalanines: The acylalanines are also referred as phenyl amides , acylanilides and
acylanilines.
Metalaxyl Fungistatic, protective and curative action

Chemical name DL- N-(2, 6-dimethyl phenyl)-N-(methoxyacetyl) - alaninate

Trade name Apron 35 SD, Ridomil25WP, Ridomil MZ-72 WP
Dosage Seed treatment:3-5 g/kg of seed

Foliar application :200 to 300 g a,i/ha
Soil application :1 to 1.5 kg a.i/ha

Specific diseases controlled: Selective activity against Oomycetes and give excellent
control of diseases caused by members of Peronosporales (downy mildews, late blight,
damping-off, Stem, rot and fruit rots) citrus gummosis, downy mildew of cucurbits,
grapes, sorghum, pearl millet and maize .White rust of crucifers, bud rot of coconut and
areca nut, damping off of vegetables, rhizome rot of ginger and turmeric.
Note: Ridomil-MZ is a combination of Metalaxyl (8 %) and Mancozeb (64 %)
Compatibility: Compatible with most of the insecticides, acaricides and fungicides.

2. Aromatic-hydrocarbons (Phenol derivatives)
Chloroneb
Chemical name 1, 4-dichloro-2, 5 – dimethoxybenzene
Trade Name Demosan 65 W

Dosage Seed treatment 0.2 %
Soil application (in-furrow spray) : 5 to 7.5
kg/125 to 250 litres/ha

Diseases controlled: Seedling diseases of cotton, bean, peas, peanut and cucurbits
caused by species of Rhizoctonia, Phytophthora, Pythium and Sclerotium. Not effective
against Fusarium spp.

3. Acyl amino-butyrolactone
Ofurace
Chemical name [DL-3   (N-chloracetyl-N   (2,6-dimethyl   phenyl)-amino)-a-

(butyralactone)]
Trade Name Patafol and caltan

Dosage Foliar application 2.5 kg/ha

Disease controlled: Late blight of potato

4. Acylamino-oxazolidines
Cyprofuran
Chemical name (±)-H-(N(3-chlorophenyl)-cyclopropane carboxamide)-y-

butyrolactone
Trade Name Vinicur

Dosage 0.08 %
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Disease controlled: Blight   of temperate   fruit   crops   caused   by Phytophthora
megasperma

5. Cynoacetamide oxines

Cymoxanil
Chemical name 2-cyano-N-( ethylaminocarbomyl)-2-(methoxyirnino)acetamide

Trade Name Curzate

Dosage Foliar application: 0.08%
Soil application: 2 mg ml"

Disease controlled :     Downy mildew of cucumber, grapes, late blight of potato

6. Benzimidazoles: Broad spectrum fungicides, not effective against lower fungi and
bacteria
Benomyl :     Preventive and eradicant fungicide
Chemical name Methyl-N-(1-butyl carbamoyl)-2-benzimidazole carbamate
Trade Name Benlate 50 WP
Dosage Seed treatment 1-2 g/kg of seed

Foliar application: 50-60 g/100 lt
Soil drenching : 50-200 ppm
Soil broadcast : 12-45 kg a.i /ha
Pre and post harvest sprays and dips : 75-450 ppm a.i.
In-wax treatment : 50 g Benlate 50 WP + 50 g wax/100

Specific diseases controlled
By seed treatment: Seed-borne nematodes in rice and cucurbits, sheath rot of rice, seed
and seedling rots of maize and groundnut, wilt of cotton, anthracnose of cotton and
beans.
By spraying : Rusts and smuts of cereals, powdery mildew of apple, cucurbits, roses,
cluster beans, grapevine, mango, peas, tomato and bhendi, rice blast, apple scab, black
spot of rose, fruit rot and dieback of chilli. Tikka leaf spot of groundnut, mango
malformation, and frog eye leaf spot of tobacco.
By soil application: Pea root rot, Verticillium wilt of potato, Fusarium wilt of tomato
(21/m2)
Post-harvest sprays, dips and in-wax treatment: Post-harvest rots of fruits and vegetables
such as apple, citrus, bananas, peaches and mango. Citrus green and blue mould, stem
end rot, guava fruit rot, banana crown rot
Compatibility :        Should not be mixed with pesticides which are alkaline in reaction
Carbendazim : Prophylactic and curative in action
Chemical name Methyl-2-benzimidazole carbamate (MBC)
Trade Name Bavistin, Derosai, Bengard, Hycarb, MBC and Dhanustin
Dosage 0.25 % seed treatment

0.1 % foliar application
0.1 % for soil drench
500-1000 ppm for post-harvest dip of fruits (1/2 to 1 minute)
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Specific Diseases controlled
By seed treatment: Internally and externally seed borne diseases such as loose smut of
wheat, flag smut of wheat, brown spot of rice, bunt of wheat

By foliar application: Powdery mildew of grapes, tobacco, vegetables, apple scab, rice
blast and sheath blight, mango malformation.
By soil application: Root rot of apple in nursery and orchard.
Post harvest dip of fruits: Post harvest rots of fruits and vegetables.

Thiabendazole
Chemical name 2-( 4-thiazole - yl )- benzimidazole (TBZ)
Trade Name Mycozol , Arbotect , TBZ, Mertcct 60 WP
Dosage 0.2 to 0.3 % for spraying and seed treatment , 1000 ppm for

fruit dip(post-harvest) dip for 2 mts.
Diseases controlled
By seed treatment: Bunt of wheat, loose smut of wheat
By spraying: Cercospora leaf spot of sugar beet and groundnut
By fruit dip: Blue and green moulds of citrus

7. Carbamates
Prothicarb
Chemical name S-ethyl-N-(3-dimethylaminopropyl)-thiocarbamate

hydrochloride
Trade Name Previcur, Dynone
Dosage 5.6kg a.i./ha soil application
Diseases controlled: Effective against phycomycetes fungi viz., Pythium, Phytophthora,
Peronospora, Pseudoperonospora and Bremia sps.

Propamocarb
Chemical name Propyl -(3-(dimethyl amino)-propyl] carbamate monohydro-

chloride
Trade Name Previcur-N, Dynone-N
Dosage 3.4 and 4.8 kg a.i /ha soil application.
Diseases controlled : Effective    against    diseases    caused    by Pythium and

Phytophthora spp

8. Carboximides
Also called carboxylic acid anilides or carboxanilides or anilides or oxathiins.

The systemic fungicidal activity of oxathiin derivatives was for the first time reported by
Von Schemeling and Marshal Kulka in 1966. The two oxathiin derivatives developed by
them are known by their common name carboxin and oxycarboxin.
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Carboxin : Specific for smut.
Chemical name 5, 6-dihydro-2-methyl-1,4-Oxathiin-3- carboxanilide (DMOC)
Trade Name Vitavax 75 % WP, Vitavax 200 (37.5 % carboxin + 37.5 % thiram)
Dosage 0.15 to 0.2 % seed treatment

0.5 % for spraying

2 kg/300 lt / ha for soil drenching.
Vitavax 200 - 0.4 % of seed treatment

Specific diseases controlled
By seed treatment: Externally and internally seed-borne smuts of wheat, barley and oats.
Loose smut of wheat, barley; onion smut; head smut of maize and sorghum.
By spraying: Leaf blight of onion and bajra smut.
By soil drenching: Diseases caused by Rhizoctonia solani , Macrophomina phaseolina
and Sclerotium rolfsii
Compatibility: Compatible with commonly used fungicides. As seed treatment it is
compatible with thiram and captan.

Oxycarboxin: Specific for rusts
Chemical name 2, 3-dihydro-5-carboxanilide-6-methyl-1,4- oxathin-4, 4-

dioxide (DCMOD)
Trade Name Plantavax 20 % EC, 75 % WP; Plantavax 5 % liquid
Dosage 0.2 to 0.5 %1 for seed treatment ,

0.1 - 0.2%for foliar spray .
Diseases controlled
By seed treatment :    Potato seed piece decay and smuts of wheat, barley and
Sorghum
By foliar spray : Rusts of safflower, wheat, rose, sorghum, linseed and beans.
Compatibility : Same as that of carboxin

9. Dicarboximides
Iprodione
Chemical name 3 - (3, 5-dichlrophenyl)-N-isopropyl-(2,4-dioxoimidazolidine-1-

carboxamide)
Trade Name Glycophene, Rovral
Dosage 0.15 to 0.2 % for spraying

500 ppm for post harvest dip of fruits (5 mts dip).

Diseases controlled
By spraying: Diseases caused by Alternaria spp and Botrytis spp ,.Sheath blight of rice.
By fruit dip: Moulds caused by Botrytis, Monilinia, Sderotinia, Fusarium, Penicillium
and Rhizopus in fruits.
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10. Imidazoles
Imazalil
Chemical name 1-[2-(2,4-dichlorophenyl)-2-(2-propenyl-oxyethyl)-1H imidazole]
Trade Name Fungaflor
Dosage Post harvest dip 0.1 %
Disease controlled : Alternaria citri, Colletotrichum sp,Diplodia natalensis ,

Phomopsis citri, Penicillium digitatum.

Fanapanil
Chemical name a-butyl-o-phenyl-1 H -imidazole-I-Propananetrile
Trade Name Sisthane
Dosage 0.05%
Diseases controlled : Spot blotch of barley (Bipolaris sorokiniana)

Squash powdery mildew (Sphaerotheca fuliginea)
Barley powdery mildew (Erysiphe graminis)
Loose smut of barley (Ustilago nuda).

11. Isoxazoles
Hymexazol
Chemical name 3 -hydroxy- 5-methylisoxazole
Trade Name Tachigaren
Diseases controlled: Damping off of rice and sugar beet seedlings.

12. Morpholines
Tridemorph : Protective and curative fungicide
Chemical name N-tridecyl-2, 6-dimethyl-morpholine
Trade Name Calixin 75 % EC, 48 % EC, Beacon 75 % EC
Dosage 0.1% for foliar spray
Specific diseases controlled: Powdery mildew of cereals, cucurbits, peas, rose, rubber,
tobacco, Sigatoka disease of banana, pink disease of rubber, blister blight of tea, cereal
rusts, rust of groundnut.
Phytotoxicity: Phytotoxic at 0.1 % concentration on Barley foliage. At 0.5 % spray or soil
drench phytotoxic on wheat cultivar Agra local.
Compatibility: Compatible with common fungicides, insecticides and micronutrients.

13. Organophosphates / Organo phosphorus compounds
IBP (Kitazin)
Chemical name S-benzyl-Q', O-diisopropyl-phosphoro - thioate
Trade Name Kitazin-P 48 % EC, 17 % granules

Dosage 30-45 kg of 17 % granules/ha along with irrigation water 1.0 to
1.5 litres of 48 % EC / 1000-1500 1/ha for spraying.

Specific diseases controlled: Rice blast, stem rot and sheath blight of rice.
Insecticidal also controls: Rice stem borer, green leafhopper and plant hoppers.
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Compatibility: Compatible with organophosphorus and organoarsenical chemicals.
Incompatible with alkaline compounds and propanil herbicides.

Ediphenphos: Protective and curative fungicide
Chemical name O-ethyl-S-S diphenyl-phosphorodithioate
Trade Name Hinosan 30 and 50 % EC, 2-2.5 % dust

Dosage 0.02 to 0.05 a.i. for spraying (400-500 ppm)
30 to 40 kg/ha for dusting.

Specific diseases controlled: Blast, sheath blight and stem rot of rice. Possess slight
insecticidal activity against leaf and plant hoppers of rice.

14. Phosphonates
Fosetyl-AI: Narrow spectrum fungicide. Specific against Oomycetes fungi viz., Pythium ,
Phytophthora , Pseudoperonospora , Bremia, Plasmopara sps. Preventive and curative.
Translocates acropetally and basipetally (Ambimobile)
Chemical name Aluminium tris- 0 -ethyl phosphonate
Trade Name Aliette 80 % WP

Dosage 0.15%foliar spray
0.2 % soil drench

Specific diseases controlled:
By spraying: fruit rot of arecanut, sesamum blight.

By soil drench: Collar rot of apple, citrus gummosis and blue mold of tobacco.

15 Piperazines
Triforine
Chemical name N, N -1,4- Piperazindiyl-bis-(2,2,2-trichloro-ethyliden)- bis-

formamide
Trade Name Saprol, Funginex, Triforine 20

Dosage 200 g a.i. per hectare
Diseases controlled: Powdery mildew of cereals, vegetables, fruit and flowers.

16. Pyridines
Pryoxychlor
Chemical name 2-chloro-5-methoxy-4-trichloro methyl pyridine
Trade Name Nurella

Dosage 0.1%a.i per hectare
Diseases controlled: Soil-borne disease caused by Phytophthora and Pythium

Buthiobate
Chemical name S-n-butyl-4-tert-butylbenzyl-N-3-Pyridyl dithiocarbonimidate
Trade Name Denmert

Dosage 16 ppm.
Diseases controlled: Powdery mildew diseases of Agricultural and Horticultural crops.
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17. Pyrimidines
Fenarimol
Chemical name a-(2-chlorophenyl)-a-(4-chlorophenyl) 5-pryimidinemethanol
Trade Name Rubigan 12% E.C
Dosage 20 to 40ml/100 lt.s for spraying.
Diseases controlled : Powdery mildew of grapes, cucurbits, apple, roses, mango,
ornamental crops and apple scab.

18. Strobilurins
These are the natural products found in the Basidiomycetes fungi viz., Strobilurus tenacellus

and Ondemansiella mucida.
Common name Trade name Diseases controlled

Kresoxim methyl Discus, Stroby, Candit, Cygnus Ornamental diseases (Fungal)

Trifloxystrobin CGA279202 Broad spectrum

Metominostrobin Oribright Rice blast

Azoxistrobin* ICIA5504, Quadris Broad spectrum

* Available in India under the Trade Name Amistar

19. Thiophanates ( Thiallophanic acid derivatives)
Thiophanate : Protective and curative fungicide
Chemical name 1, 2-bis (3-ethoxycarbomyl-2-thioureido) benzene
Trade Name Topsin 50 % WP Cercobin 50 % WP

Dosage 0.1 to 0.2 % for spraying
Specific diseases controlled: Powdery mildew of cucurbits, apple, pear scab and apple scab,
rice blast, anthracnose of cucurbits, post-harvest decay of fruits, and club root of crucifiers.
Compatibility: Compatible with most other fungicides except copper compounds. It should not be
mixed with Bordeaux mixture or lime sulphur.

Thiophanate-methyl
Chemical name 1, 2-bis (3-Methoxycarbonyl-2-thioureido) benzene.
Trade Name Topsin-M (70 % WP), Cercobin-7 (70 % WP).

Dosage 0.1 % for spraying, seed treatment and fruit dip.
Diseases controlled: Blast and sheath blight of rice, scab of apple and pears, tikka leaf spot of
groundnut, powdery mildew of beans, bhendi , cucurbits, chilli, peas, apple, mango, grapes and
roses. Anthracnose of beans, cucurbits and grapes .sigatoka leaf spot of banana.
By seed treatment : Smut of maize
By fruit dip : Post-harvest infection of Gloeosporium musarum in banana
By soil drenching : Verticillium wilt of tomato. Club rot of cabbage
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Compatibility : Same as thiophanate.

20. Triazoles
Triadimefon Protective, curative and eradicant fungicide
Chemical name 1-(4-chlorophenoxy)-3-3-dimethyl

(1,2, 4-triazole-1-yl) butan -2 - one
Trade Name Bayleton 25 % WP
Dosage 0.1 to 0.2 % foliar spray ,1 % for seed treatment.
Specific diseases controlled: Excellent fungi toxic activity against Erysiphe , Puccinia and
Uromyces sp. Powdery mildew of pea, chilli, wheat, grapes, mango and ber .Rust of beans,
cowpea, coffee, wheat, maize and barley.
By seed treatment: loose smut of wheat, bunt of wheat

Tricyclazole : Melanin biosynthesis inhibitor
Chemical name 5-Methyl-I, 2,4-triazole (3,4-b )-benzothiazole
Trade Name Beam 75% \VP, Trooper 75 %WP
Dosage 2 g/kg for seed treatment

0.06 % for foliar spray.
Diseases controlled: rice blast.

Bitertanol : Protective, curative and Eradicant (Biloxazol)
Chemical name B-[1,1-biphenyl)-4-yl- oxyl)-£ (1,1- dimethyl- ethyl)- 1,4-. 1, 2 , 4,

triazole-1-ethanol.
Trade Name Baycor 25 % and 50 % WP
Dosage 0.05 to 0.1 % foliar spray
Diseases controlled: Apple scab and powdery mildew, sigatoka disease of banana, tikka leaf
spot of groundnut, Bean rust and powdery mildew, powdery mildew of cucurbits, roses, pea, and
cowpea.

Hexaconazole: Broad spectrum systemic fungicide effective against basidiomycetes and
ascomycetes. It has both protectant and eradicant properties.
Chemical name (RS)-2-(2, 4-dichlorophenyl)- 1-(IHH-I,2, 4-triazol-1-yl) hexan-2-OL.
Trade Name Contaf 5 % EC, Anvil
Dosage 0.2 % spraying.
Diseases controlled: Sheath blight of rice, rust and tikka leaf spot of groundnut, powdery mildew
of roses, powdery mildew, scab and rust of apple, sigatoka disease of banana, pecan scab.
Compatibility: It is compatible with dithiocarbamates and chlorothalonil.

Propiconazole
Chemical name 1-(2-(2, 4-dichlorophenyl)-4-propyl-l ,3-dioxolan-2 yl methyl)-1 H,

1,2,4,triazole.
Trade Name Tilt 25 % EC, Desmel
Dosage 0.1 % for foliar application.
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Diseases controlled: Sheath blight of rice, sigatoka of banana, tikka leaf spot of groundnut,
powdery mildew of grapes, pecan scab, brown rot of stone fruits, leaf rust of wheat.

Compatibility: Compatible with most commonly used insecticides, acaricides and fungicides

Penconazole : Protective, curative and eradicant fungicide.
Chemical name 1-(2-(2-4-dichlorophenyl)-n-phenyl)-l h-1, 2, 4- triazole.
Trade Name Topas , Topaz, Award 10 % EC.
Dosage 0.025 % for spraying
Diseases controlled: Powdery mildew diseases of fruits and vegetables, scab of apple and pears,
black rot on grapes.

Myclobutanil : Protective and curative fungicide
Chemical name L-butyl- (4-chlorophenyl)-IH-l,2,4-triazole-1- propanenitrile.
Trade Name Systhane 10 % WP
Dosage 10%WP
Diseases controlled: Powdery mildew, scab of apple, Cedar apple rust, Anthracnose of grape
vine.

c. ANTIBIOTICS
Antibiotics are the substances which are produced by microorganisms and which' act against

microorganisms. Antibiotics are of two types viz., Antifungal antibiotics and Antibacterial antibiotics.

Antifungal antibiotics include Aureofungin, Cycloheximide, Griseofulvin, Blasticidin,
Validamycin and Kasugamycin. Antibacterial antibiotics include Streptomycin, Streptocycline,
Tetracyclines and Agrimycin-100.

Antifungal antibiotics
Aureofungin : It   is   produced   by Streptoverticiillium cinnamomeum var. terricola.
Chemical name N-methyl-P-aminoacetophenone and mycosamine.
Trade Name Aureofungin sol  (contains  33.3  % Aureofungin +  66.7  %

solubilising agent)
Dosage 15 ppm for spraying (7.5 g /300L of water)

100-500ppm for fruit dip
3-6 g/60 1 of water for seed treatment.

Diseases controlled: By spraying powdery mildew of apple, grapes, mango and peas, blast of
rice and ragi, downy mildew of graphs, citrus gummosis, Ganoderma root rot of coconut, dieback
and fruit rot of chilli.
By fruit dip: Fruit rot of papaya, tomato and mango.
By seed treatment: Loose smut of wheat, brown spot of rice, stripe disease in barley and covered
smut of oats.

Cycloheximide : It is produced by Streptomyces griseus.
Chemical name B-(2- (3, 5-dimethyl-2-Oxocyclohexyl 2-hydroxyethyl)

glutarimide
Trade Name Actidione and Actispray
Dosage 5 to 50 ppm for spraying

10 ppm for seed soaking.
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Diseases controlled
By spraying: Cedar rust of apple, bean powdery mildew, rose powdery mildew, leaf and stem
rusts of wheat.
By seed soaking: Covered smut of oats, bean seedling diseases and wheat bunts.

Griseofulvin: It is produced by Penicillium griseofulvum.
Trade Name Griseoofulvin
Dosage 100 to 100 ppm for foliar spray
Diseases controlled: Powdery mildew of roses, cucumber and beans, Botrytis diseases of crops,
brown rot of apple, early blight of tomato, Ascochyta blight on peas.

Blasticldln: Antifungal antibiotic specific against rice blast. Not available in India.
Validamycin : Antifungal antibiotic
Trade Name Sheath mar 3 % L.
Dosage 100 ppm for spraying (400 to 600 ml/acre)
Diseases controlled: Sheath blight of rice. Also controls, damping-off, foot rot, root rot diseases
caused by Rhizoctonia spp and others in rice, citrus, potatoes and vegetables etc.

Kasugamycin
Trade Name Kasu-B 3 % SL
Dosage 100 ppm for spraying (400 to 600 ml/acre)
Diseases controlled: Rice blast

Antibacterial antibiotics
Streptomycin: It is produced by the actinomycete Streptomyces griseous.
Trade Name Streptomycin sulphate.
Dosage 100 to 500 ppm for foliar spraying.
Diseases controlled: Citrus canker, bacterial leaf spot of tomato and chilli, halo blight of French
bean. Fire blight of apples and peas and black arm of cotton.

Streptocycline: Bactericide containing streptomycin sulphate and tetracycline hydrochloride in the
ratio of 9: 1.
Dosage 6g / 60 litres of water for seed treatment (soaking the seed) for 1/2

to 2 hrs before sowing.
6 g / 120 litres of water for spraying.

Diseases controlled: Citrus canker, Bacterial leaf blight of rice, BLS of rice, black arm of cotton,
bacterial leaf spot of chilli and tomato, fire blight of apples and pears.
Note: It is used as a seed disinfectant against bacterial pathogens of beans, crucifiers and cereals
etc.

Tetracyclines: These are produced by a number of species of Streptomyces . Oxytetracycline,
chlorotetracycline and tetracyclines have been used in plant disease control.
Dosage: 100-500 ppm

Oxytetracycline as a soil-drench or water dip controls crown gall and fire blight of apples and
pears. Tetracyclines are effective against plant diseases caused by phytoplasmas. An injection of
tetracycline or oxytetracycline into tree trunks controls pear decline, citrus greening and coconut
palm yellows diseases.
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Agrimycin-100
Bactericide containing 15 % streptomycin sulphate and 1-5 % oxytetracycline.

Dosage: 200-500 ppm
Diseases controlled: Fire blight of apple and pears, halo blight of beans, citrus canker, seedling
blight, leaf spot and black arm disease of cotton, soft rot and black leg of potato and bacterial leaf
spot of chilli.
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Exercise No. 9

PREPARATION OF FUNGICIDES - BORDEAUX MIXTURE, BORDEAUX PASTE AND
CHESHUNT COMPOUND

Bordeaux mixture, Bordeaux paste and Cheshunt compound are the preparatory copper
fungicides in which copper sulphate is- the main ingredient. These have been used for the control
of many diseases in vegetables, fruit crops and flowering plants. They have also been commonly
used in plantation crops like tea, rubber and coffee for the control of diseases.

BORDEAUX MIXTURE

This fungicide was introduced by Professor Millardet of University of Bordeaux, France in the
year 1882 for the control of downy mildew disease of grape vine. It is prepared by using the
ingredients copper sulphate, quick lime and water in the proportion of 5:5:500

Materials required: Copper sulphate crystals, quick lime, water, balance, weights, glassware like
beakers, measuring cylinders, glass jars, glass rod, clean iron blade, pestle and mortar, 10 %
potassium ferrocyanide solution and litmus paper.

Procedure: (For 1 % Bordeaux mixture)

a. Weigh 10 grams of copper sulphate.
b. Grind the crystals using pestle and mortar.
c. Add powdered copper sulphate to 500 ml of water in a beaker.
d. Weigh 1 0 grams of lime and dissolve in 500 ml of water in another beaker.
e. Add copper sulphate solution to lime solution by constant stirring (The

resultant mixture is bright blue coloured with a gelatinous precipitate).
f. Test the mixture for excess free copper before use.

Tests for free copper

a. After the mixture is prepared, it must be tested for presence of free copper,
which causes phytotoxicity. It is safe if neutral or alkaline. Acidic nature
indicates the presence of free copper.

b. Dip a clean shining iron blade in the prepared mixture and remove after a
while. Observe for any deposition on the blade. If the iron blade is free from
any deposit no excess free copper is present in the mixture. If the reddish
brown deposit is seen excess copper is present in the mixture.

c. Take small quantity of prepared mixture and add few drops of 10 %
potassium ferrocyanide solution. Stir with a glass rod and observe for
precipitation. If reddish brown precipitate is formed it indicates presence of
excess free copper in the mixture.

d. Dip a piece of litmus paper in the mixture and observe the colour after
taking it out. If the colour changes to red, indicate the presence of excess
free copper in the mixture.

Note

1. If excess free copper is present add more lime to neutralise free copper.
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2. Bordeaux mixture has to be used when fresh as it deteriorates on standing.

However, the mixture can be stabilised by adding sugar or jaggery @ 0.5 Ib for 50gallons of the
mixture (250 g/225 litres). With this treatment the mixture will not deteriorate for several days under
normal conditions.

Dosage
Generally 1, 0.8, 0.5 and 0.4 per cent strength of Bordeaux mixture is used for plant disease

control. For large scale preparation the following quantities of ingredients are required.
Concentration (%) Copper sulphate (kg) Lime (kg) Water (L)

1 5 5 500
0.8 4 4 500
0.5 2.5 2.5 500
0.4 2 2 500

Methods of application: Foliar spray and soil drenching. Merits
1.   Controls wide variety of plant diseases
2. Its natural adhesiveness or tenacity
3. Its good fungicidal properties .
4.   Its relative cheapness
5.   Preparation is easy and safe to handle
Demerits
1. Causes phytotoxicity on certain crops particularly fruit crops like peaches an apple, high
yielding varieties of rice (IR-8) and maize hybrid like Ganga hybrid macca-3.
2.   Delays ripening of the crops.

3.   Retards photosynthesis and increases transpiration.
4.   Corrodes metallic vessels and spraying equipment
Compatibility: As Bordeaux mixture is alkaline in nature it is incompatible with many pesticides.
Chemical reactions: CuSO4 + Ca (OH) 2 = Cu (OH) 2 + CaSO4

Cupric hydroxide is the active principle, which is soluble and is toxic to fungi.
Precautions
1.   It should not be prepared and stored in iron or steel containers
2.   It should not be kept for long in the sprayer
3.   It should be used when fresh
4.   It should be agitated while spraying
5.   There should not be excess free copper in the mixture
6.   Use only good quality lime and copper sulphate
7.   It should not be used on copper sensitive plants
Specific diseases controlled
By foliar application: Downy mildew of grapes, bud rot of coconut, coffee rust, Alternaria blight of
cabbage, leaf spot of ginger, leaf spot of turmeric, leaf blotch of turmeric, Tikka disease of
groundnut, citrus scab. In addition it controls a bacterial disease citrus canker.
By soil drenching: Damping off disease in nurseries of solanaceous plants.
Class work: Prepare one litre of one per cent Bordeaux mixture and test for the presence of
excess free copper.
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BORDEAUX PASTE
It is a preparatory copper fungicide and it consists of same ingredients as that of Bordeaux mixture
but in the form of a paste. The paste is prepared by adding 5 kg each of copper sulphate and lime
in 50 litres of water. It is basically a wound dressing fungicide to be applied to pruned parts of host
plants such as ornamental plants (Rose) and fruit crops ( Ber , citrus and grapes etc.) to prevent
fungal attacks.
Ingredients: Formula 1: 1: 10

CuSo4 Quicklime                 Water

1.0kg 1.0kg 10 litres

100 g 100 g                            1 litre
Procedure

>   Weigh one kilogram of copper sulphate and grind the crystals into fine powder.

> Dissolve copper sulphate in 5 litres of water in glass/wooden/earthen/plastic
containers.

>   Weight one kilogram of lime and grind it into fine powder.

>   Dissolve lime in 5 litres of water in glass/wooden/earthen/plastic containers.

>   Mix the two solutions to get bright blue colour semi solid paste which is always alkaline in
reaction.

Method of application,

It is applied as a smear with a brush on cut ends, pruned twigs, on healthy portions after removing
the diseased/dead portions.
Specific diseases controlled
Citrus gummosis : Phytophthora parasitica

Phytophthora citrophthora
Stem bleeding of coconut : Ceratocysiis paradoxa
Class work : Prepare one litre of Bordeaux paste

CHESHUNT COMPOUND

This compound was introduced by Bewley in 1921. It contains 2parts of copper sulphate and
11 parts of ammonium carbonate. It is basically a soil fungicide.
Ingredients : 2 grams copper sulphate

11 grams ammonium carbonate Procedure

a) Weigh 2grams of copper sulphate and grind it using pestle and mortar.
b) Weigh11 grams of ammonium carbonate and grind it using pestle and mortar.
c) Mix thoroughly the two substances in a container
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d) Store the dry mixture in an airtight container (receptacle) for 24 hours for ripening
before use (If left in an exposed condition it gradually loses ammonia and becomes
less effective).

Note: The mixture is whitish blue when fresh and changes to violet colour on storage. It is
alkaline in reaction.

Dosage
1 ounce of the mixture is dissolved in a little hot water and two gallons of the solution is

made by adding cold water (30 grams in 10 litres of water)
Method of application: Soil drenching only (It should never be used as foliar spray as it is phyto-toxic to
foliage)
Specific diseases controlled

 Damping-off disease in nurseries of solanaceous crops caused by Pythium
aphanidermatum.

 Sclerotial wilt diseases of tomato, chilli, brinjal , groundnut and betel vine caused by
Sclerotium rojfsii

 Wilts caused by the species of Fusarium and Rhizoctonia in various host
plants.

Class work: Prepare Cheshunt compound as suggested
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Exercise No. 10

METHODS OF APPLICATION OF FUNGICIDES –SOIL APPLICATION
Application of fungicides to soil
Purpose: To eradicate or reduce the inoculums density of soil-borne plant pathogens. Methods of
soil treatments

Soil drenching: In this method fungicides are mixed in water and about the same Concentration
as for spraying and applied to the soil surface either before or after plants emerge. The required
quantity of fungicide suspension is applied with a sprinkler or rose can per unit area so that the
fungicide reaches a depth of at least 10-15 cm. This method is followed for controlling damping off.
Root rots or infections at the ground level.

Quantity of fungicidal solution required for soil drenching
a) For Mini plots or shallow flats: 2.5L/m^2
b) Pots up to 40 cm size and propagative beds up to 10 cm in depth: 3.0 1/m^2
c) Pots and propagative beds greater than 10 cm in diameter or depth: 3.5 to 6.0 L/ m^2
Important fungicides used for soil drenching
Fungicide Dosage (%) Pathogens controlled
Bordeaux mixture 1 % Pythium, Phytophthora
Cheshunt compound 0.3 % Pythium, Sclerotium.
Copper oxy chloride 0.2 to 0.3 % Pythium, Phytophthora
Captan 0.2 to 0.3% Pythium, Phytophthora
Captafol 0.3 % Macrophomina,Pythium, Rhizoctonia,

Phytophthora

Dexon 0. 1 to 0.2 % Pythium, Phytophthora

Carbendazim 0. 1 5 % Fusarium, Rhizoctonia, Sclerotium
Benomyl 0.15% Fusarium, Rhizoctonia, Sclerotium
Fosetyl-AL 0.2% Phytophthora, Pythium
Metalaxyl (Ridomil-MZ) 0.2 % Pythium, Phytophthora
Vitavax 0.15% Fusarium, Rhizoctonia, Sclerotium

2 Broadcast: In this method fungicides are mixed with soil or fertilisers, and scattered with hand as
uniformly as possible over the-field and mixed with the soil with a suitable implement. This method
involves greater quantity of fungicides than other methods.
For example: Benomyl @ 12-45 kg a.i. /ha for soil treatment by broadcast controls pea root rot
and Verticillium wilt of potato.

3. Furrow application

Fungicides are applied either as dusts or mixed with water to the furrow at the time of
planting for control of diseases that occur at the base of the plant. This method 'requires’ much
less quantity of fungicides per hectare than broadcast method.
For example

Captan @ 25-30 kg/ha for furrow application for the control of onion smut
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Thiram @ 15-25kg/ha for furrow application for the control of smut and neck rot of onion.

4. Fumigation: This method is usually restricted to small areas and high value crops. Fumigants
are used to control soil-borne fungi and nematodes. These chemicals produce a gas that
distributes itself through the soil. After application of chemicals to soil, it should be covered with a
thin polythene sheet for some time.
Fumigant Pathogens controlled

Methyl bromide Rhizoctonia, Nematodes, Pythium

Vapam Pythium and Nematodes

Methyl isothiocyanate Rhizoctonia

Sodium azide ,Potassium
azide

Sclerotium rolfsii

Nemagon Nematodes and Pythium

Formaldehyd (37-40 %
soln)

Pythium and Rhizoctonia

Chloropicrin Pythium and Nematodes

Precautions
1. Soil should be in good planting conditions
2. Soil should be moist enough to permit seed germination
3. Manure, peat, compost and other humus material must be added before treatment, when
using soil fumigants, fertilizers containing ammonia or ammonium salts should not be added to the
soil at the time of treating.
4. Planting should be done two to four weeks after the treatment.
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Exercise No. 11

METHODS OF APPLICATION OF FUNGICIDES-SEED AND FOLIAR APPLICATION

a) Seed treatment:

Seeds, tubers, bulbs, setts and other propagating materials are given physical /
chemical treatment for eradication of pathogens present on them and for preventing
their rot in the soil after planting.

Types of seed treatment: There are various types of seed treatment and the important ones
are physical arid chemical methods.
Physical methods

1. Mechanical separation: Healthy seed contaminated with ergot of rye, ergot of bajra,
false smut of rice, ear cockle of wheat can be separated mechanically because the
pathogen causes alteration in size and weight of the seed.

2. Steeping the seed in Brine Solution: The diseased grains are removed by steeping the seed
in the brine solution and the diseased grains float due to their lightweight.

Examples: Ergot of rye, ear cockle of wheat.

3. Hot water treatment: Jensen (1887) suggested this for control of loose smut of wheat. Hot
water treatment aims at destroying the infection in the seed without harming the embryo.

Examples: Hot water treatment of seeds at 52°C for 10 min.: controls loose smut of
wheat.

Whip smut of sugarcane - hot water treatment of setts at 52°C for 30 minutes. Grassy shoot of
sugarcane - hot water treatment of setts at 52°C for 30 minutes.

Diseases controlled by Hot Water Treatment

Crop Disease Temperature

Sesamum Bacterial leaf spot Treat seeds at 44°C / 10 mts.
Mustard Alternaria Treat seeds at 50°C / 30 mts.
Potato Virus infection Tuber treatment at 50-56°C for

15-20 mts(or) 50°Cfor 10-12
mts.

Cotton Bacterial blight(black arm) Seed treatment at 52-56°C/10 to
15 mts

Sugarcane Red rot Sett treatment at 52°C / 30 mts.
Whip smut Sett treatment at 52°C / 30 mts.
Grassy shoot Sett treatment at 50°C / 30 mts

Solar treatment: It is a safe and convenient method than hot water treatment. J.C. Luthra(1931)
suggested this method for control of loose smut of wheat. Wheat seed is pre soaked in water for 4-
5 h in the shade or in a room and then dried on ground/concrete floor in a thin layer in sun for 1 h
usually at noon.
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CHEMICAL METHODS
Fungicidal seed treatment: The treatment of seed with fungicides is commonly called seed
dressing and the fungicide used is known as Seed Dressing Agent (or) Seed Dresser. Fungicidal
seed treatment not only kills the pathogen present on / in the seed but also protects the
germinating seeds from other soil-borne pathogens till they become established into young plants.
Fungicidal seed treatment methods include wet seed dressing and dry seed dressing.

Wet seed dressing

a) Seed dip method: Dipping the seed or seed materials in fungicidal solution for 5-20 minutes
and drying them in shade before sowing. This method is particularly useful to check externally
seed borne diseases.
Fungicides / Bactericides used: Captan, carbendazim, Agrimycin-100 and 500
Aureofungin.
Concentration: 0.1 to 0.5 %( 2g/kg seed / 2 1 of water) Diseases controlled by wet seed treatment
Diseases controlled by wet seed treatment

Crop Disease Procedure

Sugarcane Red rot ,Whip smut
Pine apple rot

Dipping of setts in carbendazim (5 g/10 litres)
solution for 15 minutes

Turmeric Rhizome rot Dipping of rhizomes in 0.3 % mancozeb solution for
30 minutes (3 g/lt.)

Ginger Rhizome rot Dipping of rhizome in 0.2 % mancozeb solution for 2
hr (2 g/lt.)

Betelvine Stem rot, Leaf spot Dipping of vines in 0.5 % Bordeaux mixture + 500
ppm streptocycline solution for 30 mts.

Chilli Virus infection Dipping of seeds in Trisodium orthophosphate
solution (90 g/lt.) for 15 mts.

Sesamum Bacterial leaf spot Dipping of seeds in 200 ppm streptomycin sulphate
or 250 ppm, agrimycin solution for 1 hour.

Beans Bacterial leaf spot Dipping of seeds in 500 ppm streptomycin solution
for 1 hour.

Cotton Black arm Dipping of seeds in 1000 ppm streptomycin sulphate

Rice Bacterial leaf
blight

Dipping of seeds in 250 ppm agrimycin solution for
12
Hours

Cabbage and
Cauliflower

Black rot Dipping of seeds in  100 ppm agrimycin or
streptomycin solution for 30 minutes

b) Slurry treatment: The seed is mixed with a dust fungicide in a special treater (Slurry treater) in
which small calibrated amounts of concentrated liquid (about 5-20 ml/kg seed) are added, thus
forming a soap-like slurry to ensure coating without undue wetting. This treatment is common in
almost all seed processing plants owned by Government as well as private producers.

Fungicides used: Thiram, Captan.
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c) Sprinkle treatment: The seed is sprinkled with a fungicidal liquid, solution or suspension, left
damp with this for a definite period of tune and then dried. This method is widely used in countries
like USA, Europe and UK.

Dry seed dressing: This method is simple and economical. The method consists of adding the
required fungicide (usually 0.3 % to the seeds and shaking them in a closed vessel or a 'rotary
drum' for 5-15'minutes to facilitate even spreading of fungicides over the surface of all seeds.

Commonly used seed dressers
Sulphur group Sulphur dust (5 g / kg seed)
Organic fungicides Mancozeb, Thiride 75 SD, Captan 75 SD
Systemic fungicides Vitavax, Plantvax, Benomyl, Carbendazim , Ridomil (Metalaxyl),
Tricyclazole.
Diseases controlled by dry seed treatment
Crop Fungicides Diseases
Rice Tricyclazole ,Thiram

,Captan , Carbendazim
Brown spot and blast

Sorghum    and Pearl
millet

Thiram ,Captan Grain moulds and smuts

Maize Thiram Grain moulds, wilt, stalk rots, smut

Groundnut Captan Afla root, stem rot

Castor Captan Seedling blight and wilt

Sunflower Thiram, Mancozeb,
Metalaxyl

Altemaria blight, Sclerotium wilt ,Downy
mildew

Tobacco Thiram, Metalaxyl Damping-off in nurseries
Chilli Captan,Thiram Damping-off, Die-back and fruit rot
Safflower Thiram Wilt and rust

Diseases controlled by seed treatment with bio-control agents
Crop Diseases Dosage
Cotton Wilt, root rot Treat the seed with commercial formulation of

Trichoderma viride(or) T. harzianum(or)
Gliocladium virens @ 4 g/kg seed

Groundnut stem rot, crown rot
Redgram
greengram,
blackgram, and
bengalgram

wilt,
Phytophthora blight
Macrophomina root rot

chilli damping off,wilt
Tobacco
Cabbage and
cauliflower

damping off
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b. FOLIAR APPLICATION

There are two methods of application of fungicides to foliage viz., spraying and
dusting. .

(A). Spraying .
 Most commonly used method.
 Wettable powders / EC formulations are used
 Most common diluents is water

Dispersion of spray is achieved by its passage under pressure through nozzles of sprayers.

Spraying is of three types:

1. High volume 2. Low volume 3. Ultra low volume

1. High volume spraying

•       Spray fluid required > 400 1 /ha

• Thorough spraying which causes run off

•       Droplet size 0.5-3 mm

•       Loss of fungicidal due to run off may be 50 % or 90 %.

• Accumulation of deposit at the tips and edges of leaves and fruits

2. Low volume spraying

•       Spray fluid required 5-400 I/ha

•       Spray is distributed on the surface as discrete droplets

•       Drop let size 80- 1 00 urn

•       No run-off of the chemical

•       Labour saving method

•       Dose of fungicide is reduced by 20-25 %.

3. Ultra low volume spraying

•       Spray fluid required less than 5 l/ha

•       Very fine spray similar to low volume spraying.

•       Droplet size 30-50 urn

• Lowering cost of labour

•       Drift hazard (very fine spray, a wind velocity of > 5 m/sec increase drift hazard).
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Spraying equipments: Hand sprayer, plunger sprayer, hand compression sprayer (Pneumatic
knapsack sprayer), Knapsack sprayer. Foot sprayer (Pedal pump); Rocking sprayer (Gator
sprayer), Power operated sprayers.

(B) Dusting
 Covers entire .foliage.
 Its use is limited due to its weak tenacity.
 Carried out by emitting a blast of air in which dust particles are borne.
 Dust formulations are used.
 Require no water.
 Material is ready to use.
Dusting equipments: Hand duster, bellows duster, rotary hand (crank) duster, power operated
duster, tractor powered feed duster.
Precautions to be observed while dusting / spraying/Dusting
1. Select suitable hand or power duster and ensure proper working of dusting machine.
2. Fill duster to 2/3rd of its capacity.
3. While dusting keep outlet as low on the crop as possible (4 to 6" above) the crop.
4. Dusting should be done in the direction of wind or at right angles to it but never in opposite

direction.
5. Always dust in the morning or in the evening when wind is calm and dew on the leaves.

Spraying
1. Prepare spray solution by taking recommended amount of fungicide and add a little water first

and make a paste, then add required quantity of water, to make a spray solution by stirring
thoroughly.

2. Do not use hand for stirring or mixing chemical but use a wooden stick.
3. Select sprayer and check for proper working.
4. Pour spray fluid in the sprayer tank using funnel to strain the solution.
5. Do not still the spray solution while filling the sprayer tank.
6. Build up the pressure in the spray tank.
7. Spray in the direction of wind or at right angles to it.
8. Keep nozzle about 6" above the crop to be sprayed.
9. Cover leaf surface and other pan of the plant evenly and also in the under surface of leaf.
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Exercise No.12

BIOASSAY OF FUNGICIDES - POISONED FOOD TECHNIQUE

The principle involved in this technique is to 'poison' the nutrient medium with a
fungi toxicant and then allow a test fungus to grow on such a medium. In this technique
a solid or liquid medium can be used.

With solid medium

Procedure

1. Prepare potato dextrose agar (PDA) medium in flasks and sterilise.
2. Add requisite quantity of the fungicide to the medium (at Luke warm stage) so as to get a

desired concentration.
3. Mix the fungicide thoroughly by stirring
4. Pour the medium into sterilised Petri plate and store them in refrigerator till required
5. Grow the culture of the test fungus on PDA medium.
6. Cut small discs (5 mm), of the test fungus culture (7 day old) with a sterile cork borer.
7. Transfer aseptically the culture discs in the centre of a Petri plate containing the medium

with a certain amount of fungicide.
8. Maintain suitable checks where the culture discs are growth under the same conditions on

PDA without fungicide.
9. Incubate the inoculated Petri plates at 28 ± 20C temperature in incubator
10. Measure the fungus colony diameter when the colony growth in control plates is full.
11. The colony diameter, compared with check, is taken as a measure of fungi toxicity.
12. Per cent inhibition over control (check) is calculated by the following formula.

I=100(C-T)/C

Where, I = Inhibition percentage,

C = Growth in control (check),
T = Growth in treatment

Note: The growth of fungal colony in treated plates is determined by excluding 5 mm
fungal inoculation discs from measured diameter of the colony.

The data obtained on the effect of different concentrations of the test chemical on growth of
test fungus are plotted on a graph paper to obtain dosage response curves.

With liquid medium

Procedure

1. Prepare liquid medium such as Blakeslee's medium or Richard's medium in flasks

and sterilise.

2. Add requisite quantity of the fungicide to the medium so .as to get a desired

concentration.
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3. Mix the fungicide thoroughly by stirring

4. Transfer aseptically the 5 mm culture discs (7 day old culture) of test fungus into

conical flasks containing poisoned medium.

5. Maintain control-flasks where the culture discs are grown under the same conditions

on medium without fungicide.

6. Incubate the inoculated flasks at 28 ± 2°C temperature in an incubator.

7. Take observations when growth of the test fungus is full in control flasks (visual rating

on 1-10 scale)

8. Filter the contents (mycelium) through pre- weighed whatman filter paper.

9. Dry filter papers in an oven at 105°C for 48 hours to a constant weight.

10. Weigh the dried filter papers along with the mycelium.

11. Calculate the weight of mycelium by subtracting weight of filter paper from the weight

of filter paper + weight of mycelium and find mean of each sample.

12. Prepare a graph illustrating the growth increments in dry mycelia weight of the test

chemical.

13. The dry weight of the fungus, compared to check, is taken as a measure of fungi

toxicity.
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Exercise No.13

BIOASSAY OF FUNGICIDES - INHIBITION ZONE TECHNIQUE AND SLIDE GERMINATION
TECHNIQUE

a) Inhibition zone technique:

This technique was introduced by Thornberry (1950) and called as paper disc
plate method.

Procedure

 Prepare PDA and sterilize it.
 Pour 15 ml of sterilised hot (80 to 90°C) agar medium into the bottom of 90

mm flat-bottomed Petri plates.
 After solidification, add 5 ml of lukewarm seeded agar containing (0.5-1 x 106

spores/ml and spread uniformly the seeded agar.
 Transfer the Petri plates to refrigerator and stack upside down to prevent
 Condensation of moisture.
 Prepare required concentration of the fungicide using sterile distilled water.
 Dip the sterile filter paper discs of 5mm diameter in the test chemical and transfer

aseptically to seeded-agar plates after drying.
 Place three discs per plate (Maintain at least three such plates for each chemical)
 Incubate the inoculated Petri plates at 28 ±2°C for four days.
 Observe for clear zones of inhibition around each disc and measure from the centre

of the filter paper disc.

Note: From these observations, the minimum inhibition concentration (MIC) is recorded. The MIC
is the dosage at which no growth occurs on the impregnated seeded disc over a period of 7-10
days. It serves as a basis for comparing the efficacy of different test chemicals.

b) SLIDE GERMINATION TECHNIQUE
Aim: To test the effect of fungicides on spore germination
Slide germination technique was introduced by Reddick and Wallace (1910) to determine
fungicidal value of spray mixture or solution.
Materials Required: Clean glass slides (3 x 1" size), spore suspension of test fungus, Petri plates
with three layers of blotting papers, Haemocytometer, microscope, pipettes, test chemicals
(fungicides), sterile distilled water, beakers etc.

Procedure

 Prepare spore suspension of test fungus grown on PDA (7 day old) by using sterile
distilled water and adjust the final concentration to 50000 spores/ml using
Haemocytometer.

 Prepare required concentrations of test fungicide using sterile distilled water.
 Place one drop of test fungicide at the centre of clean and sterilized glass slide and

allow it to dry at 20-25oC(Room temperature).
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 Place one drop of spore suspension on the same spot where fungicidal suspension
was placed with the help of pipettes.

 Incubate the fungus by placing the slides Petri plates containing moist blotters
for 24 hours at 20-25oC.

 Observe the germination of spores at six and 24 hours after setting of the
experiment in low power/high power of the microscopes.

 Note the number of spores germinated in each concentration replication wise and
calculate the percentage of spores inhibited from germination by using the following
formula.

I= 100(C-T)/C

I = Inhibition percentage

C = No. of spores germinated in control

T = No. of spores germinated in treatment

Note

i) The spore is said to be germinated if the length of the germ tube exceeds half the smaller
diameter of the spore.
ii)     Count at least one hundred spores for each concentration of test chemical.

Data obtained on the effect of different concentrations of the test chemicals and the germination of
spores of test fungus is plotted on a graph paper to obtain 'Dose Response Curves'.

Where,
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Exercise No. 14

BIOCONTROL OF PLANT PATHOGENS - DUALCULTURE TECHNIQUE

Biological control is the total and partial destruction of pathogen populations by other organisms.
Baker and Cook (1974) defined biological control "as the reduction of inoculums density or
disease producing activities of a pathogen or parasite in its active or dormant state, by one or more
organisms, accomplished naturally or through manipulation of the environmental, host or
antagonist, or by mass introduction of one or more antagonists".

Fungal antagonists
* Trichoderma viride
* T harzianum
*Gliocladium virens (Trichoderma virens)

Commonly studied antagonists
Bacterial antagonists
* Bacillus subtulis
*Agrobacterium radiobacter
*Pseudomonas fluorescens
*P. putida
* P. cepacia
*P. aurieofaciens

Actinomycetes antagonists
* Streptomyces griseous
* S. lavendulae
*S .praecox

Dual culture technique

This method is used to study the efficacy of bio control agent, against plant pathogens under
laboratory conditions.

 Prepare PDA and sterilise the medium in an autoclave at 121.6°C for 15 minutes
 Pour the medium (20 ml) into sterilised Petri-plate (90 mm diameter) when the medium

is in lukewarm state and allow it to solidify at room temperature.
 Cut the culture discs (7 day old) of the bio agents and pathogen separately with the

help of sterilized cork bores (5 mm).
 Transfer the culture discs of pathogen and bio agent aseptically and place them at

periphery of the Petri plate containing the medium (Care should be taken to place the
both discs of pathogen and bio agent at equidistance i.e. 2 to 3 cm apart from the
periphery of the Petri plate in opposite direction).

 Inoculate with culture disc of the pathogen alone in the Petri plates containing
PDA, which serves as control.

 Transfer the inoculated Petri-plates to an incubator and incubate at 25 ± 1°C.
 Observe periodically for growth of the pathogen and antagonist in Petri plates and

measure the colony growth (diameter) in each Petri plate.
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 Calculate the per cent inhibition of the pathogen by the bio agent when the growth of
the pathogen is full in the control plates.

 Per cent inhibition of growth of the pathogen can be calculated by using the
following formula.

Radial growth in Radial growth in the
Control (C) - treatment (T)

Per cent inhibition = ————————————————————————
Radial growth in control (C)

Inference
The antagonistic nature of the given bio control agent is determined by the following criteria.

1. Competition (Antagonist overgrowing on pathogen)
2. Antibiotics (A clear zone of inhibition is formed between pathogen and bio control

agent

Commercial formulations of biocontrol agents and diseases controlled

S.NO. Biocontrol agent Trade name Pathogens controlled

i. Trichoderma viride Ecofit*
Basderma*
Bioderma*

Soil borne pathogens such as
Pythium, Macrophomina,
Phytophthora, Sclerotium

2. T. harzianum F-Stop Soil borne pathogens such as
Pythium, Macrophomina,
Phytophthora, Sclerotium

3. Gliocladium virens Gliocard Seedling   diseases   of
ornamental plants

4. T. polysporum Binab-T Wood decay fungi

5. Bacillus subtilis Kodiak Post harvest diseases of fruits
and brown rot of fruits

6. Pseudomonas
fluorescence

Dagger G Rhizoctonia and Pythium

7. Agrobacterium
radiobacter (K-84)

Gallex,
Galltrol

Agrobacterium tumifaceans

* Talc based formulations available in India
Note:  List of commercial products of various biocontrol agents is furnished in Appendix III
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Exercise No. 15
SEED TREATMENT

Seed treatment with bio control agent and / or fungicides will not only control seed borne diseases
but also soil borne diseases. This is the cheap and most economical method of plant disease
control. Seed treatment can be done both in dry and wet states. The details pertaining to the
fungicidal seed treatment are furnished in exercise no. 9 of this manual.

The seed treatment with bio-control agents can be done in two ways i.e. wet and dry treatments.
Wet treatment

1. Grow Trichoderma viride or T harzianum bio control fungi in Petri plates on
PDA medium for 15 days for abundant conidial production.

2. Harvest the conidia from well sporulated agar culture plates with the help of
a cotton swab into a clean beaker.

3. Prepare 1 ml of spore suspension of 106 to 108 load with the help of a
Haemocytometer in a test tube.

4. Weigh 4 grams of seed and add to it 1 ml of spore suspension having
stickers like Carboxy methyl cellulose 1 per cent to smooth surfaced seeds
for 30 minutes. Seeds with rough surface do not require a sticker and treat
the seeds before sowing.

Dry treatment
 Weigh 4 grams of Trichoderma talc formulation.
 Weigh 1 kilogram of seed to be treated.
 Add 4 grams of Trichoderma formulation to 1 kg seed and thoroughly mix

them and use before sowing.
This treatment can be combined with fungicidal seed treatment provided the biocontrol agent and
fungicide are compatible. The fungicide such as metalaxyl, carbendazim and mancozeb are
compatible with bio control agents like T viride, T harzianum etc.
Note: Before combining fungicides with bio-control agents it is mandatory to know the sensitivity of
bio-control agents with test fungicides.
Advantages: Combined treatment of seeds have a synergistic effect in controlling seed
and soil borne diseases of crops.
Seed treatment with bio-control agents also promotes the seedling vigour, population stand under
field conditions.
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Exercise No. 16

VISIT TO QUARANTINE STATION
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