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Preface 

 
We have given utmost importance to theoretical information related to “Bioresources” 
in the “Resource Manual” given to you simultaneously. However, it is also important to 

learn various methods like a) biodiversity analysis, b) sustainable exploitation of 
biodiversity and c) various methods that help us carry out the same. 

We felt there is an obvious need for a book that address the needs and which would 

provide various procedures that are in frequent use in applied biology and could be 
rehearsed simply. Hence, it was decided to bring out a “Technical manual” that gives 

different protocols. This “Technical Manual” covers over fourteen procedures that will 
be useful for you and your neighbours, teachers of your schools and your juniors who 

prefer to work in areas like, identification of plant parts, analysis of plant diversity, 

organic composting, vermicomposting, mushroom cultivation, plankton analysis, soil 
analysis, Kitchen garden, Ecofriendly paper making, Charcoal Briquetting, extraction of 

natural dyes, plant propagation, isolation of bacteria and fungi and other related fields. 
Information presented in this manual is arranged in such a way that helps you to do the 

exercise without much difficulty. 

The National Bioresources Development Board, Department of Biotechnology, 
Government of India has supported this cause by sponsoring the “Vacation Training 

Programme for School Children on Bioresources” which was held at the field 
training campus of MCRC, Shri M.V. Arunachalam Technology Resource Centre, 

Vadakadambai, Mahabalipuram between 12.5.2005 to 10.6.2006. 

We are very happy to present this “Technical Manual” to you. Most of the techniques 
are practiced worldwide and these are not new to the world. But this manual gives you 

all in a single book collected from various sources. We owe heavily to all the 
contributors of many topics and also to many excellent treatise and open source 

information available in the World Wide Web. Some of the techniques that are 

presented in open sources are used directly in the compilation of some techniques to 
give clarity and to the benefit of readers. We appreciate the research staff and research 

scholars of MCRC for contributing articles to bring out this volume successfully. We 
take this opportunity to thank the National Bioresources Development Board, 

Department of Biotechnology, Government of India for the encouragement and support 

by way of awarding the programme. We record my heartfelt thanks to Shri M.V. 
Murugappan, Chairman, MCRC and Shri. N. Mahatvaraj, Member Secretary, MCRC 

for their support, permission and facilities to conduct the programme. Special thanks are 
due to Mr. C. Muthunayagam, Administrative Manager, and all Staff members, 

Research scholars, Technical staff of MCRC for their unstinted support throughout the 

programme and to Mr. P. Sugumaran for typesetting the course materials. We hope this 
manual would be of use to all of you and your schools and will serve as a handbook / 

reference manual. 

 

 
Dr. S. Seshadri 
Dr. V. Venkateswara Sarma 
Dr. K. Perumal 
Mr. V. Chakrapani 
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Isolation of Bacteria, Fungi and Other Microbes 

V. Venkateswara Sarma 

 

Many bacteria, actinomycetes, cyanobacteria, algae and fungi can be cultured on artificial laboratory 

media. In this manual the basic requirements and techniques of microbiology are included.  

A microbiology laboratory is a place for working with a variety of microorganisms. There may be 

several culture media prepared and organic materials present, which allows presence of a diverse 

microbial community. The microbes may be beneficial or harmful and hence stringent protocols should 

be followed for maintaining good laboratory practice. The persons working in a microbiology 

laboratory should always wear a white coat or gown and wash it regularly. The laboratory should 

always be kept clean. The culture tubes/plates should not be opened directly and inhaled and observed 

with naked eyes but only near the vicinity of flame of the burner. Proper labeling of the cultures with 

names, code and date of work for recording data should be maintained.  

 

Basic Requirements Of A Microbiology Laboratory   

Common Glassware 

Many simple but important glassware are required for a good microbiology laboratory including test 

tube, culture tube and screw-capped tubes, Petridishes, Erlenmeyer flasks, measuring cylinder, pipettes, 

glass spreader, volumetric flasks, haemocytometer, etc. This glassware is either made up of glass or 

they are also available in plastic.  

Test tubes, culture tubes and screw-capped tubes are made up of glass, and they have one end open and 

the other end closed. When the side wall of the open end is slightly curved out side, then it is known as 

test tube; if not then it is a culture tube; and if the side wall of the open end of the tube has screws (a 

provision to fit a plastic cap on top of it) then it is known as a screw-capped tube. While the test tubes 

are used for testing the chemicals such as pH, etc. the culture tubes are used for preparation of agar 

slants and purification of microorganisms. In these two cases the open end is plugged with a cotton 

plug whereas in the case of screw-capped tubes there is no such necessity. 

Since R.J. Petri, a student of Robert Koch designed the dish glass dish the same is named after him as 

‘Petri dish’. A ‘Petri dish” consists of two shallow glass dishes, the upper lid (which covers the) and a 

lower lid. The Petri dishes are most widely used in microbiological laboratories for routine isolation 

and maintenance of microbes and for their growth studies. The molten agar is poured on to the lower 

lid and is covered with upper lid. The petri dishes are sterilized in an autoclave before media are 

poured.  

 

A pipette is a cylindrical and graduated glass apparatus with one end (lower side) is tapered while the 

other end (mouth piece) is normal. The pipettes are scaled and are available for different measuring 

capacities such as 0.1, 0.5, 1, 2, 5, 10 ml. Pipettes are used to transfer measurable quantities of liquid to 

other containers. Before use they should be sterilized by plugging with cotton on the normal end. 

Before transferring them onto the autoclave they should be packed into a steal container. A Pasteur 

pipette is one which will have its one end very narrow and with the help of a rubber bulb the liquids 

can be drawn.  

Since Erlenmeyer has designed a flask it is popularly known as Erlenmeyer flask. It has a narrow beak 

at top with a opening and a broad bottom. Erlenmeyer flasks of different sizes such as 100, 250, 500, 

1000, 2000, 5000 ml are available in the market. Modifications to the basic shape are made to suit 

different requirements. For culture studies a cotton plug is inserted at the mouth of the flask and 

sterilized before use. Volumetric flasks with cylindrical narrow upper part and a half rounded flat 

lower base, are used to prepare solutions of accurate volumes. Glass spreader, a blended glass rod of 

L-shape, is used to spread evenly the microorganisms on agar surface. It has a long arm to hold with 

hand and a small arm which is flame sterilized to spread a liquid sample on to an agar plate.  

 

Haemocytometer is a device used to count the number of spores or cells. It consists of big squares of 1 

x 1 x 0.1 mm = 0.1 mm3 . The depth of chamber is 0.1 mm. One cubic millimeter or 0.0001 cm or 1 ml 

is equivalent to 10-4 ml. Counts made from the large square are multiplied by 10-4 to get the estimate of 

bacterial cell number/ml. There are 25 medium-sized squares in each large square where each medium 

square is 0.2 mm width and 0.1 mm depth with a volume of 0.04 mm3 and area of 0.04 mm which is 

equivalent to 1/25 of a large square or 1/25 of 0.1 mm3. Each medium sized square is further divided 

into 16 small squares of 0.0025 mm2 area with a volume of 0.00025 mm3. The procedure is 0.1 ml of 

sample of bacterial cell suspension is taken and applied on the grid of haemocytometer and is covered 

with a cover slip. Focusing under oil immersion the number of cells in the medium size square (0.2 

mm2) is counted from upper row and continued to bottom row. The total number of bacterial cells per 

ml of the sample can be calculated as the number of bacterial cells in all the squares counted x 104. 
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All the glassware mentioned above must cleaned and washed before use. Washing can be achieved by 

repeated rinsing with tap water after brushing with a soap solution and then with distilled water. Some 

times chemicals such as chromic acid (a mixture of sodium dichromate and concentrated sulfuric acid) 

are used to clean glassware.  

 

Equipment used in Microbiology Laboratory 

Different major and minor equipment are used routinely in microbiology laboratories. Inoculation 

needle, Inoculation/transfer loop are commonly used to transfer cultures. An inoculation needle/loop 

is made up of a long platinum wire fixed into a metallic rod. A wire loop has a handle with steel screw 

shaft in which nichrome or platinum wire is to be fitted. Both can be used interchangeably for solid and 

liquid cultures and they should always be flame sterilized before use. Bunsen burner (spirit lamp) 

named after R.W. Burner is used for heating different devices. Sterilization of tools by using a spirit 

lamp is called incineration. The mouths of test tubes, flasks and petridishes are also showed to flames 

of spirit lamp before inoculations.  

 

An Autoclave is an instrument used to sterilize the microbiological utensils with or without nutrient 

media. At higher temperatures most of the microbes die. However some microbes and their spore forms 

can withstand even 100oC and hence the temperature has to be raised to above 100 oC. According to 

thermodynamic laws as the pressure increases (in a container) the temperature also increases. In an 

autoclave (a pressure cooker) the water boils at 100 oC and generates steam which is accumulated 

within the autoclave and hence the temperature raised above 100 oC and reaches 121 oC when the 

pressure reaches 15 lb/inch2. The autoclave or pressure cooker is designed in such a way that when 

pressure increases beyond 15 lb/inch2 the steam is liberated at regular intervals so that the pressure is 

maintained at 15 lb/inch2. Glasses petridishes and other glass materials can be sterilized with the help 

of a Hot air oven. The principle here is the usage of dry heat to kill the microbes. The hot air oven can 

be set to at 160oC and at this temperature if the glassware are kept for 1 hour all the microbes will die.  

 

Laminar air flow chamber is an apparatus which consists of an air blower in the back side of the 

chamber that can produce air flow with uniform velocity along parallel flow lines. The air passes 

through a special filter system, which can remove particles as small as 0.3 mm. When the sterile air is 

passed at constant velocity the front portion of the chamber microbes cannot enter the chamber. In 

addition to the sterile air a UV-lamp is fitted in the front portion, which also kills microbes if switched 

on for 20 minutes. However the floor of the chamber has to be wiped with alcohol before start of the 

work and the work should be carried out near the spirit lamp as far as possible to avoid any chances of 

contamination.  

 

The pH meter detects the hydrogen ion concentration of the solution. The degree of acidity (below 7) 

and alkalinity (above 7) of a solution on a scale of 14 can be measured with the help of a pH meter. pH 

of water is 7 (neutral pH). Here the acid is a proton donor and base is the proton acceptor. In other 

words the acid dissociates and produces hydrogen ion concentration. Maintenance of pH values is an 

important parameter for many microbes as well as microorganisms. A pH meter has two electrodes: 

one glass electrode made of a thin glass membrane, which is selectively permeable to H+ and the 

second mercury-mercurous chloride reference electrode.  

 

Balance is an instrument used routinely for weighing accurate measurement of chemicals to prepare 

media or other analyses. There are different balances used for weighing such as single pan, analytical 

and electrical balances. For materials above 100 g a monopan balance is used and an analytical balance 

is used to weigh materials ranging from 100 mg to 100g. The electrical balance is used to measure 

materials ranging between 10 mg and above.  

Without a Microscope most of the microbiological work cannot be carried out. A basic microscope 

consists of eye piece (10 X) that is fitted on the upper portion of the microscope tub, objectives (10X, 

40X, 100X) connected to the lower portion of the tube, an arm to hold the tube that also has knobs for 

coarse and fine adjustments, a stage connected to the base which has clips to hold the micro slides and 

on the lower side of the stage a Diaphragm is connected having condenser. Below to the diaphragm a 

Mirror is placed which provides the light. Illumination can be adjusted with the help of the condenser. 

A camera can be attached near the eyepiece to take photomicrographs.  



 6 

 

 

 An Ocular micrometer is 

a circular disc graduated into 

several small divisions marked 0-

100 and is placed inside the 

eyepiece of the microscope. It is 

used to measure the dimensions of 

a microorganisms or a cell. The 

distance varies according to the 

objective of the microscope and is 

determined by using a stage 

micrometer. A Stage micrometer 

is a glass slide graduated in 1mm 

(1000 micrometers). The 1mm 

length of the field is graduated into 

10 large divisions each having 10 

small divisions. Each small division 

is further divided into 10 micro 

divisions of equal size. Each micro-

division of stage micrometer is 

equal to 10 micrometers (µm).  

 

Calibration and Standardization of 

microscope by using ocular 

micrometer and stage micrometer 

can be achieved as follows. The ocular micrometer is inserted inside the eye piece whereas the stage 

micrometer is placed on the stage of the microscope. The mirror, condenser, ocular and different 

objectives (10X, 45X or 100X) have to be adjusted and observed under the microscope after proper 

focusing with fine adjustment. Two different scales will appear one representing the ocular micrometer 

and the other that of stage micrometer. The scales have to adjusted in such a way that the scales appear 

parallel to each other. After observing for coinciding of lines from left side and nearest right side the 

readings have to be taken. Now the numbers of ocular divisions coinciding between the two lines of 

both ocular micrometer and stage micrometer have to be counted  

Other minor requirements of a microbiology laboratory are cotton rolls, Scissors, 

forceps, blade, cello tape, aluminum foil, Para film, enamel trays or plastic trays or several other types 

of containers, glass marker pen or pencil, rubber, brush, measuring scale, etc. 

 

Methods of sterilization 

Sterilization is a process by which undesirable microorganisms are killed or removed and only the 

desirable organism can be grown finally in the artificial laboratory media. In other words sterilization is 

a process of making an article, surface or medium free from any types of microorganisms. There are 

different methods of sterilization: disinfection, incineration, physical and chemicals methods of 

sterilization. 

Disinfection is a process of killing the microorganisms on the objects e.g. table tops, equipment and 

other surfaces usually by chemicals such as formaldehyde, etc. Disinfection is not a process for culture 

media. 

Incineration is a process of killing the microorganisms by using flames usually using a spirit lamp. 

Inoculation needles/loops, points of forceps, mouth of culture tubes, glass slides, flasks can be brought 

near the vicinity of the flame of a burner for a few seconds to kill the microorganisms attached to these. 

 

Physical methods of sterilization are using the principles of heat, radiation and filtration. Moist heat 

is a method wherein the steam under pressure increases the temperature in an autoclave or a pressure 

cooker and kills most of the microbes. Dry heat is produced in an hot air oven and the temperature can 

be maintained at 160oC for one hour at which most of the microbes are killed and thus the glassware is 

sterilized. Radiation of ultraviolet range is used to sterilize the inoculation chamber of a laminar air 

flow chamber by exposing to UV light for half an hour. The UV radiation damages the cells by 

hydration and thymine dimmer formation and hence care should be taken not to see through naked eyes 

but only through glass doors. Sterilization through membrane filtration is used for certain 

substances like enzymes, antibiotics, amino acids, vitamins, etc, which are heat sensitive. Since their 

sterilization is not possible by autoclaving or other methods, various types of filters that retain bacteria 

are used. The Millipore membrane filters contain small sized pores of 0.22 µm size and are made of 
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cellulose acetate. Chemical methods of sterilization are mostly used to wipe glassware, working 

tables, hands, etc. for routine microbiological work. Alcohols in the form of either Ethanol (70%) or 

isopropanol (70%) are widely used to sterilize the working table and inoculation chambers, etc. 

Aldehydes of which formaldehyde is used to fumigate the laboratory when the lab contaminants 

increase. For surface sterilization Inorganic chemicals such as Mercury chloride (HgCl2) (0.1%) is 

most commonly used to disinfect the seeds, leaves, explants or any other materials.  

 

Preparation of culture media 

The growth of an organism on an artificial culture medium is called culture. The nutrient medium that 

supports the growth of an organism as a food source is called as culture medium. Generally nutrient 

media are prepared by weighing different ingredients with the help of a balance. Nowadays readymade 

media are available supplied by different chemical suppliers. Culture media can be both solid and 

liquid based. For a liquid medium if agar agar is added at a known concentration (1.2-2.5%) then it 

becomes a solid medium. Agar is a jellifying substance extracted from Gracilaria or Gelidium (red 

algae). There are three different basic types of culture media namely natural, semi-synthetic and 

synthetic media. A natural medium contains mostly natural products such as extract from potatoes or 

carrot, diluted blood, urine, milk, vegetable juices, peptone, animal cells/tissues/organs, etc. The 

chemical composition in natural media is unknown. A Semi-synthetic medium is one which contains 

partly natural sources and partly chemicals are added. For example, potato dextrose agar medium has 

potato extract the chemical composition of which is unknown but it also has dextrose of known 

quantity. Similarly nutrient agar, beef extract agar media are other examples of semi-synthetic media.  

The synthetic medium is one which has chemical substances of known concentrations. The synthetic 

media can be a (i) general purpose medium (for routine microbiological work), (ii) differential 

medium (to isolate microbes of different groups e.g. MacConkey and Eosin methylene blue agar),  (iii) 

selective medium (containing compounds that might inhibit certain microorganisms and selectively 

promote the growth of the desired microorganisms), (iv) one purpose medium (highly selective 

medium to isolate specific microorganism e.g. brilliant green agar to isolate Salmonella from faeces) or 

(e) assay medium (to assay antibiotics, amino acid, vitamins, etc.). Most of the bacteria grow well in 

liquid media when compared to fungi which prefer solid agar media.  

 

Agar slants and solid agar plate preparation 

Agar slants are test tubes containing an appropriate medium added with agar for solidification and 

tilted in the molten state before solidification so that agar medium settles in a slanting position. This is 

to accommodate a solid medium in a test tube and also to provide more surface area for the growth of 

colonies of different microorganisms. Solid agar plates are prepared by first adding different 

ingredients of the specific media into a flask and also agar, adjusting pH, autoclaving and pouring on to 

the petri dishes in the molten state. After a while (half an hour to one hour) the medium settles down 

and a solid agar is formed on the lower lid of the petri dish.  

 

Techniques for isolation and pure culturing of microorganisms 

Microorganisms in nature exist as communities and when they are isolated a mixed population will 

appear. However for studying various cultural, morphological and physiological characters a pure 

culture has to be isolated. There are different methods of isolating a pure culture of which 4 important 

techniques are detailed below.  

Serial dilution Agar plate method (Viable plate Count method) 

Streak plate method from mixed culture to pure culture 

Pour plate method for pure culture 

Spread plat method 

 

1. Serial dilution agar plate method 

In general all types of soil are rich in microorganisms and their numbers will be high. Hence the soil 

has to be diluted several orders of magnitude to isolate and enumerate different microorganisms. In this 

procedure 10g of soil is initially mixed in 90 of sterile distilled water. This gives a dilution of 1:10 (10-

1). Shake the flask gently for 10 minutes with hand or by using magnetic stirrer or electric shaker to get 

homogenous suspensions. Transfer 1ml of the suspension to a test tube containing 9 ml of sterile 

distilled water. The second dilution will have a concentration of 10-2. From the second dilution transfer 

1 ml to another test tube containing 9 ml of sterile distilled water. The dilution becomes 10-3. Like this 

prepare dilutions serially … 10-4, 10-5, 10-6 , up to 10-7.  Each time mix the suspension gently with the 

help of a vortex or a stirrer. For different groups of microorganisms different dilution factors can be 

used to isolate the specific groups of microorganisms. For example, use  10-2 & 10-3 dilutions for 

isolating fungi. In the case of actinomycetes use 10-4 & 10-5 dilutions and for bacteria use 10-6 & 10-7 
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dilutions. Then transfer a known amount of the specific suspension onto an appropriate nutrient agar 

medium targeting differently for fungi, bacteria and actinomycetes.  

 

 

 

 

 

 

 

 

 

Incubation period should be 24-48 hours for bacteria, 4-7 days for fungi and 7-14 days for 

actinomycetes. For isolation of fungi Rose Bengal Agar medium or Potato Dextrose agar medium 

supplemented with antibiotics (penicillin and streptomycin) can be used and for bacteria nutrient agar 

medium is widely used. In the case of actinomycetes Starch Casein Agar medium is used. On the 

nutrient agar plates small, shiny bacterial grow whereas on the fungal medium colonies of different size 

and color develop. When small radiating colonies of powdery appearance occur on starch casein 

medium actinomycetes can be isolated. 

2. Streak plate method from mixed culture to pure culture 

In the streak method the solid agar medium is prepared first and poured into petridishes. Then the 

sample which contains mixed sample has to be picked up with a sterile inoculation loop and streaked 

on the agar surface. One of the most common methods is shown below.  

   
Quadrant method of streaking    Continuous streak method 

 

After streaking incubate the petridishes at room temperature on an upside down position and observe 

the desired microbes on the last streak.  

3. Pour plate method for pure culture 

In the case of pour plate method 1ml of the sample containing mixed populations of bacteria is 

transferred serially to test tubes or flasks containing liquid broth except the last tube which contains 

agar (or all tubes containing agar in a molten state) to be poured on the petri dishes. Transfers can be 

made up to 3 and at each transfer shake the tubes vigorously.  

 

4. Spread plate method 

In this method an appropriate solid agar medium is over the petridishes and allowed to settle. After this 

0.1 – 0.5 ml of the sample containing bacteria is pipetted out. Then with the help of a L-form glass rod 

that is sterilized in ethanol and by showing to flames, the sample is spread over the plate.   

Methods for staining of microorganisms 

Different cell constituents of various microorganisms react differently when applied with stains or 

chemicals used as coloring agents. This property is exploited for identification of the microorganisms 

and also to decipher more details of structures of the microorganisms. In bacteriological studies there 

are two main types of staining methods used. They are simple staining and differential staining method. 

The former is a single stain and is used to study shape and arrangement of cells. The latter method has 

usage of two stains and is used for separation of groups and observation of cellular structures. Of 

various stains in the second method Gram stain is most widely used in bacteriology.  
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Bacterial smear preparation and fixation of suspension. 

 A bacterial smear is nothing but a thin film of bacterial culture impacted on a microslide. Here a 

loopful microbial cells are picked up with the help of inoculating loop and transferred to a slide to 

prepare the smear. If the sample is liquid then it is easy but if it is a solid culture then first it has to be 

diluted in sterile distilled water before transferring on the slide. Then the suspension is spread on the 

slide by inoculation loop and showed to flames of spirit lamp for a few seconds for heat fixation. Now 

the slide is ready for staining.  

 

Simple staining 

In this method only one dye is used. After preparing the smear of a bacterial cell suspension and heat 

fixation the slide is flooded with any of the following dyes: carbol fuchsin, crystal violet or methylene 

blue. Allow the stain to react with the cells from 15-60 seconds. Then gently rinse with tap water and 

dry with a blotting paper and observe under oil immersion objective of the microscope.   

 

Gram staining. 

Christian Gram has developed this technique in 1884 and hence the technique has been named after 

him. Through this technique both Gram-positive and Gram-negative bacteria can be identified. The 

procedure is as follows: First a bacterial smear is prepared on a glass slide and heat fixed. Then add a 

drop of crystal violet and allow it to react for 2-3 minutes and then rinse with tap water to remove the 

excess stain. In the second step add Gram’s iodine to the smear and allow 1-2 minutes for the reaction 

before excess stain is washed with tap water. In the third step the slide is put in a beaker containing 

95% ethanol to decolorise the stain and wait up to 30 seconds. In the last step add a drop of saffranine 

and allow the reaction to take place for 1-2 minutes and wash it with tap water. Then the slide is 

mounted with glycerin and observed under the oil immersion objective of the microscope. If the 

bacterial cells absorb Gram’s stain and appear dark in color, they are considered as Gram-positive 

bacteria and if the bacterial cells do not take Gram’s stain but appear pink in color then they are 

considered as Gram-negative bacteria.  

 

The principle of Gram reaction is as follows: Bacteria have peptidoglycan in their cell walls and the 

content of peptidoglycan is more than 60% in Gram-positive bacteria and less than 20% in Gram-

negative bacteria.  When crystal violet and iodine are added to the bacterial smear that has cell 

suspension the they will be absorbed by the bacteria. But when the solvent ethanol is added in the third 

step the stains crystal violet and iodine cannot be extracted from Gram-positive bacteria whereas the 

Gram-negative bacteria immediately loose these two stains. When the counter stain (saffranine) is 

added in the fourth step the Gram-negative bacteria will immediately absorb this stain. In the case of 

Gram-positive bacteria the crystal violet and iodine that they have already absorbed are still present and 

saffranin effect is less. Hence the bacterial cells appear dark in color in Gram-positive bacteria and pink 

in Gram-negative bacteria.   

 

Other differences between Gram-positive and Gram-negative bacteria 

The Gram-positive bacteria are sensitive to penicillin; resistant to alkalies; not dissolved by 1% KOH; 

usually cocci or spore forming rods; contain low content of lipids. The Gram-negative bacteria are 

sensitive to streptomycin instead of penicillin and are sensitive to alkalies; are easily dissolved by 1% 

KOH; usually non-spore forming rods; contain a higher content of lipid than Gram-positive bacteria.   

 

Staining of fungi with Lactophenol + Cotton blue  

This is the most commonly stain for fungi. The cotton blue stains cytoplasm and results in light blue 

background. The procedure as follows: A drop of mounting fluid (lactophenol+cotton blue – chemical 

suppliers sell stain ready use) is dropped in the center of a glass slide and a portion of mycelial mat of a 

young fungal colony is transferred on to the drop of mounting fluid with the help of a flame sterilized 

needle. The fungal mycelium/spores are spread with two needles and a cover slip is placed on the slide. 

The slide can be observed under low and high power objectives of the microscope and the fungal 

propagules can be observed. For preparing semi-permanent slides the slide stained with the above 

mountant has to be drained off with a blotting paper and has to be shown to the flames for a few 

seconds to remove air bubbles. After this the four corners of the cover slip has to be coated with nail 

polish and after a day another coating can be given. The slides should be stored in a slide storage box.    

 

Isolation of microbes from different sources 

Microbes such as cyanobacteria, microalgae, fungi, bacteria and actinomycetes can be isolated and 

grown on artificial media. However different techniques are adopted for each group of microorganism 

depending on various factors such as whether they are autotrohic (photo-autotrophic or chemo-

autotrophic) or heterotrophic nature of nutrition.  
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I. Isolation of Cyanobacteria from soil/water 

Cyanobacteria were earlier known as blue green algae and are photo-autotrophic and prokaryotic. Most 

of the cyanobacteria are nitrogen-fixing prokaryotes and occur throughout the world. In many barren 

areas they are the first colonizers along with lichens. They can be grown on artificial laboratory media 

that contain inorganic substances and the mostly widely used medium is Chu’s medium No.10  

 

Chu’s medium No.10 

 

Ingredients    Quantity (per litre) 

 

Ca(NO3)2     0.04 g 

MgSO4.7H2O     0.025 g 

K2HPO4     0.005 – 0.01 g 

Na2CO3     0.025 g 

FeCl3      0.08 g 

 

Procedure 

Soil or water samples (that have cyanobacterial blooms) have to be collected and serially diluted up to 

107 with sterile distilled water as already described. Prepare the Chu 10 medium, dispense into flasks 

(20 ml medium in 100 ml Erlenmeyer flask) and autoclave. Transfer 1 ml of different dilutions into the 

flasks containing the Chu 10 medium and incubate at room temperature for 2 –3 weeks providing 

alternate light and dark regimen of 12 hours. When the cyanobacterial colonies appear in the broth 

medium the individual colonies have to be picked with the help of a inoculation needle and transferred 

to agar slants and incubated at room temperature. The colonies that appear on the slants have to be 

picked up for slide preparation and observed under microscope for the presence or absence of 

heterocystous or non-heterocystous, branched or unbranched filaments.   

 

II. Isolation of microalgae from soil/water 

Microalgae can also be isolated adopted the above method except for the change of the medium. The 

microalgae are photo-autotrophic, eukaryotic, unicellular to multicellular and belong to several major 

groups of Algae. A general purpose algal medium may be prepared and 1 g of soil may be transferred 

to 250 ml of broth in 500 ml flasks (enrichment culture). Several days after incubation algal colonies 

appear in the broth. Now serial dilution method can be followed by transferring the sample from the 

enriched algal culture broth. From these dilutions 1ml may be transferred to solid agar plate that 

contains other inorganic ingredients. From the solid agar plate the individual colonies can be picked 

and transferred to agar slants for maintenance and storage. The general medium for microalgal 

culturing should have in different concentrations the following ingredients.  

 

Macronutrients 

The following chemicals are commonly used as macronutrients: NaCl, KCl, CaCl2.H2O, MgCl2.H2O, 

Na2SO4, K2SO4, MgSO4.H2O, NaNO3, KNO3, Ca (NO3)2.H2O, NH4NO3, NaH2PO4.H2O, β-Na2 

glycerophosphate.H2O, KH2PO4, K2HPO4, Na2CO3, NaHCO3, Na2SiO3.H2O. 

Trace metals 

H3BO3, MnCl2.H2O, MnSO4.H2O, FeCl3.H2O, FeSO4.H2O, CoCl2.H2O, ZnSO4.H2O, CuSO4.H2O, 

Na2MoO.H2O,  

Vitamins 

Vitamin B12, Biotin, Thiamine HCl, Nicotinic acid,  

The most widely used medium for isolation of microalgae is Bold’s Basal medium. In addition to this 

medium there are several other media many targeting isolation of specific species, genera or higher 

taxa.  

 

Bold’sBasalmedium 

Stocks per 200 ml 

1. NaNO3     - 5.0 g 

2. MgSO4.7H2O    -1.5g 

3. NaCl     -0.5  

4. K2HPO4.3H2O   -1.5g 

5. KH2PO4    -3.5g 

6. CaCl2.2H2O    -  0.5 g  

7. Stock per litre  
Trace elements solution 
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ZnSO4.7H2O   -8.82g 

MnCl2.4H2O   -1.44g 

MoO3    -0.71g 

CuSO4.5H2O   - 1.57 g 

Co(NO3)2.6H2O  -0.49g  

      May need autoclaving to dissolve. 

Stocksper100ml 

8.H3BO3-1.14g 
9. EDTA-KOH solution 

EDTANa2 - 5.0 g 

KOH - 3.1 g 

10.Stockperlitre 

FeSO4.7H2O4.98g 

H2SO4 1.0 ml 

Medium  

Stocksolutions1-6,10.0mleach 

Stock solutions 7 - 10, 1.0 ml each 

Method 

Make up to 1 litre with deionized water. For agar, add 15.0 g per litre of *Bacteriological Agar (Oxoid 

L11). Autoclave at 15 psi for 15 minutes. 

 

III. Isolation of protozoa from soil 

Protozoa belong to Protista and they are eukaryotic, unicellular and non-photosynthetic (heterotrophic) 

microorganisms devoid of cell wall. While a few are human pathogens, several others are animal 

pathogens but a majority of them are non-pathogenic free living soil inhabitants. Since their mode of 

nutrition is ingestion they can be isolated on agar plates by adding an actively growing bacterial culture 

e.g. Aeromonas. For isolation water agar medium has to be prepared and three circular patches on the 

surface of the agar has to be developed with the help of an inoculation loop and at these spots the 

bacterial culture has to be inoculated.  A small amount of soil (50-100 mg) may be added in the center 

of each circle and these patches have to be moistened with sterile distilled water. After 2 to 3 weeks of 

incubation the protozoa will develop on the agar plates.  

 

IV. Isolation and enumeration of fungi from soil/water 

Fungi in the form of spores or actively growing hyphal threads form the most abundant groups of soil 

microorganisms. The soil fungi can be isolated by serial dilution method as already described. The 

medium can be Potato Dextrose Agar medium or Rose Bengal Agar medium. The latter medium 

restricts the growth of fast growing fungi and hence a preferred one. Soil sample of 1gm mixed in 10 

ml of sterile distilled water in a test tube or 10 g of soil mixed with 90 ml of sterile distilled water in a 

flask can form the first dilution from which further dilutions can be prepared.  

Rose Bengal Agar medium 

Ingredients    Quantity 

KH2PO4    1.0 g 

MgSO4.7H2O    0.5 g 

Peptone    5.0 g 

Dextrose    10.0 g  

Agar      20.0 g 

Distilled water    1 L 

Rose Bengal (1%)   3.3 ml 

Streptomycin    30.0 mg  

Penicillin    30.0 mg 

Procedure 

Prepare different dilutions (up to 10-3) from the soil sample collected. After this prepare the above 

medium and add antibiotics (streptomycin and penicillin) after autoclaving but just before pouring. 

Aseptically pour 1 ml of the soil suspension from  10-3 dilution on to Rose Bengal Agar medium and 

gently rotate the Petri dishes to spread the soil suspension on the medium. The plates can be incubated 

at room temperature for 4-7 days and the colonies appearing on the plates can be enumerated and 

identified. The enumeration can be done by following the formula as given under: 

For percentage calculation on individual fungi.  

 

   Average number of colonies of a species 

Occurrence (%)   = ------------------------------------------------------------------- X 100 
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   Average number of colonies of all the fungal species  

 

 

For calculating the total number of colony forming units 

 

         Average number of colonies 

Colony forming units (CFUs) g-1 soil = --------------------------------------X Dilution factor 

          Dry weight of soil 

Some times the number of colonies may be innumerable and difficult to enumerate and such samples 

have to be further diluted.  

V. Isolation and enumeration of bacteria from soil/water 

The procedure of isolating bacteria from soil is similar to fungi but the medium used is nutrient agar, 

and serial dilutions of 10-6 and 10-7 have to be used for isolations. If water is the sample then dilutions 

can be reduced to 10-5 and 10-6. Instead of Penicillin or Streptomycin an antifungal antibiotic Nystatin 

has to be added after autoclaving but just before pouring the medium on the petri dishes. The CFUs can 

be enumerated by following the formula given for fungi. The only difference will be the dilution factor 

(7 times diluted instead 3 times diluted in the case of fungi).  

Nutrient agar composition 

Ingredients     Quantity 

Peptone      5.0 g     

Beef extract     1.0 g 

NaCl      5.0 g 

Yeast extract     2.0 g 

Agar      15.0 g 

Distilled water     1.0 L 

pH      7.0 

VI. Isolation and enumeration of Actinomycetes from soil/water 

Actinomycetes are a group of microorganisms that share the characteristics of both bacteria and fungi. 

However, since they are prokaryotic they are placed under Kingdom Monera. The features that they 

share with bacteria are that (i) they are prokaryotic in nature, (ii) dimension of cell and hyphae are akin 

to bacteria, (iii) presence of antibiotic sensitivity. The characteristics that they share with fungi are (i) 

production of thin and slender hyphae, (ii) production of conidia (powdery appearance of colonies). 

Since they produce hyphae-like structure they are also called as filamentous bacteria.  

The procedure in isolation of Actinomycetes involves pretreatment of soil samples with 2% CaCO3 and 

incubation of the soil sample at 50oC for 15 minutes. By this pretreatment most of the bacteria and 

fungi will die. Then the actinomycetes can be isolated by serial dilution method with a specific medium 

using Starch Casein Agar medium (SCA medium) and adding Nystatin (50mg/ml) as the antibiotic. 

Soil dilutions up to 10-5 have to be prepared and 1ml of each dilution has to be transferred onto SCA 

medium. The actinomycetes are slow growers and hence two weeks of incubation has to be provided 

when the colonies of powdery appear they can be transferred onto a new plate for pure culture 

isolation.  

Starch Casein Agar medium 

Ingredients     Quantity 

Starch      10.0 g 

Casein (vitamin-free)    0.30 g 

KNO3      2.0 g 

NaCl      2.0 g 

K2HPO4     2.0 g 

MgSO4.7H2O     0.5 g 

CaCO3      0.02 g 

FeSO4.7H2O     0.01 g 

Agar      18.0 g 

Distilled water     1 L 

PH      7.2 

Nystatin or Actidione    50mg/ml of medium 

Actinomycetes can be distinguished from other bacterial colonies by their rough surface, firmly 

attached to the agar surface, radiating edges on the colonies, powdery appearance and when a slide is 

prepared and observed under the microscope they show slender mycelium and conidia in chains.  

Source:  

Dubey, R.C. and Maheswari, D.K. 2002.  Practical Microbiology.  S. Chand & Company Ltd., New 

Delhi, India.  
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Illustrations on list of parts of plants 
P. Sugumaran and S. Seshadri 

1. Introduction  

A plant is a member of the kingdom Plantae, a living organism that utilizes photosynthesis, a process in 

which energy from sunlight is converted to chemical energy (food). Plants are at the base of the food 

web and are autotrophs (or producers - organisms that make their own food). Plants vary greatly in 

size, shape, and the type of environment in which they live.  

Structure and Function: Roots anchor the plant in the ground and absorb water and mineral nutrients 

from the ground. Leaves contain chloroplasts, in which photosynthesis occurs. Carbon dioxide is 

absorbed through pores in the leaves; oxygen is produced as a byproduct of photosynthesis and is 

released. Plant cells have a supportive cellulose cell wall (unlike animal cells which lack cellulose).  

The following is a diagram of the external anatomy of a typical flowering plant: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Axil - the angle between the upper side of the stem and a leaf, branch, or petiole. 

Axillary bud - a bud that develops in the axil. 

Flower - the reproductive unit of angiosperms plants. 

Flower stalk - the structure that supports the flower. 

Internode - the area of the stem between any two adjacent nodes. 

Lateral shoot (branch) - an offshoot of the stem of a plant. 

Leaf - an outgrowth of a plant that grows from a node in the stem. Most leaves are flat and contain 

chloroplasts; their main function is to convert energy from sunlight into chemical energy (food) 

through photosynthesis. 

Node - the part of the stem of a plant from which a leaf, branch, or aerial root grows; each plant has 

many nodes.  
Petiole - a leaf stalk; it attaches the leaf to the plant. 

Root - a root is a plant structure that obtains food and water from the soil, stores energy, and provides 

support for the plant. Most roots grow underground. 

Root cap - a structure at the ends (tips) of the roots. It covers and protects the apical meristem (the 

actively growing region) of the root. 

Stem - (also called the axis) is the main support of the plant. 

Tap root - the main root of some plants; the tap root extends straight down under the plant. 

Terminal bud - a bud located at the apex (tip) of the stem. Terminal buds have special tissue, called 

apical meristem, consisting of cells that can divide indefinitely. 

Basic parts of most all plants are  roots, stems, leaves, flowers, fruits, and seeds. 
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Parts of the Stem  

2. Stem  

Stems are structures, which support buds and leaves and serve as conduits for carrying water, minerals, 

and sugars. The three major internal parts of a stem are the xylem, phloem, and cambium. The xylem 

and phloem are the major components of a plant’s vascular system.  

The vascular system transports food, water, and minerals and offers support for the plant. Xylem 

vessels conduct water and minerals, while phloem tubes conduct food. The vascular systems of 

monocots and dicots differ. While both contain xylem and phloem, they are arranged differently. In the 

stem of a monocot, the xylem and phloem are paired into bundles; these bundles are dispersed 

throughout the stem. But in the stem of a dicot, the vascular system forms rings inside the stem. The 

ring of phloem is near the bark or external cover of the stem and is a component of the bark in mature 

stems. The xylem forms the inner ring; it is the sapwood and heartwood in woody plants. The 

difference in the vascular system of the two groups is of practical interest to the horticulturist because 

certain herbicides are specific to either monocots or dicots. An example is 2, 4, -D, which only kills 

dicots 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cambium is a meristem, which is a site of cell division and active growth. It is located between the 

xylem and phloem inside the bark of a stem and is the tissue responsible for a stem’s increase in girth, 

as it produces both the xylem and phloem tissues. 

Stems may be long, with great distances between leaves and buds (branches of trees, runners on 

strawberries), or compressed, with short distances between buds or leaves (fruit spurs, crowns of 

strawberry plants, dandelions). Stems can be above the ground like most stems with which we are 

familiar, or below the ground (potatoes, tulip bulbs). All stems must have buds or leaves present to be 

classified as stem tissue. An area of the stem where leaves are located is called a node. Nodes are areas 

of great cellular activity and growth, where auxiliary buds develop into leaves or flowers. The area 

between nodes is called the internode. 

 

The length of an internode may depend on many factors. Decreasing fertility will decrease internode 

length. Internode length varies with the season. Too little light will 

result in a long internode causing a spindly stem. This situation is 

known as stretch or etiolation. Growth produced early in the season 

has the greatest internode length. Internode length decreases as the 

growing season nears its end. Vigorously growing plants tend to have 

greater internode lengths than less vigorous plants. Internode length 

will vary with competition from surrounding stems or developing fruit. 

If the energy for a stem has to be divided between three or four stems, 

or if the energy is diverted into fruit growth, internode length will be 

shortened. 

Cross section of the Monocot stem    Dicot Stem  
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Modified stems 

Although typical stems are above-ground trunks and branches; there are modified stems which can be 

found above ground and below ground. The above-ground modified stems are crowns, stolons, and 

spurs, and the below-ground stems are bulbs, corms, rhizomes, and tubers. 

A crown is a region of compressed stem tissue from which new shoots are produced, generally found 

near the surface of the soil. Crowns (strawberries) are compressed stems having leaves and flowers on 

short internodes. 

 

A spur is a compressed fruiting branch. Spurs are short, stubby, side stems that arise from the main 

stem and are common on such fruit trees as apples and cherries, where they may bear fruit. If severe 

pruning is done close to fruit-bearing spurs, the spurs can revert to a long, nonfruiting stem. 

A stolon is a horizontal stem that is fleshy or semi-woody and lies along the top of the ground. A 

runner is a type of stolon. It is a specialized stem that grows on the soil surface and forms a new plant 

at one or more of its nodes. Strawberry runners are examples of stolons. Remember, all stems have 

nodes and buds or leaves. The leaves on strawberry runners are small but are located at the nodes 

which are easy to see. The spider plant also has stolons.  

A tuber is an enlarged portion of an underground stem like potato tubers, tulip bulbs, and iris rhizomes 

are underground stems that store food for the plant. The tuber, like any other stem, has nodes that 

produce buds. The eyes of a potato are actually the nodes on the stem. Each eye 

contains a cluster of buds. 

A rhizome is a specialized stem which grows horizontally at or just below the 

soil surface. They act as a storage organ and means of propagation in some 

plants and are similar to stolons. Some rhizomes are compressed and fleshy 

such as those of iris; they can also be slender with elongated internodes such as 

Turmeric. Johnsongrass is a hated weed principally because of the spreading 

capability of its rhizomes.  

 

Tulips, lilies, and onions are plants that produce bulbs--shortened, compressed, 

underground stems surrounded by fleshy scales (leaves) that envelop a central 

bud located at the tip of the stem. If you cut through the center of a tulip or 

daffodil bulb in November, you can see all the flower parts in miniature within 

the bulb. Many bulbs require a period of low-temperature exposure before they 

begin to send up the new plant. Both the temperature and length of this 

treatment are of critical importance to commercial growers who force bulbs for 

holidays.  

Corms are not the same as bulbs. They have shapes similar to bulbs, but do not 

contain fleshy scales. A corm is a solid, swollen stem whose scales have been 

reduced to a dry, leaflike covering.  

 

Some plants produce a modified stem that is referred to as a tuberous stem. 

Examples are tuberous begonia and cyclamen. The stem is shortened, flattened, 

enlarged, and underground. Buds and shoots arise from the crown and fibrous roots 

are found on the bottom of the tuberous stem. In addition, some plants such as the 

dahlia and the sweet potato produce an underground storage organ called a tuberous 

root, which is often confused with bulbs and tubers. However, these are roots, not 

stems, and have neither nodes nor internodes. It may sometimes be difficult to 

distinguish between roots and stems, but one sure way is to look for the presence of 

nodes. Stems have nodes; roots do not. 

Stems are commonly used for plant propagation. Above-ground stems can be divided into sections that 

contain internodes and nodes. They are utilized as cuttings and will produce stems that are good 

propagative tissues. Rhizomes can be divided into pieces. Bulbs form small bulblets at the base of the 

parent bulb. Cormels are miniature corms that form under the parent corm. Tubers can be cut into 

pieces containing eyes and nodes. All of these will produce new plants. 

 

3. Leaves  

The principal function of leaves is to absorb sunlight for the manufacturing of plant sugars in a process 

called photosynthesis. Leaves develop as a flattened surface in order to present a large area for efficient 

absorption of light energy. The leaf is supported away from the stem by a stem-like appendage called a 

petiole. The base of the petiole is attached to the stem at the node. The small angle formed between the 

petiole and the stem is called the leaf axil. An active or dormant bud or cluster of buds is usually 

located in the axil. 
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The blade of a leaf is the expanded, thin structure on either side of the midrib. The blade is usually the 

largest and most conspicuous part of a leaf. The petiole is the stalk which supports the leaf blade. It 

varies in length and may be lacking entirely in some cases where the leaf blade is described as sessile 

or stalkless. 

The leaf blade is composed of several layers. On the top and bottom is a layer of thickened, tough cells 

called the epidermis. The primary function of the epidermis is protection of leaf tissue. The way in 

which the cells in the epidermis are arranged determines the texture of the leaf surface. Some leaves 

have hairs that are an extension of certain cells of the epidermis. The African violet has so many hairs 

that the leaf feels like velvet. 

Leaves are the food making factories of green plants. Leaves come 

in many different shapes and sizes. Leaves can be simple, made of a 

single leaf blade connected by a petiole to the stem (oak) 

compound, in which the leaf blade is divided into separate leaflets 

attached by a petiole to the stem 

Parts of leaf  

Blades: broad flat shapes (this shape helps with collecting the sun's 

rays)  

Stalks: (or petioles) turn to follow the sun throughout the day and 

return, overnight, to the best position to catch the first rays of dawn.  

Nodes: point of attachment to the stem  

Leaflets: sub-units of the leaf  

Stomata: tiny pores used to breathe  

Rachis: a central stalk to grow leaflets from  

Veins: bundles of vascular tissue used to transport water and 

nutrients  

Midrib: a central vein from which secondary veins can grow  

 

Types of Leaves 

A number of rather distinct types of leaves occur on plants. Leaves commonly referred to as foliage are 

the most common and conspicuous, and as previously stated, serve as the manufacturing centers where 

the photosynthetic activity of the plant occurs. Scale leaves or cataphylls are found on rhizomes and are 

also the small, leathery, protective leaves which enclose and protect buds. Seed leaves, or cotyledons, 

are modified leaves which are found on the embryonic plant and commonly serve as storage organs. 

Spines and tendrils, as found on barberry and pea, are specialized modified leaves which protect the 

plant or assist in supporting the stems. Storage leaves, as are found in bulbous plants and succulents, 

serve as food storage organs. Other specialized leaves include bracts, which are often brightly colored. 

The showy structures on dogwoods and poinsettias are bracts, not petals. 

Conifers, (pines) have "needles" as leaves. They normally have waxy cuticles with sunken stomata to 

help deter desiccation. Also, most have resin canals on either side of the vascular system. The resin is 

thought to help deter and guard against insect damage. 
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Leaf arrangement  

Alternate — leaf attachments singular at nodes, and leaves alternate direction, to a greater or lesser 

degree, along the stem. 

Opposite — leaf attachments paired at each node; decussate if, as typical, each successive pair is 

rotated 90° going along the stem; or distichous if not rotated, but two-ranked (in the same plane). 

Whorled — three or more leaves attach at each point or node on the stem. As with opposite leaves, 

successive whorls may or may not be 

decussate, rotated by half the angle between 

the leaves in the whorl (i.e., successive 

whorls of three rotated 60°, whorls of four 

rotated 45°, etc). Note: opposite leaves may 

appear whorled near the tip of the stem. 

Rosulate — leaves form a rosette ( = a 

cluster of leaves growing in crowded circles 

from a common center). 

Fascicled--leaves grouped in small, tight 

bundles 

Sessile or clasping leaves do not have a 

petiole. In sessile leaves the blade attaches 

directly to the stem. In clasping leaves, the 

blade partially or wholly surrounds the stem, 

giving the impression that the shoot grows 

through the leaf such as in Claytonia 

perfoliata of the purslane family 

(Portulacaceae). 

Palmately compound leaves have the 

leaflets radiating from the end of the petiole, 

like fingers off the palm of a hand. There is no rachis, e.g. Cannabis (hemp) 

Trifoliate, ternate (trifoliata): Divided into three leaflets 

Pinnately compound leaves have the leaflets arranged along the main or mid-vein (called a rachis in 

this case). 1.odd pinnate: with a terminal leaflet, e.g. Fraxinus (ash). 2. even pinnate: lacking a terminal 

leaflet, e.g.Swietenia (mahogany). 

Bipinnate (bipinnata): Each leaflet also pinnate 

Tripinnate (tripinnata): Each leaflet divided into three. Once pinnately compound--leaflets arranged 

along one undivided main axis.  A leaf is even pinnately compound (paripinnate) if the leaflets are in 

pairs with none left over.  A leaf is odd pinnately compound (imparipinnate) if the leaflets are in all in 

pairs except one left over at the tip.  

Leaf arrangements  
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Leaf shapes  

In botany, the following terms are used to describe the 

shape of plant leaves: 

Acicular: slender and pointed  

Cordate (cordata): Heart-shaped, stem attaches to cleft 

Deltoid: Triangular, stem attaches to side 

Elliptic (elliptica): Oval, with a short point. 

Falcate: sickle-shaped 

Hastate: shaped like a spear point, with flaring pointed 

lobes at the base. 

Lance-shaped, lanceolate (lanceolata): Long, wider in the 

middle. 

Linear: Long and very narrow. 

Obcordate: Heart-shaped, stem attaches to tapering point. 

Oblanceolate (oblanceolata): Top wider than bottom. 

Obovate: Teardrop-shaped, stem attaches to tapering point. 

Orbicular: Circular. 
Ovate (ovata): Oval, egg-shaped, with a tapering point. 

Reniform: Kidney-shaped 

Sagittate: Arrowhead-shaped 

Spatulate, spathulate (spathulata): Spoon-shaped  

 

Leaf Margins (edge) 

The leaf margin is characteristic for a genus and aids in 

determining the species. 

Ciliate: fringed with hairs 

Crenate: wavy-toothed; dentate with rounded teeth, such as 

Fagus (beech) 

Dentate: toothed, such as Castanea (chestnut) 

Denticulate: finely toothed 

Entire: even; with a smooth margin; without toothing 

Lobed, parted, divided, cut, etc.--A number of terms describe 

the various degrees of lobing. Different sources use the terms 

in different ways.  

Lobed is usually the least divided and pinnatifid or 

palmatifid usually the most--cut almost all the way to the 

midrib. 

Revolute--turned under 

Serrate: saw-toothed with asymmetrical teeth pointing 

forward, such as Urtica (nettle) 

Doubly serrate--with teeth which have smaller teeth on 

them. 

Serrulate: finely serrate 

Sinuate: with deep, wave-like indentations; coarsely crenate, 

such as many Rumex (docks) 

 

Leaf margins 

Leaf shapes 
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Apices and Bases 

A number of terms describe the shape of the apex or base of a leaf. Some of the more common are:  

Acuminate--with a long, drawn-out taper (often with concave sides)  

Acute--forming an angle of less than 90 degrees  

Cuspidate: with a sharp, elongated, rigid tip; 

tipped with a cusp. 

Emarginate: indented, with a shallow notch at the 

tip. 

Mucronate--with a tiny, usually stiff, point 

(mucro)  

Obtuse--forming an angle of more than 90 degrees  

Retuse--with a tiny notch taken out of the margin. 

Rounded--just what you'd think  

Base of the leaf 

Auriculate: ear-shaped  

Cordate: heart-shaped with the norch away  from 

the stem. 

Cuneate: wedge-shaped. 

Hastate: shaped like an halberd and with the basal 

lobes pointing outward. 

Oblique: slanting. 

Rounded: curving shape. 

Sagittate: shaped like an arrowhead and with     the acute basal lobes pointing downward. 

Truncate: ending abruptly with a flat end, that looks cut off. 
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Roots types 

4. Roots  

A thorough knowledge of the root system of plants is essential if their growth, flowering, and fruiting 

responses are to be understood. The structure and growth habits of roots have a pronounced effect on 

the size and vigor of the plant, method of propagation, adaptation to certain soil types, and response to 

cultural practices and irrigation. The roots of certain vegetable crops are important as food. Roots 

typically originate from the lower portion of a plant or cutting. They possess a root cap, have no nodes 

and never bear leaves or flowers directly. The principal functions of roots are to absorb nutrients and 

moisture, to anchor the plant in the soil, to furnish physical support for the stem, and to serve as food 

storage organs. In some plants they may be used as a means of propagation. 

 

Types of Roots 

A primary (radicle) root originates at the lower end of the embryo of a seedling plant. A taproot is 

formed when the primary root continues to elongate downward. This makes them difficult to transplant 

and necessitates planting only in deep, well-drained soil. The taproot of carrot is the principal edible 

part of these crops. 

A lateral, or secondary root is a side or branch root which arises from another root. A fibrous root 

system is one in which the primary root ceases to elongate, leading to the development of numerous 

lateral roots. These then branch repeatedly and form the feeding root system of the plant. A fibrous root 

is one which remains small in diameter because of a lack of significant cambial activity. One factor 

which causes shrubs and dwarf trees to remain smaller than standard trees is the lower activity rate of 

the cambium tissue which produces a smaller root system. 

 

1. Taproots  

Taproots are large and fleshy in appearance and  grow deep into the 

ground to  search for food. 

Taproots are able to store food, which is particularly necessary for 

perennial  plants during periods of dormancy. 

Taproots are mostly found in plants with two seed-leaves (dicots)  

2. Fibrous roots 

Fibrous roots lie close to the surface of the soil and the fibrous roots 

collect precipitation before it sinks deep into the ground. 

Fibrous roots can often be found growing side by side with taproots: the 

two types of root combine efforts to maximize efficiency.  

Fibrous roots are mostly found in plants with one seed-leaf (monocots)  

3.Adventitious roots 

Adventitious roots are develop to help the plant climb: for example, ivies  

They help develop modified underground stems, such as bulbs, strawberry.  

 

Specialized roots 

The roots, or parts of roots, of many plant species have become specialized to serve adaptive purposes 

besides the two primary functions described in the  introduction. 

Aerating roots (or pneumatophores): roots rising above the ground, especially above water such as in 

some mangrove genera (Avicennia, Sonneratia) 

Aerial roots: roots entirely above the ground, such as in Vanda or in epiphytic orchids. They function 

as prop roots or anchor roots. 

Contractile roots: they pull bulbs or corms of monocots deeper in the soil through expanding radially 

and contracting longitudinally. They show a wrinkled surface. 

 

Haustorial roots: roots of parasitic plants that can absorb water and nutrients from another plant. 

Proteoid roots or cluster roots: dense clusters of rootlets of limited growth that develop under low 

phosphate or low iron conditions in Proteaceae and some plants from the following families 

Betulaceae, Casuarinaceae, Eleagnaceae, Moraceae, Fabaceae and Myricaceae. 

Stilt roots: these are adventitious support roots, common among mangroves. They grow down from 

lateral branches, branching in the soil. 

Storage roots: these roots are modified for storage of nutrients, such as carrots and beets 

Tubiferous roots: A portion of a root forms into a roundish knob called a (tuber) for food. 

 

5. The Flower 

The sole function of the flower, which is generally the showiest part of the plant, is sexual reproduction. 

Its attractiveness and fragrance have not evolved to please man but to ensure the continuance of the 

plant species. Fragrance and color are devices to attract pollinators that play an important role in the 

reproductive process. 
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Parts of the Flower 

As the reproductive part of the plant the flower contains the male pollen and/or the female ovule plus 

accessory parts such as petals, sepals, and 

nectar glands. 

The pistil is the female part of the plant. It is 

generally shaped like a bowling pin and located 

in the center of the flower. It consists of the 

stigma, style, and ovary. The stigma is located 

at the top, and is connected to the ovary by the 

style. The ovary contains the eggs which reside 

in the ovules. After the egg is fertilized the 

ovule develops into a seed. 

 

The stamen is the male reproductive organ. It 

consists of a pollen sac (anther) and a long 

supporting filament. This filament holds the 

anther in position so the pollen it contains may 

be disbursed by wind or carried to the stigma by insects, birds or bats. 

Sepals are small green, leaflike structures on the base of the 

flower which protect the lower bud. The sepals collectively are 

called the calyx. 

 

Petals are highly colored portions of the flower. They may contain perfume as well as nectar glands. 

The petals collectively are called the corolla. The number of petals on a flower is often used in the 

identification of plant families and genera. Flowers of dicots typically have sepals and/or petals in 

multiples of four or five. Monocots typically have these floral parts in multiples of three. 

Types of Flowers 

 

If a flower has a stamen, pistils, petals, and sepals, it is called a complete flower. If one of these parts is 

missing, the flower is designated incomplete. If a flower contains functional stamens and pistils, it is 

called a perfect flower. (Stamen and pistils are considered the essential parts of a flower.) If either of 

the essential parts is lacking, the flower is imperfect. 

Pistillate (female) flowers are those which possess a functional pistil(s) but lack stamens. Staminate 

(male) flowers contain stamens but no pistils. Because cross-fertilization combines different genetic 

material and produces stronger seed, cross-pollinated plants are usually more successful than self-

pollinated plants. Consequently, more plants reproduce by cross-pollination than self-pollination. 

As previously mentioned, there are plants which bear 

only male flowers (staminate plants) or bear only 

female flowers (pistillate plants). Species in which the 

sexes are separated into staminate and pistillate plants 

are called dioecious. Most holly trees and pistachio 

trees are dioecious; therefore, to obtain berries, it is 

necessary to have female and male trees. Monoecious 

plants are those which have separate male and female 

flowers on the same plant. Corn plants and pecan trees 

are examples. Some plants bear only male flowers at 

the beginning of the growing season, but later develop 

flowers of both sexes; examples are cucumbers and 

squash.  

How Seeds Form 

Pollination is the transfer of pollen from an anther to a 

stigma. This may occur by wind or by pollinators. 

Wind-pollinated flowers lack showy floral parts and 

nectar since they don't need to attract a pollinator. 

Flowers are brightly colored or patterned and contain a 

fragrance or nectar when they must attract insects, 

animals, or birds. In the process of searching for nectar 

these pollinators will transfer pollen from flower to 

flower. 

The stigma contains a chemical which stimulates the pollen, causing it to grow a long tube down the 

inside of the style to the ovules inside the ovary. The sperm is released by the pollen grain and 

Flower anatomy  
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fertilization typically occurs. Fertilization is the union of the male sperm nucleus (from the pollen 

grain) and the female egg (in the ovule). If fertilization is successful, the ovule will develop into a seed.  

 

Types of Inflorescences 

Some plants bear only one flower per stem and are called solitary flowers. Other plants produce an 

inflorescence, a term which refers to a cluster of flowers and how they are arranged on a floral stem. 

 1. Catkin-- a cylindrical spikelike inflorescence(Mulberry plant) 

2.Glomerule: a small compact cluster 

3.Spadix--like a spike, but fleshy and the flowers usually reduced and unisexual. Often subtended by a 

bract called a spathe(Araceae ) 

4.Thyrse: a branched inflorescence in which the 

main axis is indeterminate and the lateral branches 

determinate in their growth. 

5.Corymb:a racemose inflorescence in which the 

pedicels of the lower flowers are longer than those 

of the flowers above, bringing all flowers to about 

the same level. 

6. cyme: an inflorescence in which each flower, in 

turn, is formed at the tip of a growing axis and 

further flowers are formed on branches arising 

below it. adj. cymose. cf. raceme. 

7. Head--many small flowers borne on a common 

receptacle; may look like a single flower. Common 

in the sunflower family (Asteraceae) 

8. Panicle--the main axis has branches which are 

in turn rebranched  

9.Raceme--one unbranched axis and the flowers 

with pedicels 

10. Spike--one unbranched axis and the flowers 

sessile (without pedicels)  

11. Simple- a simple inflorescence of flowers on 

stalks of equal length arranged on a single 

elongated stem. 

12.Umbel: a racemose inflorescence in which all 

the individual flower stalks arise in a cluster at the 

top of the peduncle and are of about equal length. 

13. Verticillaster: a false whorl of opposed cymes. 

 

6. Fruits  

Parts of Fruit 

Fruit consists of the fertilized and mature ovules, called seeds, and the ovary wall, which may be 

fleshy, as in the apple, or dry and hard as in a maple fruit. The only parts of the fruit which are 

genetically representative of both the male and female flowers are the seeds (mature ovules). The rest 

of the fruit arises from the maternal plant, and is therefore genetically identical to that parent. Some 

fruits have seeds enclosed within the ovary (apples, oranges,  cucumbers). Others have seeds that are 

situated on the periphery of fruit tissue (corn, strawberry). 

Fruits can be categorized according to whether they are dry or fleshy and whether or not they dehisce 

(split open) at maturity  

 

Types of Fruit 

Fruits can be classified as simple fruits, aggregate fruits or multiple fruits. Simple fruits are those 

which develop from a single ovary. These include cherries and peaches (drupe), pears and apples 

(pome), and tomatoes (berries). Tomatoes are a botanical fruit since they develop from the flower, as 

do squash, cucumbers, and eggplant. All of these fruits develop from a single ovary. Other types of 

simple fruit are dry. The fruit wall becomes papery or leathery and hard. Examples are peanut 

(legumes), poppy (capsule), maple (samara), and walnut (nut). 
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Fleshy fruits 

Aggregate--fruit composed of mature ovaries from separate pistils of ONE flower.  

Can be an aggregate of achenes, drupelets, samaras, etc.  

Berry--from a compound pistil, few to many seed 

Drupe--from a simple pistil, one seed within a stonyendocarps  

Pome--from an inferior ovary with the hypanthium/receptacle tissue swollen and juicy. E.g., in an 

apple, the part one eats is the hypanthium/receptacle--the mature ovary is actually just the core.  

 Dry fruits  

Achene--one seed which is free of the pericarp (fruit wall)  

Capsule--usually from a compound pistil, dehisces into the locules or between them, usually many-

seeded 

Caryopsis or Grain--one seed which has the seedcoat fused to the pericarp  

Nut--one seeded by abortion (only one ovule matures), usually hard-shelled  

Follicle--from one simple pistil, dehisces along one suture  

Legume--from a simple pistil, dehisces along two sutures  

Schizocarp--from a compound pistil, splits into mericarps (pieces) which enclose one or more seeds 

and resemble fruits themselves. The link shows a maple fruit, which will split into two samara-like 

mericarps.)   

Silique or silicle--special capsule with two halves which fall away from a central false septum (replum) 

to which the seeds are attached. Found in the mustard family (Brassicaceae). Siliques are long and thin; 

silicles are short and fat.  

 

7. Seeds  

The seed, or matured ovule is made up of three parts. The embryo 

is a miniature plant in an arrested state of development. Most seeds 

contain a built-in food supply called the endosperm (orchid are an 

exception). The endosperm can be made up of proteins, 

carbohydrates or fats. The third part a hard outer covering called a 

seed coat. It protects the seed from disease and insects, and 

prevents water from entering the seed which would initiate the 

germination process before the proper time.  

Types of fruits 
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Seedlings 

Germination is the resumption of active embryo growth. Prior to any visual signs of growth the seed 

must absorb water through the seed coat and micropyle. In addition, the seed must be in the proper 

environmental conditions; that is, exposed to oxygen, favorable temperatures, and for some correct 

light. The radicle is the first part of the seedling to emerge from the seed. It will develop into the 

primary root from which root hairs and lateral roots will develop. The portion of the seedling between 

the radicle and the first leaflike, (plumule), are attached to a structure called the hypocotyl which 

becomes the stem. The seed leaves and cotyledons encase the embryo and are usually different in shape 

from the leaves that the mature plant will produce. Plants producing one cotyledon fall into the group 

of monocotyledons or monocots. Plants producing two seed leaves are called dicotyledons or dicots. 

 

 

 

 

Sources   

http://en.wikipedia.org/wiki/Category:Plant_morphology 

http://www.EnchantedLearning.com 

http://images.google.co.in/imgres?imgurl=http://collections.ic.gc.ca/gardens 

Arizona Maser Gardener Manual Produced by Cooperative Extension, College of Agriculture, 

University of Arizona.    

The great plant escape, University of Illinois Extension, Teachers guide. 

The V plants: A Virtual Herbarium of the Chicago Region.  

Seed germination on Dicot & Monocot plants  
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Plant Propagation by Layering, Budding, Grafting and Cutting  
Janarthanam. B., and Seshadri .S 

 

Asexual propagation methods include Layering, budding, grafting cuttings, division and tissue culture. 

Asexual propagation does not involve exchange of genetic material, so it almost always produces 

plants that are identical to a single parent. Hibiscus, Abutilon and Rose are two examples of species 

that have been asexually propagated for decades. 

 

Layering 

Layering is a technique for plant propagation in which a portion of an aerial stem is encouraged to 

grow roots while still attached to the parent plant, and then removed and planted as a new plant. The 

process typically involves wounding the target region and optionally applying rooting compounds. 

Types of Layering 

Ground layering: Here the stem is bent down and the target region buried in the soil. This is done in 

plant nurseries in imitation of natural layering by many plants such as Nerium which bow over and 

touch the tip on the ground, at which point it grows roots and, if separated, can continue as a separate 

plant. 

Simple layering can be accomplished by bending a low growing, flexible stem to the ground. Cover 

part of it with soil, leaving the remaining 6 to 12 inches above the soil. Bend the tip into a vertical 

position and stake in place. The sharp bend will often induce rooting. Examples of plants propagated by 

simple layering include climbing Roses, Jasmine and Nerium 

 

Simple layering 

Simple layering can be done in early spring using a dormant branch, or in late 

summer using a mature branch. Periodically check for adequate moisture and 

for the formation of roots. It may take one or more seasons before the layer is 

ready to be removed for transplanting. 

Tip layering is quite similar to simple layering. Dig a hole 3 to 4 inches deep. 

Insert the tip of a current season’s shoot and cover it with soil. The tip grows 

downward first, then bends sharply and grows upward. Roots form at the 

bend. The re-curved tip becomes a new plant. Remove the tip layer and plant it belong various seasons. 

Examples of plants propagated by tip layering include all type of rose varieties,  

 

Tip layering 

Compound (serpentine) layering is similar to simple layering, but several 

layers can result from a single stem. This method works well for plants 

producing vine-like growth such as Money plant, Ipomoea and grapes. 

Compound layering. 

Air layering: Here the target region is surrounded in a moisture-retaining 

wrapper such as sphagnum moss, which is further surrounded in a moisture 

barrier such as polyethylene film. In either case, the rooting process may take 

from several weeks to a year. Layering has the advantage that the propagated 

portion can continue to receive water and nutrients from the parent plant while 

it is forming roots. This is important for plants that form roots slowly, or for 

propagating large pieces. 

Air layering can be used to propagate large, overgrown house plants such as 

Acacia, ficus, croton, or dieffenbachia that have lost most of their lower leaves. 

Woody ornamentals such as Cocktail and many Euphorbia, Bougainvillea an 

also be propagated by air layering. For woody plants, stems of pencil size 

diameter or larger are best. Choose an area just below a node and remove leaves 

and twigs on the stem 3 to 4 inches above and below this point. This is normally done on a stem about 

1 foot from the tip. 
 

Air layering differs, depending on whether the plant is a monocot or a dicot. For monocots, make an 

upward 1- to 1 1/2-inch cut about one-third through the stem. The cut is held open with a toothpick or 

wooden match stick. Surround the wound with moist, unmilled sphagnum moss (about a handful) that 

has been soaked in water and squeezed to remove excess moisture. Wrap the moss with plastic and 

hold in place with twist ties or electrician’s tape. No moss should extend beyond the ends of the plastic. 

Fasten each end of the plastic securely, to retain moisture and to prevent water from entering. If 

exposed to the sun, the plastic should be covered. Aluminum foil can also be used, as it does not 

require twist ties or tape to hold it in place. 
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The process for dicots is similar, except a 1-inch ring of bark is removed from the stem. With a sharp 

knife, make two parallel cuts about an inch apart around the stem and through the bark and cambium 

layer. Connect the two parallel cuts with one long cut. Remove the ring of bark, leaving the inner 

woody tissue exposed. Scrape the newly bared ring to remove the cambial tissue to prevent a bridge of 

callus tissue from forming. Application of a root-promoting substance to the exposed wound is 

sometimes beneficial. Wrap and cover using the same procedure as that described for monocots. 

 

 

Air layering 

After the rooting medium is filled with 

roots, sever the stem below the medium 

and pot the layer. The new plant will 

usually require some pampering until the 

root system becomes more developed. 

Provide shade and adequate moisture 

until the plant is well established. 

Natural Forms of Layering 

Sometimes layering occurs naturally, 

without the assistance of a propagator. 

Runners and offsets are specialized plant structures that facilitate propagation by layering. 

A runner produces new shoots where it touches the growing medium. Plants that 

produce stolons or runners are propagated by severing the new plants from their 

parent stems. Plantlets at the tips of runners may be rooted while still attached to 

the parent or detached and placed in a rooting medium. Examples include 

Spilanthus calva. Examples include date palm, many cacti and some members of 

water melons 

                                                              

                                               

Budding and Grafting 

Grafting and budding techniques combine the science and the art of horticulture. The scientific aspects 

include comparability, timing, disease and insect resistance, drought, tolerance, and hardiness. These 

budding and grafting techniques can be used successfully, to propagate clonal plant materials. In fact, 

perpetuating many of our horticultural clones depends on the successful application of these 

techniques.  

Scion—A piece of last year's growth with three or four buds; the part inserted on the understock. 

Rootstock—That part of a tree which becomes the root system of a grafted or budded tree. Budstick—

A shoot of the current season's growth used for budding. Leaves are removed, leaving ½ inch of leaf 

stem for a handle 

Budding is a grafting technique in which a single bud from the desired scion is used rather than an 

entire scion containing many buds. Most budding is done just before or during the growing season. 

Budding requires the same precautions as grafting. Be sure that the scion and rootstock are compatible, 

that the scion has mature buds and that the cambia of the scion and rootstock match. Be especially 

careful to prevent drying or contamination of grafting materials.  

Preparing the Rootstock 

Rootstock can be grown in the field where it will be budded, or dormant liners can be transplanted into 

the field and then allowed to grow under moderate fertility until they reach the desired 3/16- to 7/16-

inch caliper. Since budding is generally done less than 4 inches above the soil surface, leaves and side 

branches must be removed from this portion of the rootstock to create a clean, smooth working area. 

The stem can be cleaned by brushing or rubbing it gently by hand or with a piece of soft cloth. Eg. 

Rosa multiflora is the best rootstock for all type of rose varieties 

 

Preparing the Budwood 

Collect scion or budwood early in the day while temperatures are cool and the plants are still fully 

turgid. The best vegetative buds usually come from the inside canopy of the tree on the current season's 

growth. Mature buds are most desirable; discard terminal and younger buds because they are often not 

mature. To keep budwood from drying out, getting hot, or freezing (depending on the season), place it 

into plastic bags as it is collected. Then move to a shaded or sheltered area to prepare the buds. Place 

budwood of only one variety in each labeled bag. Budsticks are usually prepared in a cool, shaded area. 

Remove the leaves but keep the petioles (leaf stem) intact to serve as handles when inserting a bud into 

the rootstock. Then cut the sticks to a convenient length, leaving three to six buds per stick. Budsticks 

that will not be used immediately should be bundled, labeled, and stored in moisture-retaining 

containers such as plastic bags or waxed cardboard boxes and kept cool (0o to 8ºC) . Storing budwood 
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in a picnic cooler with ice will help keep it cool and moist. Individual bundles of scions carried by 

budders are often wrapped in moist cloth or kept in dark (not clear) plastic. 

 

BuddingTechniques 
T-Budding 

T-budding is most commonly used for summer budding of Hibiscus, apples and  all type rosesvarieties. 

T budding must done when the bark will "slip." Slipping means that, when cut, the bark easily lifts or 

peels in one uniform layer from the underlying wood without tearing. The exact time when this 

condition occurs depends on soil moisture, temperature, and time of year. It varies with species and 

variety. Dry or excessively hot or cold weather can shorten the period when bark slips. Open such cases 

irrigation can be valuable in extending the T-budding season.  

T-budding is most commonly used depended month of the rose varieties, Apple - June 22 to August I 

and other garden plant like Hibiscus spp.. Since budding is usually done during the warm summer 

months, two other precautions are commonly taken to ensure success. First, buds should not be added 

when the air temperature exceeds 32oC. Second, buds should be inserted on the cooler north or east 

sides of stems. 

 

 Preparing the Stock.  

Budding knives usually have a curved tip, making it easier to cut a T-shaped slit. First, insert the point 

of the knife and use a single motion to cut the top of the T. Then without removing the point of the 

knife, twist it perpendicularly to the original cut and rock the blade horizontally down the stem to make 

the vertical slit of the T. If bark is slipping properly, a slight twist of the knife at the end of this cut will 

pop open the flaps of the cut and make it easier to insert the bud. In practice, the top of the T is usually 

slanted slightly.This same type of cut can be made using two separate strokes, one vertical and one 

horizontal, and then using the back of the budding knife tip to pry up the flaps slightly. Although much 

slower, this technique may be easier.  

 

  

 

 

       

 

 

     Budding knives    T-shaped cut on rootstock 

 

 

Removing Buds from the Budstick. The bud to be inserted is often just a shield of bark with a bud 

attached or a very thin layer of wood with both the bark shield and bud attached. Begin the first scion 

cut about 1/2 inch below the bud and draw the knife upward just under the bark to a point at least 1/4 

inch above the bud. Grasp the petiole from the detached leaf between the thumb and forefinger of the 

free hand. Make the second cut by rotating the knife blade straight across the horizontal axis of the 

budstick and about 1/4 inch above the desired bud. This cut should be deep enough to remove the bud, 

its shield of bark, and a thin sliver of wood. 

Caution: Straight lifting rather than the sideward motion will separate the bud from the bark rather 

than keeping it intact. Shields removed this way are useless! The cut surface of the rootstock and bud 

must stay clean. Do not touch these parts with your fingers. Also, do not set buds down or put them in 

your mouth.  

 

 

 

 

 

           

 

 

 Removing the bark shield with the bud attached. 

Inserting the Bud. Insert the bud shield into the T flaps of the stock and slide it down to ensure that it 

makes intimate contact with the rootstock.  

 Bark shield with bud inserted into T cut. 

Securing the Bud. Pull the cuttogether by winding a around the stem to 

hold the flaps tightly over the bud shield and prevent drying. Secure the 
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budding rubber by overlapping all windings and tucking the end under the last turn. Do not cover the 

bud.  

Wrapped bud. 

Chip Budding 

Chip budding is a technique that may be used whenever mature buds are 

available. Because the bark does not have to "slip," the chip-budding season is 

longer than the T-budding season. Species whose bark does not slip easily 

without tearing - such as some Ixora and Cassia  - may be propagated more 

successfully by chip budding than by T-budding. 

Preparing the Stock and the Scion Bud. The cuts made in chip budding 

differ radically. The first cut on both stock and scion is made at a 45o to 60o 

downward angle to a depth of about 1/8 inch. After making this cut on a smooth part of the rootstock, 

start the second cut about 3/4 inch higher and draw the knife down to meet the first cut. (The exact 

spacing between the cuts varies with 

species and the size of the buds.) Then 

remove the chip.  

 

Figure 15. Rootstock cut for  

 T budding.  

 

 

Grafting 

What Is Grafting? 

The seed from a banganapali mango 

will produce an mango tree, but it will not produce a banganapali tree. Grafting describes any of a 

number of techniques in which a section of a stem with leaf buds is inserted into the stock of a tree. 

Grafting is useful however, for more than reproduction of an original cultivar. It is also used to repair 

injured fruit trees or for topworking an established tree to one or more different cultivars 

 

What Trees Can Be Grafted? 

Young, vigorous fruit trees up to 5 years old are best for topworking. Mango and sapota trees of almost 

any age can be topworked but the operation is more severe and those over 10 years old must be worked 

at a higher point. Pilok, because of their  vigor and their strong, well-placed branches, are very good 

understocks. Young trees should have 1 to 2 feet of branch between the trunk and the graft. Otherwise 

the good crotch formation of the understock will be lost by the trunk expanding past the union. Trees 

up to 5 years old can be grafted at one time. On older trees about half—the upper and center part 

only—should be worked at one time. The remainder should be worked a year later. 

When to Graft 

It is best to graft in the spring, from the time the buds of understock trees are beginning to open, until 

blossom time. The usual time is Jan or Mar. 

 

Tools and Materials Needed 

 

 

 

 

 

 

 

Budding knife  

Grafting knife  

A fine-tooth saw for cleft 

grafting  

Pruning shears  

Dormant scions (cultivar labeled)  

Tying material such as grafting tape, adhesive tape, electrician's ber tape or 

rubber strips  

Paraflim 

A cleft-grafting chisel and mallet, or a heavy knife or hatchet can be used 

for a small job 

Protective Coatings 
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All grafts should be covered with a protective coating immediately after completing the graft. 

Electrician's tape is an excellent material that will bind and protect graft unions. Choose a brand that is 

elastic and amply adhesive. A good tape for the purpose will stick well to itself. Do not stretch this tape 

too tightly or it may crack or weather. Better brands will last throughout the first summer, after which 

the tape is no longer needed. Asphalt water emulsion (or Paraflim) is now widely used as a protective 

coating on graft unions. It is of pasty consistency and can be applied with a brush. It is preferable, 

however, to smear it on thicker with a small paddle. 
 

Methods of Grafting 

The Whip Graft 

The whip graft is used mostly on young apple and pear trees when the branches are relatively small 

(not more than ½-inch in diameter) and the understock is about the same diameter as the scion of the 

new cultivar. 

Cut—Cut off a branch of the understock, leaving a stub at least a foot long. Make a straight, slanting 

cut about 1½ inches long on both the scion and the stock (see A and C ). Make the cut straight and 

even—one stroke with a sharp knife will do it. For the 

tongue, make a straight draw cut (not split), beginning near 

the top and cutting about the full length of the level (B and 

D). 

 The whip graft is usually used for grafting root stocks and 

scions but can also be used for grafting small branches. 

Union—Match the two parts together (E). Unless the scion 

and stock are the same size, be sure the scion is in contact 

with the inner bark on one side. If the toe of either the stock 

or scion extend beyond the heel of the other, cut if off 

evenly. 

Tying and covering—Bind tightly with tape, then carefully cover the union and binding material with 

grafting compound. This type of graft is difficult for the beginner but is used extensively by 

experienced operators. It lends itself to the tape method of binding. Tape serves to seal the wound and 

bind the parts together. While other types of grafts depend on the bark slipping well, the whip graft 

does not. In fact, it is best if you make this graft before the narrow tongue of wood. Aftercare—

Remove wrapping as soon as the scion has started to grow to prevent girdling of the tree. 

The Cleft Graft 

The cleft graft is best adapted to branches 1 to 2 inches in diameter. The grafts are made within 2 to 3 

feet of the trunk or main branches and preferably not more than 4 to 6 feet from ground, or new top of 

tree will be too high. 

Cuts—Select a place free from knots and cut off the stock with 

a saw. Cut the cleft (avoid splitting if possible) with a grafting 

chisel, large knife or hatchet. After a few trials you will learn 

the proper depth of cleft. In horizontal branches, the cleft should 

be sidewise, that is, not perpendicular, to reduce breakage from 

birds and storms. 

With a sloping cut about ¼ inch above the upper bud, cut the 

scions to include three buds, and to a blunt wedge about 1½ 

inches in length with one side slightly thicker than the other 

(see A and B in Figure 2). If the scion wedge is cut to a sharp 

point there is danger of the bark peeling. Also a sharp scion 

wedge' will not fit the cleft as well (C). 

 

 

Figure 2. The cleft graft is the one to use on large branches. 

Union—Open the cleft slightly with a grafting tool or screw driver. Insert a scion on each side, with 

the inner bark of stock and scion in contact. Have the thick side of the scion outward (B). Keep in mind 

that the bark of the larger stock is thicker than the scion bark, so the scion should not be flush with the 

stock. A very slight tilt will assure a contact, at least where the cambium layers cross (D). 

Tying and covering—There is no need to tie, unless the stock is small and does not bind well. Cover 

the unions with grafting compound and be sure the cleft is covered its full length (E). Aftercare—

Scions that are growing vigorously will need attention to prevent breakage by birds, ice and storms. 

Either tie the scion to a supporting brace (see B), or pinch back the tips before growth becomes 

excessive 
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 In this example of a cleft graft, three stages in the growth of a 

branch from a scion are shown. 

 

 

 

 

 

 

 

 

 

The Modified Cleft Graft 

Instead of trying to master the whip graft or side graft, use a simple kind of cleft graft on small 

understock. Stock (see B) about the same size as the scion (A) may be split and a wedge-shaped scion 

inserted. Should the stock be larger than the scion, be careful to set the scion to one side instead of on 

center (C). In this way the cambium of stock and scion will make contact. Wrap this graft union (D) 

carefully with a good grade of rubber tape. As the graft grows the tape stretches and eventually 

deteriorates. 

The Side Graft 

Although the side graft is adapted to a wide range of branch sizes (¼ to ¾ inch diameter), its use is 

generally restricted to branches that are too large for the whip graft yet not large enough for the cleft 

graft. As the name suggests, the scion is inserted into the side of the stock, which is generally larger in 

diameter than the scion. 

 

A Glossary of Grafting Terms  

Topworking—The operation of cutting back the branches and top of an established tree and budding 

or grafting part of another tree on it. 

Understock or stock—The part on which the scion is inserted; the part below the graft. 

Rootstock—That part of a tree which becomes the root system of a grafted or budded tree. 

Scion—A piece of last year's growth with three or four buds; the part inserted on the understock. 

Cambium—The growing part of the tree; located between the wood and bark. At the season when bark 

separates freely, cambium will be both on the wood surface and on the inner bark. 

Dormant—The condition of live trees at rest.. 

Budding—A type of grafting that consists of inserting a single bud into a stock. It is generally done in 

late July and August, the latter part of the growing season. 

Budstick—A shoot of the current season's growth used for budding. Leaves are removed, leaving ½ 

inch of leaf stem for a handle. 

Cultivar—Denotes a cultivated type of plant. (Now used in place of the term "variety.") 

 

CUTTINGS 

Cuttings involve removing a piece from the parent plant and that piece then regrows the lost parts or 

tissues. Both woody and herbaceous plants are asexually propagated by cuttings of stems, leaves and 

roots. New plants can be grown from parts of plants because each living plant cell contains the ability 

to duplicate all plant parts and functions. Mature cells can change into meristematic (mare-ah-ste-mat-

ick) cells that are found at rapid growth sites like buds. There are many types of cuttings. Often, a plant 

can be propagated by more than one method of cutting. Some plants will reproduce readily from 

cuttings and others take a considerable amount of time and care. 

STEM CUTTINGS 

When a cutting is made, injured xylem and phloem cells plug the tubes so that precious fluids are not 

lost. Usually a callus forms at the cut. Cells near the callus area reorganize to form 

adventitious roots. Stem cuttings are the most commonly used 

method to produce houseplants. Select vigorous, new growth with 

no flower buds. Stem sections should be free of diseases and 

insects. Each cutting should be 2 to 4 inches long and have 2 or 3 

leaves attached. Make a cut 1/4  inch below a leaf node and pull off 

the leaves that are at the nodes that will be below the surface of the 

rooting medium. Rooting hormone helps to stimulate rooting, but is 



 31 

optional. Pour a small amount of the rooting hormone into a clean container to prevent contamination 

of all of your rooting hormone. Dip the base of the stem, including the node area, into the rooting 

powder. The stem should be dry when dipped. Commercial rooting products often include a fungicide. 

This is a good idea given the damp conditions required for rooting success. Tap off excess liquid, since 

too much hormone can inhibit rooting. Cover container and cutting with a plastic bag tent to maintain 

high humidity. Place unit in a warm area with indirect light. Check the rooting medium every few days 

to make sure it remains moist. Rooting can take from a few days up to 

several months. Example of plant propagated by cutting 

Rose, patchouli and Nerium and Jatropha  

 

LEAF CUTTINGS 

In this method, a leaf blade or leaf with petiole is used to 

propagate new plants. The same steps are followed as for 

stem cuttings. Choose a healthy leaf from a vigorously 

growing plant. Cut it close to the stem with a sharp, 

disinfested razor or knife. Trim off 1/4 of the leaf and dip into rooting hormone, if desired. Insert the 

leaf into rooting medium so that 1/3 of the leaf is below the surface. Many succulent plants, such as 

Drosera Leaf and Peperomia, bryophyllum (Kalanchoe) and jade plant (Crassula) can be propagated 

by leaf cutting.  

 

ROOT CUTTINGS 

Cultivation of root cuttings probably started after gardeners observed new plants growing from pieces 

of root accidentally left behind in the soil. Take cuttings from newer root growth. Make cuttings 1 to 4 

inches long from roots that are 1/4 to 1/2 inch in diameter. Be sure that the roots collected are from the 

chosen plant and not neighboring plants. Cuttings should be taken during the dormant season when 

roots have large carbohydrate supplies. However, they also may be taken throughout the growing 

season. Cut straight through the end of the root closest to the stem. Cut the other end on a slant. This 

allows you to remember which end is the top (the straight cut) and which is the bottom (the diagonal 

cut). If root cuttings are taken during active growth, skip the storage period and place cuttings directly 

in the rooting medium. For smaller plants, take 1- to 2-inch sections. Place cuttings horizontally a half 

inch below the surface of the rooting medium. Eg Coleus, Vetti var and  Cynodon 
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Seed Germination, Seed viability, Seed bed preparation and Nursery Techniques 
Janarthanam. B., and Seshadri .S 

 
At times, it is necessary to store seeds for a period of several months to a year or more. Unfortunately, 

exposing seed to temperatures of 32°C or higher, or to relative humidities of 60% or greater, can lead 

to a rapid decline in seed germinability and vigor. As a rule of thumb, stored seed best maintains 

viability and vigor when the combination of air temperature in degrees Fahrenheit and percent relative 

humidity of the air is 100 or less. Thus, a seed storage relative humidity of 30% or less at a temperature 

of 21°C or lower would maintain viability and vigor in the seed of most plant types. Conversely, as is 

often the case where seed is stored, air temperatures during part of the year may be 27°C to 32°C or 

higher, and the relative humidity of the air may be 70% or greater. Such conditions Tamil Nadu can 

lead to lower germinability and vigor in only a few months. Seeds exposed to air gain or lose water 

according to the relative humidity of the surrounding air. At 50% atmospheric relative humidity, the 

equilibrium moisture content of wheat and rye seeds is about 12%; of barley, about 11%; and of oats, 

about 10.5%. Small-grain seeds and, in fact, seeds of most plant kinds store reasonably well if the 

moisture content in the seed is 10 to 12%. Seeds with a high fat or oil content, such as soybeans, store 

better at 9 to 10% moisture or lower. Oat seeds should be dried to 10% or less moisture content. At 

60% or greater atmospheric relative humidity, seeds of many plant kinds rapidly gain water. Thus, the 

equilibrium at 90% atmospheric relative humidity, the seed moisture content of the several smallgrain 

crops swells to 20 to 23%. Viability and vigor are lost rapidly under these conditions  

 Effects of moisture content in seeds. 

Seed 

moisture 
Condition 

4-8% Little or no insect activity (too dry for most insects). 

10-12% 
Satisfactory to store most seeds in open storage and in cloth bags or moisture-resistant 

containers. 

14-16% 
Molds (fungi) may grow on and in seeds in open storage and on seeds in cloth bags or 

sealed containers. Harmful to seeds of many plant kinds. 

18-20% 
Seed may heat because of seed respiration and microbial activity. Seed declines rapidly 

in viability and vigor. 

24-60% Seeds may rot. 

40-60% Germination begins. 

Be sure the seed is dry when stored. Seed of oats, wheat, barley, rye, soybeans andred clover  often is 

farm grown. Such seed may be harvested at moisture contents of 16 to 18% or higher. This seed should 

be dried carefully to 10 to 12% seed moisture content soon after harvesting. Do not dry such seed at 

temperatures over 30°C to 35°C, and do not maintain elevated temperatures any longer than is required 

to dry the seed.  

 

What is seed viability? 

The viability of the seed accession is a measure of how many seeds are alive and could develop into 

plants which will reproduce themselves, given the appropriate conditions. 

Why do we test seed viability? 

It is important to know that the seeds that are stored  will grow to produce plants. Therefore they must 

have a high viability at the start and during storage. The viability of seeds at the start of storage will 

also determine, within the environmental conditions, the storage life of the accession. 

 

When should viability be determined? 

Viability will need to be determined at the start of storage and at regular intervals during storage to 

predict the correct time for regeneration of the accession. The viability test takes from a few days to 

weeks or even months to give an accurate result. If possible the results should be available before the 

seeds are packaged and placed in the genebank so that poor quality seeds can be identified and 

regenerated before storage.  

How should viability be determined? 

The most accurate test of viability is the germination test and this will be described here. The 

germination test is made under controlled conditions to find out how many seeds will germinate and 

produce normal seedlings which could develop into normal reproductively mature plants. The IBPGR 

Advisory Committee on Seed Storage recommends that for the initial germination test of species where 

a reasonable germination technique is available, a minimum of two replicates using 200 seeds (100 
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seeds per replicate) is acceptable, providing that germination is above 90%. If not, a further 200 seeds 

should be tested as before and the overall result for seed viability taken as the mean of the two tests. 

Other biochemical tests are available to test viability. These have the advantage of being quicker, but 

are not as accurate and require considerable skill and practice in their implementation and 

interpretation. These are not recommended by the IBPGR Advisory Committee on Seed Storage for 

general use as tests for seed viability. 

 

Germination testing 

How is germination tested? 

There are many methods available which can be used to test germination. Seeds of different species 

have different requirements for light, substrate, temperature and water during germination.  

How do we choose which conditions to use in the germination test? 

There is no general set of conditions which can be used to germinate seeds of all different species. Each 

species is different and must be treated separately.  

Why do some seeds fail to germinate in the test? 

Two main reasons for the failure of seeds to germinate in suitable conditions are because they are either 

dead or dormant. Dead seeds can be identified because they usually soften and rot during the test as a 

result of attack by bacteria and fungi. Seeds which remain hard or absorb water, but remain firm and in 

good condition during the germination test are probably dormant. Seed dormancy is common in some 

crops straight after harvest (post harvest dormancy) and in many wild species related to crop plants. 

How can dormant seeds be stimulated to germinate? 

Special treatments are required to overcome seed dormancy. Treatments vary among species  

How should non-dormant seeds be germinated? 

The most appropriate test conditions should be selected for the test. A fixed sample size germination 

test should be used as explained here. 

 

STEP 1. DETERMINE THE GERMINATION TEST CONDITIONS 

1. Use the normal germination test procedure for the species in you choose. 

2. If there is no standard, ask the exports for advice on the best germination test conditions to use. 

3. Check that the equipment and environments are available to fulfil these conditions. 

4. If not, a compromise will have to be found using the best possible alternatives available. 

5. A fixed sample size germination test using 200 seeds is recommended to determine viability at the 

start of storage. 

 

STEP 2. PREPARE THE SEEDS FOR THE TEST 

1. Take a random sample of seeds from bag 

2. Count out 200 seeds for each test. 

3. Divide these seeds into at least two replicates. More replicates of fewer seeds in each can be used to 

fit into the equipment. 

4. In order to prevent damage to the seeds from the rapid uptake of water (imbibition damage), seeds 

with a low moisture content must imbibe water slowly. Any seeds known to be prone to imbibition 

damage should be placed in a humid atmosphere to equilibrate as a pre-treatment. This is especially 

important for many species of legumes. 

 

STEP 3. SET UP THE GERMINATION TEST 

Although several methods are available for germination testing, it is suggested that you use one of the 

two major methods described here because these are adaptable to most environments and in general 

give uniform results. 

 

Germination using absorbent paper 

1. Top of paper method 

2. Equipment 

Petri dishes or other containers 

Filter paper, paper towelling or rice straw paper 

Water 

Forceps 

Incubators 

Permanent markers 

1. Cut the paper to the size and shape of the dishes. 

2. Place a layer of paper in each dish. If the paper is too thin use a double layer. 

3. Label the top and bottom of each dish with the name of species, seed, number of the replicate and 

date of the test. 
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4. Moisten the paper with water. 

5. Arrange the seeds in a regular equidistant pattern on the surface of the paper. 

6. Add more water if required and replace lid 

 

 

Notes and Examples 

Seeds arranged in an orderly way are easier to count. 

Between paper method 

1. Cut the paper to a convenient size to hold one replicate of the seeds when spaced at regular intervals. 

If the paper is too thin use a double layer. 

2. Label each sheet on the outside of the paper at one end with the accession number, replicate of the 

test and the date of the start of the test. 

3. Moisten the paper with water. 

4. Arrange the seeds at regular intervals on the paper, leaving at least two centimetres clear from the 

edges all round. 

5. Cover the seeds with another sheet of paper and fold in the edges to prevent the seeds from falling 

out. 

6. Roll the paper loosely towards the end with the label. 

7. Place the rolled papers inside ventilated plastic bags or boxes. 

8. Put these in an upright position in wire baskets or plastic boxes. 

9. Keep the paper moist with water. 
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STEP 4. CARRY OUT THE GERMINATION TEST 

1. Place the prepared germination tests under the light and temperature conditions which were 

determined in Step 1. 

2. Keep the substrate moist during the test with water, but do not over-water. 

3. Run the test for a sufficient period to determine whether the seeds have germinated, or are dead or 

dormant. A fixed interval can be used based on previous experience, but the time taken to germinate 

will vary among species and accessions of the same species. 

Notes and Examples 

Seeds absorb most water during a rapid imbibition phase at the start of the test. Make sure that there is 

enough water at this stage but remember that too much water at a later stage can limit the oxygen for 

the seeds and also lead to rotting. 

 

STEP 5. COUNT THE GERMINATED SEEDLINGS 

Germination using absorbent paper 

1. Seeds sown on top of paper can be counted either through the transparent cover or after removing the 

cover of the container. For those between paper, unroll the paper carefully to avoid tearing the paper or 

damaging the roots of the young seedlings. 

2. Count and record the number of normal seedlings in each replicate. 

3. Count and record the number of abnormal seedlings in each replicate 

4. Once a seed has been counted as germinated, the resulting seedling can be discarded. 

5. If the seeds are dormant, treat with the appropriate technique to stimulate germination and continue 

the test to allow those to germinate.Notes and Examples 

Normal seedlings are those which show the capacity for continued development into normal plants if 

grown on a suitable substrate and under favourable conditions of water supply, temperature, light and 

oxygen. Abnormal seedlings are those which do not appear as if they will develop into normal plants. 

There are three classes of abnormality - damage, deformity and decay. 

 

STEP 6. INTERPRET THE RESULTS 

1. For each accession, consider the total number germinated in each replicate. 

2. Check that the results of the different replicates are compatible by using tolerance tables . 

3. If the results are compatible, calculate the mean percentage viability of that accession from the 

results of all replicates. 

4. If the results are not compatible consult the curator for advice on how to proceed. 

 

STEP 7. DECIDE WHETHER TO REPEAT THE TEST 

1. Consider the mean percentage viability of the accession. 

2. If it is above 90%, accept the test as valid and use this value as the true viability. 

3. If the result is 90% or below, repeat the test using a further 200 seeds following the same procedures. 

4. Calculate the mean percentage viability from the results of the two tests and use this as the overall 

test result. 

 

STEP 8. ENTER THE DATA INTO THE FILES 

1. If the standard test for that species in your genebank has been followed exactly, enter the percentage 

viability into the inventory data file for each accession. 

2. If a standard test has not been used, either enter a reference to the full germination data or state the 

conditions which vary from the standard test. 

Notes and Examples 

The conditions of the germination test can influence the number of seeds which germinate, especially if 

seed vigour is low. Optimum conditions allow optimum germination. Therefore, it is important to note 

the conditions of the test and any deviations from the standard test. 
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Seed bed preparation 

A seedling bed is a specially prepared box used to grow plants in a controlled environment before 

transplanting them into a garden. A seedling bed is used to increase the number of seeds to mature and 

survive. Once the seeds have matured in the seedling bed, they are then transplanted into a larger bed or 

a garden. 

Soil tillage, seed bed preparation, planting and ridging aims at: 

a quick emergence  

a deep penetration of the roots  

a good drainage  

 

Weed control  

To prepare sufficient loose soil necessary for the formation of a ridge in which the new growing tubers 

are well protected  

Soil leveling 

Leveling of soils is done to prevent water logging on lower spots after irrigation or intensive rain. 

Main soil tillage operation 

 The main soil tillage operation with a plough (chisel plough, disc plough, moldboard plough, 

cultivator) is down to a depth of 25-35 cm. 

 

Objectives of the main soil tillage  

To loosen the soil, to break impermeable layers, to improve drainage, to bring organic matter into the 

soil . The main soil tillage operation is an efficient weed control method, when executed with an 

implement that turns the soil (moldboard plough, disc plough). 

Seed bed preparation and compacting  

 Seed bed preparation starts at right moisture content. Soil 

tillage in wet soils results in soil compaction and clod 

formation. Soil compaction leads to poor drainage and poor 

root development. Clods often remain in the ground until 

harvest. Under dry soil conditions it is difficult to break down 

the soil. Cultivate soils no deeper than the moisture content 

allows. About 10 cm of loose soil is needed to make a ridge. 

 

Nursery Techniques 

A nursery is a place where plants are propagated and grown to usable size. Nurseries grow annuals, 

perennials, and woody plants (trees and shrubs). These have a variety of uses: decorative plants for 

flower gardening and landscaping, garden vegetable plants, and agricultural plants. Nurseries often 

grow plants in a greenhouse, a building usually of glass or plastic, designed to protect young plants 

from harsh weather (especially frost), while allowing access to sunlight.Some nurseries specialize in 

one phase of the process: propagation, growing out, or retail sale; or in one type of plant: groundcovers, 

shade plants, fruit trees, or rock garden plants. Annuals are sold in trays (undivided containers with 

multiple plants), flats (trays with built-in cells), peat pots, or plastic pots. Perennials and woody plants 

are sold either in pots or bare-root and in a variety of sizes, from liners to mature trees. Plants may be 

propagated by seeds, but often desirable cultivars are propagated asexually by budding, grafting, 

layering, or other nursery techniques. 

Types of Nursery    

(a) Dry nursery 

(b) Wet nursery  

        Either method can help to produce good yields; of the two, the wet nursery is probably better and 

is therefore recommended whenever possible:  the dry nursery though, is perfectly satisfactory.  

Whichever type is chosen the site  for the nursery must be carefully chosen so that it is:-  

        a.        on the most fertile soil available. 

        b.        in full sunlight. 

        c.        near to a source of water e.g. a small stream, but not subject to flooding. 

        d.        on or near the PAYA. 

        e.        of sufficient size, (is big enough)-this is particularly important; usually in Sarawak, 

nurseries are made too small  and because of this the seedlings do not get enough food, water and 

sunlight and they become  yellow and diseased and do not grow to a good size.  

Cultivate the nursery site very thoroughly - in much the same way as for the cultivation of a vegetable 

garden.If the site has not been used before, no fertiliser will be needed in most areas, but if the nursery 

is being prepared on land which has been cultivated for two to three years fertilising can help to 

produce better seedlings. For the dry nursery use either 1 to 2 ib of well-rotted buffalo, (or cattle) 

manure per square foot i,e, 225 to 450ib for the area of nursery sown with one GANTANG of seed. 
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Scatter the manure over the surface just before the beds are made up.Or broadcast, (scatter) 2 ib of the 

fertiliser Ammophos 11:48 over the prepared bed for an area of 75 feet by 6 feet, (i.e. for one 

GANTANG), and rake it lightly in.  For the wet nursery rather less fertiliser is needed, otherwise the 

growth of the seedlings is too lush, (soft). Use therefore, either 1/4 ib of well-rotted buffalo, (cattle) 

manure per square foot i.e. about 112 per GANTANG of seed. 

 

Wet Nursery  

For a wet nursery, a reliable source of water is needed; a small stream from which water can be 

diverted onto the nursery when it is needed is suitable. Bunds will be needed to divide the nursery area 

into convenient sections - a six-inch bund is sufficient. Channels to carry the water to each section of 

the nursery must be made as well as access paths.The final cultivation of the nursery is carried out with 

water on the ground so that a fine smooth mud is produced. The beds of the nursery must be absolutely 

level and flat - this is most important, otherwise when the water is later put onto the beds the depth 

will be uneven and this will affect the growth of the seedlings.  At the time of sowing, the soil water 

level should be just below the surface of the soil. Pregerminated seed is then sown uniformly over the 

surface of the bed; this can most easily be done by sowing the seed first to a width of three feet on one 

side of the bed and then on the other. When the seedlings are two to three inches high the water should 

be raised so that it is just above the level of the soil - this will reduce the likelihood of weeds growing 

and of attack by pests and diseases. 

  

Dry Nursery  

For a dry nursery, cultivation the area is made up into beds six feet wide, 18 inches apart and about six 

inches high; they can be of any convenient length.  The pregerminated seed should be sown uniformly 

over the bed-this can be done most easily by showing first one side, three feet wide, and then the 

other.  After sowing, the nursery must be watered every day during dry weather.  

Humidity Chamber 

Production of seedlings Producing ready-to-transplant seedlings is currently common only for 

vegetables. But in the case of other crops such as cotton, castor, arhar, sugarcane or even cereals like 

rice, bajra and jowar, one can raise seedlings in a nursery and transplant them at the right time.  

For woody dicots like cotton, arhar and castor, the seedlings 

could be produced in plastic bags, while seedlings for most 

vegetables and cereals can be produced on a bed of soil or sand 

laid on a plastic film. For optimum results, the soil should have 

pH of about 6.5. If the soil is clayey, it should be mixed with 

sand or compost, in order to ensure good drainage. The soil is 

initially drenched with a fungicide solution, to kill pathogenic 

fungi. Since drenching also causes any weed seeds in the soil to 

germinate, these should be removed before sowing the crop seed. 

Incorporating inoculum of Trichoderma viridae also protects the 

seedlings from soil-borne fungal pathogens. The seed is sown in 

rows, about 7 to 10 cm apart. The space between the rows is 

covered by strips pf black plastic film (plastic mulch), which prevents excessive evaporation of water, 

checks growth of weeds between the rows and, in winter, keeps the soil warm to accelerate 

germination. The seedlings are fertilized and watered as usual.  

Surroundings the seedbed with a continuous skirting of transparent colourless plastic film, about 1 m 

high, prevents dissipation of the carbon dioxide generated by the plants during the night and enables 

itsassimilation by the plants during the following day. The growth of the seedlings is also accelerated 

because of the additional carbon dioxide. The plastic skirting around the 

beds is later removed so that the plants are exposed to dry air and wind, 

which hardens them in readiness for sale.  

 

Vegetative Propagation through rooted cuttings Shoot cuttings of 

most tropical dicot species are capable of producing roots if they are 

properly treated. Such rooted cuttings have the same genetic 

constitution, and therefore the same characteristics, as the mother plant. 

Cuttings of most vines, lianas and herbs, and also those taken from 

young saplings of trees, root more easily than cuttings from adult tress (i.e. trees that are already 

producing flowers/fruits). In general, softwood cuttings (i.e. twigs having green bark) root more easily 

than hardwood cuttings (cut-tings having brown bark). Hormonal treatment of the basal part of the 

cutting increases the percentage of rooting. The treatment consists of dipping the basal 1 or 2 cm of the 

cutting for about 10 sec in 4000 ppm solution of indole butyric acid (IBA) or naphthalene acetic acid 

(NAA) and planting such cuttings in moist sand.  
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High Humidity Chamber Cuttings placed for rooting can lose moisture of the weather is dry. This can 

be avoided by keeping the cuttings in an atmosphere having more than 70% relative humidity. If the 

rooting is conducted in coastal regions, normal atmospheric humidity is itself generally high enough 

but in inland regions atmospheric humidity can be very low. In such cases, the beds in which the 

cuttings are planed are covered by a transparent plastic film supported by wire arches forming an 

enclosed chamber. The atmosphere within this space is very soon saturated by water vapour, indicated 

by droplets of water condensing on the inner surface of the plastic film. Twigs planted in this chamber 

remain turgid and fresh for even up to 8 weeks. Using a low-cost humidity chamber of this type 

dramatically increases the percentage of rooting. For commercial-scale production, the size of the 

chamber can be increased as required. The only precaution required is to place it in the shade because, 

if the humidity chamber gets exposed to direct sunlight, it would get so heated up that the twigs would 

die of heat shock.  

 

Potting Medium Sand-soil mixture is generally quite adequate as potting medium. Sand serves 

primarily to increase porosity of the soil, therefore the proportion of its use depends upon the clay 

content of the soil. In black cotton soil, which is extremely clayey, ratio of sand to soil should be 1:1, 

but if the soil is sandy, there is no need to add sand to the medium. Leaf litter (semi-decomposed 

leaves) can also be used instead of sand. It is light in weight, has good porosity and, while it 

decomposes, also provides the saplings with nutrients. If it is plentifully available, the pots may be 

filled with just the leaf litter. Another substance commonly used nowadays is coconut peat, which 

however, is quite costly. A similar product can also be obtained by controlled decomposition of dry 

sugarcane leaves, wheat straw or any other agro-waste, which is locally available.  

 

Peat substitute from agro-waste A silo-like structure about 1m wide and 2 m tall is made by 

wrapping a black plastic sheet around four vertical bamboo poles. This silo is filled with the target 

biomass, which has been thoroughly soaked in slurry of cattle dung. The entire mass is kept wet by 

periodically sprinkling water on it so as to maintain the process of decomposition, which takes place 

only if the material is moist. Covering the top also with black plastic sheeting helps to conserve the 

moisture in the pile. As the biomass decomposes, it subsides and therefore requires to be topped up 

periodically with more biomass treated with cattle dung slurry. Depending on the nature of the agro-

waste, the composting process can take anywhere from two to four months. A square hole of about 50 

cm side is cut near the bottom of the silo and the composted material removed through this exit port. 

After each removal, fresh biomass (always treated with cattle dung) should be added to the silo from 

the top. Once the method has been standardized, the plastic sheet can be replaced by a permanent brick 

structure or by a large diameter cement pipe.  

 

Liquid organic manure The above silo filled with organic manure can also be used as a source of 

liquid organic manure. For this, a small piece of pipe (2.5 cm diameter) is fitted into the lower end of 

the silo. Water is introduced every day at the top end of the silo and trickles down through the 

decomposing organic mass, carrying with it all the material that has been rendered water-soluble. This 

water, coming out of the pipe at the base of the silo, can be used as liquid manure. Due to this 

treatment, the organic matter in the silo subsides at a fast rate and has to be topped up every day. 

Addition of green leaves to the silo gives better results than using dry agro-waste. The liquid organic 

manure can be applied even through a drip irrigation system.  

Use of Water Absorbing Gels A number of substances having the ability to absorb water are 

commercially being offered as a supplement to the potting medium. They can absorb water equivalent 

to several hundred times their own weight without losing their gelling ability. This water is held with a 

relatively small force within the gel so that t he roots can easily remove and absorb it. By adding these 

gels to the potting medium, one can increase the water holding capacity of the potting medium without 

causing water logging. The main advantage of using these gels is to reduce the frequency of watering 

the pots.  

 

Use of Light in Nurseries Several species of plants shed their leaves and go into dormancy soon after 

the end of monsoon. The shortening daytime duration acts as a stimulus for this phenomenon (which 

most probably evolved during the ice ages) as a mechanism to survive the winter. But, in the current 

era, this strategy is not needed by plants in the plains and in peninsular India. In fact, the clear blue sky 

and full sunshine during the winter months are conducive to high rates of photosynthesis, while the 

relatively cool winter nights reduce the rate of respiration, so that the net rate of photosynthesis is very 

high during the winter. Since fast growth of plants is always desirable, a nursery operator should not let 

the plants become dormant. This can be achieved by exposing the plants to long-day conditions by 

providing supplementary fluorescent light for a few hours every evening after sunset.  
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Root Trainers When plants are grown in plastic bags, their roots often get coiled at the base of the 

bag. Such plants show retarded growth after being transplanted into the soil. In some cases, the roots 

grow out of the bag and enter into the soil. Such plants fail to survive if their roots are broken while 

lifting the bags. Root trainers are conical containers, resembling ice cream cones, but which are open at 

both the ends. They are filled with soil and kept in special stands with the pointed en pointing 

downwards, but not touching the soil. When plants are grown in these containers, their roots grow 

downwards, but do not touch the soil. When the taproot comes out of the lower end, it gets exposed to 

air and the growing point of the root is killed due to desiccation. This phenomenon, also called air 

pruning, prevents the root both from coiling at the base of the container and also from entering into the 

soil. The air-pruned roots develop large number of lateral secondary roots. Such plants not only show 

good survival rate after transplanting but also show a faster rate of growth because the roots with their 

lateral branches have a larger absorbing surface.  

Sources 

http://www.sarawak.com.my/borneo_lit/W-

padi/page01.htmlhttp://www.ipgri.cgiar.org/publications/HTMLPublications/188/ch07.htm
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Fall sowing Grain drill 

Planting 

Transplanting 

Methods on Sowing, Weeding, Harvesting and Threshing 
S. Kameswaran 

Introduction 

Agriculture is an art, science and is a business – There are different branches of agriculture. They are 

Development of scientific agriculture in World and India. Agricultural is the oldest industry of the 

country. Since time immemorial the Indian people have been primarily farmers, most of them tilling 

their small plots of land and some of them herding their livestock. It is an industry that is very deeply 

rooted in Indian culture. In a society where tradition counts so heavily the blessings of tradition are of 

great value. Evidently the society understood very clearly that the farmer as food producer must be 

given at least formal recognition and status. 

Principles and practices of agricultural operations- Seeds and sowing-factors affecting germination - 

seed rate - seed treatment - methods of sowing -nursery and transplanting - irrigation. After cultivation 

- weed management, harvesting and threshing. 

 

Methods of Sowing 

Broad Casting 

Seeds are spread uniformly over well prepared land and are covered by ploughing or planking. It is 

most primitive method of sowing crops. The broadcasting has several disadvantages.  

Seeds fall at different depths when broadcasted resulting in uneven stand.  

The disadvantages of this method are 

It requires more seed to be sown.  

Seeds fallen deep in the soil may not germinate.  

Due to broadcasting excess competition at certain areas and no competition at all in other areas takes 

place in the field. So, yield returns will be decreased.  

Water use efficiency and fertilizer efficiency will be decreased.  

There is no possibility of controlling weeds by inter cultivation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Drilling  

To overcome the problems of broadcasting drilling the 

seeds in lines has come into practice. Weeds can be 

controlled economically by inter cultivation in line 

sown crops. In addition, drilling or line sowing 

facilitates uniform depth of sowing resulting in 

uniform crop stand. Seed rate can be considerably 

reduced drilling.  

Planting  

When individual seeds or seed material is placed in the soil 

by manual labour, it is called planting.  

Generally crops with bigger sized seeds and those needing 

wider spacing are sown by this method. Eg : Cotton, Maize, 
Potato, Sugarcane, etc.  

Transplanting  

It is the process of planting seedlings in prepared 

main field. Small seeded crops like Tobacco, 

Chillies, Tomato, etc. are to be sown shallow and 

frequently irrigated for proper germination. 

Taking care of the germinating seed or seedlings 

which are spread over large area is a problem 

with regard to  

Broadcast method 
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application of water, weed control, pest control etc. Therefore, seeds are sown in a small area called 

nursery and all the care is taken to raise the seedlings.  

The advantages of transplanting saving in irrigation water, good stand establishment and increase in 

intensity of cropping. In respect to paddy the nursery is raised in small puddled plots and later 

transplanted in the main field at required spacing.  

 

Seed Rate 

The quality of seed required for sowing in a unit area of land. It is usually expressed in kg/ ha.  

Spacing: The distance between crop row (inter-row spacing) and between plants within the row (intra - 

row spacing) is referred as spacing. It is expressed in cms.  

Plant Population 

Number of plants maintained in an unit area of land is known as plant population/ density. 

Establishment of optimum plant population is essential to get maximum yield. When sown densely 

competition among plants is more for growth factors resulting in reduction of yield.  

Yield per plant decreases gradually as plant population per unit area is increased. The plant population 

densities vary with the type of soil and crop. Optimum plant population density has to be maintained 

for securing maximum yield.  

 

Nursery Raising  

When more than one crop is to be grown in a year on the same piece of land, the time occupied by each 

crop has to be reduced.  

The seedling growth in the early stages is very slow. Seedlings need 

extra care for establishing in the field because of their tenderness. 

Small seeded crops are to be sown shallow and frequently irrigated 

for proper germination.  

Taking care of the germinating seed or seedlings which are spread 

over large area is a problem with regard to application of water, 

weed control, pest control etc. Therefore, seeds are sown in a small 

area called nursery and all the care is taken to raise the seedlings.  

Transplanting  

Method  

Transplanting is usually done manually. In case of rice it is also done mechanically with transplantor 

provided the nursery is raised through dapog method.  

Time  

For achieving good results from transplanting, the seedlings are to be transplanted at optimum age and 

at proper depth. The age of seedlings for transplanting depends on crop and seasonal conditions.  

Equipment For Sowing  

Country plough (Akkadi), Seed drill, Ferti-cum-seed drill and Mechanical seed drills are generally 

used.  

 

Irrigation 

An adequate water supply is important for plant growth. When rainfall is not 

sufficient, the plants must receive additional water from irrigation. Various 

methods can be used to supply irrigation water to the plants. Each method has its 

advantages and disadvantages. These should be taken into account when 

choosing the method, which is best, suited to the local circumstances.  

A simple irrigation method is to bring water from the source of supply, e.g. a 

well, to each plant with a bucket or a watering can (see Figure 1).  

 

 

 

 

This can be a very time-consuming method and involves very heavy work. However, it can be used 

successfully to irrigate very small plots of land, such as vegetable gardens, that are close to the water 

source.  

More sophisticated methods of water application are used when larger areas require irrigation. There 

are three commonly used methods: surface irrigation, sprinkler irrigation and drip irrigation.  

Surface irrigation: basin irrigation  

 furrow irrigation  

 border irrigation  

Sprinkler irrigation   

Drip irrigation   

Rose cane 
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Surface Irrigation 

Surface irrigation is the application of water by gravity flow to the surface of the field. Either the entire 

field is flooded (basin irrigation) or the water is fed into small channels 

(furrows) or strips of land (borders).  

Basin Irrigation  

Basins are flat areas of land, surrounded by low bunds. The bunds 

prevent the water from flowing to the adjacent fields. Basin irrigation is 

commonly used for rice grown on flat lands or in terraces on hillsides. 

Trees can also be grown in basins, where one tree is usually located in 

the middle of a small basin. In general, the basin method is suitable for 

crops that are unaffected by standing in water for long periods (e.g. 12-

24 hours).  

Furrow Irrigation  

Furrows are small channels, which carry water down the land slope 

between the crop rows. Water infiltrates into the soil as it moves 

along the slope. The crop is usually grown on the ridges between the 

furrows. This method is suitable for all row crops and for crops that 

cannot stand in water for long periods (e.g. 12-24 hours).  

Border Irrigation  

Borders are long, sloping strips of land 

separated by bunds. They are sometimes called border strips.  

Irrigation water can be fed to the border in several ways: opening up the 

channel bank, using small outlets or gates or by means of siphons or 

spiles. A sheet of water flows down the slope of the border, guided by 

the bunds on either side.  

 

Sprinkler Irrigation 

Sprinkler irrigation is similar to natural rainfall. Water is pumped through 

a pipe system and then sprayed onto the crops through rotating sprinkler 

heads.  

 

Drip Irrigation 

With drip irrigation, water is conveyed under pressure through a pipe 

system to the fields, where it drips slowly onto the soil through emitters or 

drippers, which are located close to the plants. Only the immediate root 

zone of each plant is wetted. Therefore this can be a very efficient method 

of irrigation. Drip irrigation is sometimes called trickle irrigation.  

Micro-Sprinkler irrigation 

The micro-irrigation system comprise either small sprinklers and 

microjets or drippers designed to apply small volumes of water, for 

example 4, 8, 12 or more litres per hour, over an 8 to 10 hour period. The 

small sprinklers and microjets operate a few centimetres above ground 

level and the dripper lines are laid on the soil. 

This system is ideal for orchards, and selected vegetable and flower 

crops. It is well suited to the home garden and orchard, or small 

commercial operation. 

 

Micro-irrigation systems are easy to install, need some expertise to design, are not affected by wind and 

are very efficient. They can be readily automated. 

The inline dripper system has drippers located in laterals at regular intervals, for example 30, 45, 50 or 

100 centimetres. Many firms supply systems of specific dripper configuration with the drippers a 

regular distance apart. This system works well with vegetables and grape vines where the distance 

between plants is regular. A recent adaptation is to place the dripper lines under sheet plastic to further 

conserve moisture. Lines can be easily rolled-up for storage when not in use. 

 

Advantages of micro-irrigation  

Water savings. Conveyance loss is minimal. Evaporation, runoff and deep percolation are reduced as 

compared to other traditional irrigation systems. A water supply source with limited flow rates such as 

small water wells or city/rural water can be used.  

Energy savings. A smaller power unit is required compared to sprinkler irrigation systems.  

Weed and disease reduction. Because of limited wetted area from non-spray type of micro-irrigation, 

weed growth is inhibited and disease incidences reduced.  
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Can be automated. Fertilizers and chemicals can be applied with water through the irrigation system. 

Micro-irrigation systems can be automated which reduces labour requirements.  

Improved production on marginal land. On hilly terrain, micro-irrigation systems can operate with 

no runoff and without interference from the wind. The fields need not be leveled.  

Inter Cultivation  

It is an operation of soil cultivation performed in standing crop. It is also called as inter culturing. It 

facilitates good aeration, and better development of root system.  

 

Weeding  

Weeding is the process of eliminating competition of unwanted plants to the regular crop in respect to 

nutrition and moisture. So that crops can be grown profitably. It also facilitates other operations like 

irrigation and fertilizer application. The advantages of weeding are  

Conservation of soil moisture.  

Reduced competition for nutrients and water.  

Purity of seed can be maintained.  

Weed Control 

Preventive control is self-explanatory. It literally means to keep the weed or weeds from invading your 

land. Do this by inspecting your land for any unwanted or noxious weeds. Any plant that looks as if it 

should not be were it is may be a potential weed. Once a weed is found, eradicate it immediately. Do 

not let the weed have a chance to reproduce.  

 

Chemical Control 

Herbicides used properly by following the label and with common sense, are one of the main methods 

of control. Herbicides have several different modes of action. Before purchasing any herbicide, read 

the label to ensure that particular herbicide will do what you intend it 

to do. There are herbicides that will only effect broadleaf plants. Some 

will only effect grasses. These types of herbicides are called selective. 

Examples are 2,4-D, Banvel, Tordon, Poast and many more. Some 

herbicides are non-selective, that is they will effect all vegetation or 

most of it. Examples are Roundup, Arsenal, Spike and more. Some 

herbicides should not be used after the temperature raises a certain 

degree. All this is found on the label. Remember the label is a legal 

document and if not followed, can be the cause of litigation. Seek assistance before purchasing or using 

a herbicide if you are not absolutely sure of the use or purpose of the product. 

Biological Control 

 

Biological control is the use of living agents as a method of control. These 

agents can be; insects, bacteria, fungi,  or animals such as sheep, goats, 

cattle or horses. Some of these agents are very successful, while others are 

not so good. Most of these agents are limited to certain site criteria before 

they are effective. Inspect your land or site to make sure that the criteria is 

met before using any of these agents. Of course, the grazing animals do 

not have the limitations as the insects or other agents. Insects are 

expensive to purchase. Do not be misled by some who say insects are the 

cure-all for weed control. This is not true. Even with the successful insect control, it still takes years to 

see the results. In the mean time, the weeds are still reproducing. There has to be another control in 

place to keep the infestation in check until the insects can become established.  

 

Mechanical Control 

Mechanical control is the use of machinery, or any form of manual exertion 

(work) to control weeds. This includes the use of mowers, plows, chopping, 

etc. Mechanical control is very sensitive to timing to be effective. When you 

mow, plow or chop, it needs to be done at the correct stage of plants growth. 

Most mechanical control needs to be done several times during the growing 

season.  

Cultural Control 

Cultural control is probably the most sensible control method available to the agricultural community. 

It simply means to change something to make it harder for the weeds to grow or become established. 

Grazing, crop rotation, reseeding, fertilization, are all cultural practices that can enhance weed control.  

Harvesting & Threshing 

It is an operation of cutting, picking, plucking, digging or combination of these for removing the useful 

part or economic end product, part from the plant.  
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Time 

Crops can be harvested at physiological maturity or at harvest maturity. Crop is considered to be at 

physiological maturity when the translocation of photosynthates is stopped to economic part. If the 

crop is harvested early, the produce contains high moisture and more immature grains.  

The yields will be low due to unfilled grains. Late harvesting results in shattering of grains, 

germination even before harvesting during rainy season and breakage during processing. Hence, 

harvesting at correct time is essential to get good quality of grains and higher yields.  

 

Methods 

Harvesting is done by either manually or by mechanical.  

Manually 

Manual harvesting is practiced by cutting crop with sickle or knife. In 

some crops like Sugarcane, Millets, Paddy the crop is cut with sickles 

and knives. In some crops like Groundnut, tuber crops the plants are 

pulled and economic parts are separated. In other crops like Cotton, 

Chillies, and fruits the picking is practices to remove the economic parts 

like kappas, pods and fruits etc.  

 

Mechanically 

The combines are used to perform several operations such as cutting the 

crop, separating the grain from straw, cleaning the grain from chaff and 

transporting grains to the storage tank. Nowadays this is done 

exclusively for harvesting crops like Paddy and threshing paddy are 

used. Machines are now available for separating pods from the plants 

and also for shelling pods (decorticators) in respect to Groundnut crop.  

Likewise machines are available for threshing sunflower heads, shelling 

of castor capsules and sowing of grain.  

 

Drying and Processing 

Drying is a process by which moisture content from grain is reduced to safe limit. Drying is done either 

by using solar energy or by artificial heating.  

Processing is the conversion of the produce into a more finished condition before it is offered for sale.  

Cleaning 

The removal of foreign and dissimilar material by washing, screening, hand-picking, aspiration or any 

other mechanical means is known as cleaning. It is required to maintain the quality of the produce.  

Equipment 

Harvesting: Sickle, knife, combines, harvesters  
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Threshing: Bullocks, Tractors, Decorticators etc.  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Sources: 

www.ikisan.com/links/ap_cultivation.shtml 

www.ext.nodak.edu/extpubs/ageng/irrigate 

www.allman-sprayers.co.ik 

www.co.larimer.co.us 

Hand threshing 
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Kitchen Garden 
S. Kameswaran 

Introduction 

Vegetables occupy an important place in our daily life particularly for vegetarians. Vegetables are the 

only source to increase not only the nutritive values of foods but also its palatability.  For a balanced 

diet, an adult should have an intake of 85 g of fruits and 300 g of vegetables per day as per the dietary 

recommendation of nutrition specialists. But the present level of production of vegetables in our 

country can permit a per capita consumption of only 120 g of vegetables per day. Besides this, different 

factors like escalation in the price of agricultural inputs such as fertilizers and pesticides, transporting 

charges from the place of production to the market and middle men's profit during the change over 

from wholesale to retail market have pushed up the cost so that even a middle income family finds it 

extremely difficult to purchase the day to day requirements of vegetables. 

 

Kitchen Garden 

Considering the above facts, we should plan to 

produce our own vegetable requirements in our 

backyards using the available fresh water as well 

as the kitchen and bathroom wastewater. This will 

not only facilitate prevention of stagnation unused 

water which will be hazardous to our health 

through environmental pollution, but can be 

useful for successful production of our own 

requirement of vegetables Cultivation in a small 

area facilitates the methods of controlling pests 

and diseases through the removal of affected parts 

and non-use of chemicals. This is a safe practice, 

which does not cause toxic residues of pesticides 

in the vegetables produced. 

Kitchen Garden Site Selection 

There will be limited choice for the selection of a 

sites for kitchen gardens.  The final choice is usually the backyard of the house.  This is convenient as 

the members of the family can give a constant care to the vegetables during leisure and the wastewater 

from the bathrooms and kitchen can easily be diverted to the vegetable beds.  The size of a kitchen 

garden depends upon the availability of land and number of persons for whom vegetables are to be 

provided.  There is no restriction in the shape of the kitchen garden but wherever possible rectangular 

garden is preferred to a square one.  With succession cropping and intercropping, five cents of land 

would be adequate to supply vegetables for an average family of four to five persons. 

 

Land preparation 

Firstly a through spade digging is made to a depth of 30-40 cm.  Stones, bushes and perennial weeds 

are removed. 100 kg of well decomposed farmyard manure or vermicompost is applied and mixed with 

the soil. Ridges and furrows are formed at a spacing of 45 cm or 60 cm as per the requirement. Flat 

beds can also be formed instead of ridges and furrows. 

 

Sowing and planting 

Direct sown crops like bhendi, cluster beans and cowpea can be sown on one side of the ridges at a 

spacing of 30 cm. Amaranthus (meant for whole plant pull out and clipping) can be sown after mixing 

1 part of seeds with 20 parts of fine sand by broadcasting in the plots.  Small onion, mint and coriander 

can be planted/sown along the bunds of plots. 

Seeds of transplanted crops like tomato, brinjal and chilli can be sown in nursery beds or pots one 

month in advance by drawing lines. After sowing and covering with top soil and then dusting with 250 

grams neem cake so as to save the seeds from ants. About 30 days after sowing for tomato and 40-45 
days for brinjal and chilli and big onion the seedlings are removed from nursery and transplanted along 

one side of the ridges at spacing of 30-45 cm for tomato, brinjal and chilli and 10 cm on both the sides 

of the ridges for big onion. The plants should be irrigated immediately after planting and again on 3rd 

day. The seedlings can be watered once in two days in the earlier stages and then once in 4 days later. 

Kitchen Garden Lay out 

 

The main objective of a kitchen garden is the maximum output and a continuous supply of vegetables 

for the table throughout the year.  By following certain procedures, this objective can easily be 

achieved. 
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The perennial plants should be located on one side of the garden, usually on the rear end of the garden 

so that they may not shade other crops, compete for nutrition with the other vegetable crops. 

The adjacent to the foot path all around the garden and the central foot path may be utilised for growing 

different short duration green vegetables like Coriander, spinach, fenugreek, Alternanthera, Mint and  

 
Amaranthus.  Each of these greens can be grown on both sides of the footpath and these crops can be 

rotated in different seasons. 

The fence or trellises around the home garden may be utilised for growing light creepers like Basella, 
Coccinea, Sponge gourd and bitter gourd.  These may also be rotated in different seasons. 

The compost pits are placed in Four Corners of the garden.  They are meant for garden wastes and 

kitchen wastes.  Thatched shelters (pandals) may be erected over the compost pits and trained with the 

creeper vegetables like lablab and snake gourd.  This will hide the compost pits from view. 

Pandals may also be erected over the central footpath, climber varieties like pumpkin, bitter gourd etc. 

may be trained over them. 

Both the sides of the central footpath may be utilised for growing tomato plants with the support of 

stakes. 

The bunds separating the beds may be used for growing root crops or onion. 

The conveniently divided small plots could be utilised to produce higher quantities by following 

intensive cultivation.  This is possible by following continuous crop patttern in the form of succession 

and companion cropping. 
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Cropping pattern 

A cropping pattern, which may prove helpful for kitchen garden under Indian conditions (excepting hill 

stations) is suggested below. 

 

Plot No Name of the vegetable Season 

01. Tomato and onion 

Radish 

Beans 

Bhendi ( okra) 

June - Sep. 

Oct.-Nov. 

Dec.-Feb. 

Mar.-May 

02 Brinjal 

Beans 

Tomato 

Amaranthus 

June - Sep. 

Oct.-Nov 

June - Sep. 

May 

03. Chilli and Radish 

Cowpea 

Onion (bellary) 

Jun-Sep. 

Dec.-Feb. 

Mar.-May 

04. Bhendi and Radish 

Cabbage 

Cluster beans 

Jun.-Aug. 

Sep.-Dec. 

Jan.-Mar. 

05. Bellary Onion 

Beet root 

Tomato 

Onion 

June-Aug. 

Sep.-Nov. 

Dec.-Mar. 

Apr.-May 

06. Cluster beans 

Brinjal and beet root 

Jun.-Sep. 

Oct.-Jan. 

07. Bellary onion 

Carrot 

Pumpkin (small) 

Jul.-Aug. 

Sep.-Dec. 

Jan.-May 

08. Lab lab (bush type) 

Onion 

Bhendi 

Coriander 

Jun.-Aug. 

Sep.-Dec. 

Jun.-Mar 

Apr.-May 

(Interspace with Amaranthus) 

Perennial plot 

Drumstick, Banana, Papaya, Tapioca, Curry leaf and Agathi. 

It may be observed from the above crop arrangements that throughout the year some crop is grown in 

each plot without break (Succession cropping) and where ever possible two crops (one long duration 

and the other a short duration one) are grown together in the same plot (companion cropping). 

 

Economic benefits of gardening 

Gardeners feed their families first and then sell, barter or give away surplus garden foods. In certain 

contexts, however, income generation may become the primary objective of the home garden. In any 

case, it is counterproductive to impose the nutrition objective to the exclusion of the income generation 

objective, since in most contexts they are linked and compatible. 

The potential economic benefits of home gardening, include the following: 

gardening gives dual benefits of food and income generation;  

gardens provide fodder for household animals and supplies for other household needs (handicrafts, fuel 

wood, furniture, baskets, etc.);  

household processing of garden fruits and vegetables (drying, canning) increases their market value and 

ensures year-round supply;  

marketing of garden produce and animals is often the only source of independent income for women. 

Summary 

Food production systems by families are found in most countries worldwide. Kitchen gardens have a 

great diversity of crops, are well adapted to local microclimates and require a minimum of purchased 

inputs. Field crops provide the bulk of energy needed by the household, while the garden supplements 

the diet with vitamin-rich vegetables and fruits, energy-rich vegetable staples as well as condiments. 

Kitchen gardening contributes to household food security and nutrition by providing direct access to 

diverse foods that can be harvested, prepared and fed to family members, often on a daily basis. Even 

very poor and landless people can practice gardening since it may be done with virtually no economic 

resources. 

Resources: 

Kumar,N. 1997. Introduction to horticulture, Sixth edition, Rajhalakshmi Publications, Nagercoil. 
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Organic Farming And Alternative Composting Methods 

K. Perumal, J.Arunkumar and  V.Stalin 

Growing concerns about the environmental economic and social effects of chemical dependent 

conventional farming have led many farmers and consumers to find alternative practices that will make 

agriculture sustainable. Organic farming has been defined as an agricultural production system that 

avoids or excludes the use of synthetic fertilizers, pesticides, growth regulators and livestock feed 

additives. This system mostly depends on locally available plant/animal resources, crop rotations, crop 

residues, animal manures, legumes, green manures, organic waste and biological control of pest and 

disease management for qualitative and quantitative crop production by using indigenous seed material 

(not of genetically engineered origin). This method of organic farming focuses on high soil fertility by 

advocating organic compost (as organic manures) to enrich the soil living system, biopesticides for pest 

and disease control, indigenous seeds / vegetative clones for viable production. Organic farming 

technology is used as a general label for systems of agriculture like, alternative agriculture, ecological 

farming, Permaculture, biodynamic farming, biointensive agriculture, indigenous agriculture and 

sustainable agriculture etc. Organic farming is very much native to India. India and China are the two 

large countries contributing to the knowledge of organic farming. In India there are about 100 million 

families involved in agriculture, which accounts for about 25% of the global, farming population. Most 

of the Indian farmers are small holders or landless laborers cultivating on 0 to 2 hectares of land which 

is the sole source of income and livelihood. Therefore India should concentrate on minimising risks 

with maximum profit from the farm sector. Therefore organic farming practices are to be evolved to 

meet the demands of the different categories of Indian farmers. 

 

The soil is a living system consisting of living population of microbes such as bacteria, fungi, etc. and 

other organisms contributing to its fertility on a sustained basis. Soil fertility can be enhanced by 

addition of organic manures like compost, vermicompost, NADEP compost and bio-dynamic compost. 

The different composting techniques are outlined below: 

Chemical fertilizers for garden  

One of the precautionary measures to save your landscape is by application of chemical fertilizers. So 

here there is some information on chemical fertilizers for garden, also known as inorganic garden 

fertilizers, which can be helpful for your garden care.  

 

Some names of garden fertilizers 

The essential garden fertilizers useful for the healthy growth of plants are nitrogen, phosphorus, and 

potassium.  

Nitrogen (N) - is useful for the healthy growth of garden plants. It also sees to it that the vitamins are 

retained. 

Phosphorus (P) - provides resistance against disease and helps in the growth of roots and seeds.  

Potassium (K) - also resists germs and encourages growth of roots.  

 

Testing soil for fertilizers 

You need to test your garden soil to find out the adequate nutrients. Test your soil with the help of local 

fertilizer dealer, Natural Resources Conservation Service or Cooperative State Research, Education, 

and Extension Service. Select a fertilizer that has one-fourth of the nitrogen in a slow-release form, 

such as sulpher-coated urea. 

 

Application of chemical fertilizers 

Though not advisable but still here are some tips for the application of chemical fertilizers 

When the soil is moist put garden fertilizer and then apply water slowly. This helps the nutrients to get 

soaked in the soil and enter into the roots.  

Don't apply fertilizer before heavy rain, as it will wash away all the minerals.  

Use little amount of fertilizer in frequent intervals. 

Adjust your fertilizer spreader and be careful about the quantity of fertilizer spread at each area. 

Follow the instructions that are specified in the spreader. 

While scattering the fertilizer the ends of the lawn should be covered. 

Then go back and forth of the lawn and spray half of the prescribed amount. 

Before reaching at the end of the lawn close the spreader. 

Apply other half of the fertilizer from the opposite direction to the earlier one.  

Throw the fertilizer bags or containers in a prescribed legal manner to maintain a healthy environment.  

 

 

 



 50 

Organic manures 

It is well known established fact in these hi-tech modern days that nature is the only one, which 

provides the most harmless, nourished products. So why do we need to buy the infectious chemicals 

when you can easily get the natural fertilizer for your garden even without paying a single penny. The 

health of your landscape depends largely on the quality of soil and organic fertilizers are just apt for 

developing the quality of soil. In this section we are giving the steps of making compost, which is a 

type of organic fertilizer. 

Simple Procedure of making compost 

The easy method of making compost is by mounting the shredded leaves and grass clippings. Your 

compost is ready within the six months of summer.  

 

More planned procedure of making compost 

You can select a place for your piling of all the leftover things.  

You can make a strong compost bin of slatted wood or recycled pallets. 

Open on one side so that you can make whatever changes you need to do easily. Don't close the top.  

The two necessary items for this organic fertilizer are green remains and brown leaves and other 

leftover things. One part of the green should be mixed with one or two parts brown and this mixing will 

go on until it becomes damp.  

First put a layer of leaves, which is 4 inches thick and then put garden soil of 1 inch. Again then add 

two inches of green leaves or brown leaves alternatively.  

Mix it round and round with manure or spading fork after one week. You can also add kitchen green 

leftover and also eggshells to it. Mix the pile up and down at every week. Within two months your 

natural fertilizer will be ready. 

 

Organic Compost: Why compost?: Compost is one of nature's best mulches and soil amendments, and 

you can use it instead of commercial fertilizers. Best of all, compost is cheap. You can make it without 

spending any money. Using compost improves soil structure, texture, and aeration and increases the 

soil's water-holding capacity. Compost loosens clay soils and helps sandy soils retain water. Adding 

compost improves soil fertility and stimulates healthy root development in plants. The organic matter 

provided in compost provides food for microorganisms, which keeps the soil in a healthy, balanced 

condition. Nitrogen, potassium, and phosphorus will be produced naturally by the feeding of 

microorganisms, so few if any soil amendments will need to be added. 

Most gardeners have long understood the value of this rich, dark, earthy material in improving the soil 

and creating a healthful environment for plants. Understanding how to make and use compost is in the 

public interest, as the problem of waste disposal climbs toward a crisis level. Landfills are brimming, 

and new sites are not likely to be easily found. For this reason there is an interest in conserving existing 

landfill space and in developing alternative methods of dealing with waste. Don't throw away materials 

when you can use them to improve your lawn and garden! Start composting instead. 

Composting is a process of bringing together plant or animal wastes to speed up their decomposition to 

get nutrient rich organic manure called compost. Adding compost to the soil, improves water holding 

capacity, macro nutrients in the soil, drainage and aeration of soil - better aeration to root system, 

favors activities of soil micro flora & fauna, microbial diversity in the rhizosphere, improves soil 

structure, availability to natural antibiotics, and beneficial biotic substances. The ingredients for 

compost making are weeds/clippings and trimmings from grass and shrubs / leaves / vegetables / 

kitchen wastes / straw / chopped corn stalks / rock dust etc. with cow dung and soil. 

 

There are different methods available to do good composting to get organic compost. 

1. Shri N.D. Pandharipande method of composting (NADEP Method).  The method requires 

construction of a tank admeasuring 3m x 1.8 m or 3.6 m x 1.5 internally with 25 cm thick perforated 

brick wall all around in mud or cement mortar to a height of 0.9 m above ground.  The above ground-

perforated structure facilitates passage of air for aerobic decomposition.  The floor of the tank is laid 

with bricks.  The tank is covered above with a thatched roof.  This prevents loss of nutrients by seepage 

or evaporation and the contents are not exposed to sun and rain.  The ingredients for making compost 

are agro-wastes, animal dung and soil in the ratio of 45:5:50  by weight.  The ingredients are added in 

layers starting with vegetable matter followed by dung and soil in that order.  Each layer can be about 

45 kg vegetable matter, 5 kg of dung mixed in 70 l of water and 50 kg of soil so that 30 layers will fill 

the tank.  For convenience the number of layers could be reduced to half this number by doubling the 

quantities of ingredients in each layer.  Tree loppings and green manure crops can also be used to fill 

up the tank if sufficient farm wastes are not available at time.  The nutrients produced in the manure are 

absorbed by the soil layers thus preventing their loss.  About 22-50 1 of water is to be sprinkled twice a 

week after the tank is loaded.  The material loaded has to be left in the tank for about 100 to 120 days 

for complete decomposition of the material.  One tank can be used three times a year.  With production 
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of 3 tons to 3.5 tons of compost produced per cycle about 9 to 10 tons of compost can be made 

annually from one tank.  The compost can be stored for future use, preferably in a thatched shed after 

air drying and maintaining it at about 20% moisture level by sprinkling water when ever needed.  By 

following the procedures suggested above, the compost could be preserved for about 6 to 8 months. 

 

 

 

 

 

 

 

 

 

 

2.Indore method described by Albert Horward where  Indore Composing Method is an ideal system of 

preparing organic manure or compost which replaces chemical fertilizers and enhances the crop-yield, 

without any ill side-effects. Various cellulosic biomasses like stalks of cotton, maize, paddy straw, 

millet and the pulses can be used. (Ideally they should be chopped to a particle size below 2 inches) 

(Centre of science for villages, Magan Sangrahalaya, Wardha- 442 001, Maharashtra) 

Start building the heaps by laying a lattice of old branches at the bottom. Divide the base area of the 

heap into a 6 (roughly equal) transverse sections, five of which are filled and one left vacant. Make 

each section of 7 layers (figure 1) of 9 inch thickness. In a 9 inch layer, have 4 inches of dry waste, 3 

inches of green weeds and leaves, 2 inches of manure and a sprinkling of urine-earth-wood ash. (The 

layering process is illustrated in figure-2).  

Make ventilation holes after completing two layers of a section. Take a 6-8 ft long pole with a 2 inch 

diameter and probe vertically through the working, gradually increasing the size of the hole to 4 inches 

by waggling the pole. See that the pole remains in its position and ensure that the air- vent continues to 

the top of the completed section. The first pole should be at a distance of not more than 2 feet from the 

heap, with a maximum distance of 4 feet between two successive holes. Continue building of the 

section up to a height of 5 feet, after establishing the air vents. Build five sections in the similar 

manner, leaving the sixth one vacant (The sixth one is utilized while turning the heap). just after 

completion and again the next morning. 
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 The 

central 

portion 

of the 

compost heap gets heated to its maximum temperature, within one week of its completion. The material 

in the cooler region composts slowly and the weeds, seeds and diseased material may not be 

completely decomposed. Hence, it is vital to turn the heap so that the cooler top, bottom and sides get 

mixed back into the middle of the new heap, once the temperature at the centre begins to drop. Turning 

also facilitates thorough mixing of the ingredients and their aeration.  

Carry out the first turning two weeks after construction of the heap. Put the top 9 inches from section 5 

into the floor of section 6, mixing it in the process. Cover it with the next 9 inch layer and water it. Re-

establish the air vents before proceeding further. Switch section 4 to Section 5, once Section 5 is 

completely turned over into Section 6. Keep turning over each section into the next one, leaving 

Section - I blank (figure -4).  

Carry out the second turning after 3 weeks. A third turning is realized only if the original materials are 

recognizable, after 9 weeks. It takes around 12 weeks for final composting, though a little longer during 

monsoons. The final product has a pliable texture, an earthy smell and is dark brown or grey in colour. 

This matured compost is half of its original volume as it simply shrinks due to the cooling process.  

 

3.Heap method of composting: The vegetative dry/green biomass chopped, mixed, shredded 

thoroughly with an equal amount of fresh manure, pile the mixture into a heap measuring at least 1m x 

1m x 1m and covered with banana leaves or damaged gunny sacks. On 3rd or 4th day, the heap should 

be turned inside out and vice versa. Turn the heap at every two days thereafter. In 14-18 days the 

compost will be ready for use. 
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4. Vermicompost: Vermicomposting is a process by which earthworms convert organic biomass into 

fertile manure. Earthworms feed on different kinds of organic matter and excrete a black coloured 

granular cast called vermicast.  

Material required for vermicomposting is dry organic matter decomposed farmyard manure, organic 

waste, earthworms and water. One can use different tanks for vermicomposting like cement tank, either 

single or outer connected; soil pits of various sizes; stone lined pits wooden boxes, clay pot, buckets 

and outstanding heaps etc. The composting tank/pit should be in a manageable size like 180 x 120 x 90 

cms). Shade and some protection is required to do vermicomposting. The bottom layer (~ 5cm) is filled 

with course sand. The next layer (15 to 20 cms) is filled up of suitable soil collected from an area 

where earthworms grow. Large size adult worms of local origin are to be collected without injury, 

cleaned and to be introduced into the compost. At every 20 days of interval compost will be ready for 

harvest. 

                                          
 

5. Kitchen compost method: Using bamboo logs/pole into a box like structure can make a compost 

pile. Biomass like kitchen scraps, fresh vegetation, weeds, grass etc. can be used along with garden red 

soil. Biomass with proper proportion of nitrogen and carbon ratio is to be maintained along with proper 

aeration by turning the compost and to get good compost. 

           
6. Large scale community composting: Large Scale community compost piles can be made by using 

tractors equipped with front - end loaders. The biomass is shredded and mixed together, and piled into 

piles of 5 feet height. Periodical turning is required at an interval of 3 days; moisture content is to be 

maintained. 

7. Semi-Sunken composting: Clean the area and dig a pit 150 cm deep. Chop the composting material 

into small pieces. Mix them with manure at 5% ratio. Place the mixture in the pit until it reaches one to 

two meter above ground level. Cover the pile with straw, smear it with mud and add a layer of soil of 

top of the pile. Aeration are provided by making series of holes on the top of the finished pile. The 

compost will be ready for harvest in 30 to 60 days. 
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Biodynamic composting: Biodynamic farming is an added technology in organic farming, where the 

farm is a 'living whole' where all farm activities are inter related and influence each other. Careful 

observation and prudent management along with the use of biodynamic preparations can improve soil 

fertility, enhance the health of plants and crop yield. The use of the effect of planetary rhythms for 

deciding farm activities like planting calendar is helpful. The Biodynamic composting and preparations 

that includes: 

Cow horn manure (BD 500),  

Cow horn silica (BD 501) 

Biodynamic herbal preparations (BD 502 - BD 507) 

Cow pat pit (CPP) manure (cow dung, bore-well soil( or rock phosphate), egg shell, and lime powder) 

 

Liquid and green manure 

Tree paste (cow dung, garden red soil, clay soil, and CPP) 

Planning activities keeping planetary rhythms (as in the Indian Almanac) to improve plant health, soil 

fertility and weed control. 

Biodynamic compost by incorporating BD herbal preparations in to the compost. 
 

Cow horn manure (BD 500)  

BD 500 is known as cow horn manure. It is made from fresh lactating cow dung packed into cow horns 

and buried in a pit for 6 months. BD 500 is the prime starter of biodynamic agriculture, the most 

important of all the preparations. It contains the basic life forces and many beneficial bacteria and 

fungi. Chemically BD 500 was found an increase of nitrate nitrogen from 0.06% to 1.7 %. i.e. about 

28.31 times of original content. The microbial analysis of BD 500 revealed the presence of 40x105 

bacteria in nutrient agar, 2X105 Azotobacter in Burk’s medium, 2x105 Azospirillum, 8x105 fungi in 

Rose Bengal agar, 30x105 Rhizobium in YEMA medium was recorded. BD 500 is unique formulation 

activates and regulates the soil by increasing its humus and bacterial content. BD 500 also encourages 

earthworm activity and allows for better nourishment of the plants. The important effect of BD 500 is 

stimulation of root growth, particularly fine hair roots. 

Material required: Cow horn and Lactating Cow dung 

 

Preparation of BD 500 

Feed the lactating cow with quality fodders two days prior to collecting dung for BD500 preparation 

Prepare a pit of 18 inches deep and 5’x 5’ length and breath respectively for a capacity of 50 cow horn 

manure  (pit area should not be subjected to flooding, vigorous plant root systems or earthworms) 

Collect cow horn and remove paints if any 

Collect fresh cow dung (reasonably firm) 

Fill cow horns with cow dung  

Place horns in the pit, 1 inch apart with base downwards, surround with 50% compost & soil. 
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Fill pit with soil and keep for 6 months. 

Keep the pit soil moist and maintain the temperature below 30ºC  

After 6 months dig up one horn and observe for manure maturity. If the green colour cow dung has 

turned into a dark, smooth earthy smelling humus, lift the cow horn, collect the manure and store. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Storage of BD 500 

BD 500 should be stored in earthenware pots with loose fitting lids 

Store in dark and room temperature should not bet more than 25ºC.  

 Application of Cow horn manure (BD 500) at the field 

25 gram of BD 500 shall be added in 13.5 liters of water or pure warm water.  

Stir for 60 minutes alternatively clock wise and anti- clock wise forming a vortex. 

Spray BD 500 on the land in the morning or evening, when moon is descending. Spray four times a 

year  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Importance of BD 500 

Enhances strong humus formation in the soil 

Increase in all soil bacteria 

Increase in the mycorrhizal fungi and their hypae 

Improved crump structure and resultant important in soil tilth 

Earthworm activity is increased  

Adsorption and retention of water is greater  

A deep rooting system is developed in all plants. 

Sprinkling of BD500 on the land before and after cultivation 

1. STUFF COW HORN WITH COW 

3 Cow horn with fresh cow dung and BD 500 harvested 

after 120 days of incubation  

2 Place the cow horns in the pit 
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It will work equally well in any soil type, clays volcanic, peat silt or weathered silica.    

Cow horn silica  (BD 501)  

BD 501 is called as cow horn silica preparation, and is made from silica quartz crystals that have been 

ground into fine powder and buried in the ground during summer time. 

 

Material required: Lactating Cow Horn and Silica quartz powder 

Preparation 

Crush silica quartz using a mortar and pestle or hammer. 

Grind to a fine powder between 2 plate glasses 

First glass    - 12'' square and 9mm thick with a wooden frame 

Second glass- 4'' square glass plate mounted in a wooden block (handle)   

Ensure that the quartz dust is not inhaled as it could lead to silicosis. It is advisable that masks are 

provided while making the preparation.  

Moisten with water to make a stiff paste. 

Fill horn with the silica paste. 

Place horns in burial pit, 1 inch apart with base downwards, surround with 50% compost & soil. 

Keep burial pit soil moist and shaded at temp of approximate 30º C. 

Application 

Spray BD 501 in early morning 6-8 a.m. at sunrise during ascending moon or moon opposition Saturn 

Add 1 g of BD 501 in 15 litres of warm quality water 

Stir for 1hour before sunrise alternatively clock wise and anti- clock wise forming a vortex. 

Spray BD 501 above the plants using a low-pressure sprayer. Spray into the air to fall as a gentle mist 

over the plants. 

As a general rule, spray twice during the planting cycle: at the beginning and again just before harvest. 

Storage 

Store in a glass jar with a loose fitting lid, placed in an open area exposed to sunlight, upto 3 years. 

 

Importance of BD 501 

Enhance the photosynthetic activity of plants 

Strengthen   the plants against some fungus and bacteria attack. 

Improve quality of vegetables 

Improve taste of plant products  

Increase self life of vegetables 

Increase flowering of plant when it spray at the time of before start flowering 

Preparations of cow pat pit manure (CPP) 

 

Manure from a cow pat pit is a useful vehicle or medium for spreading the influence of herbal 

preparation such as BD 502-507 in the compost. The lactating cow dung, crushed eggshells and rock 

phosphate are mixed thoroughly and added with herbal preparation in a defined pit. CPP provides 

nutrient and stimulate plant growth by enhancing microbial population and protecting against fungal 

disease. CPP manures as tree paste stimulated numerous young buds in tea plantation. It has been 

found that, the CPP has nitrogen content of 0.092%, phosphorus of 6.84%, potassium of 4.68% and 

organic carbon of 16.4%.  CPP had a pH of 8.6 and EC 0.11 %. CPP analyzed for determination 

growth hormones revealed the presence of   IAA 28.6 mg /Kg, Kinetin 7.6 mg /Kg , GA3
 23.6 mg /Kg 

and absence of ABA. The microbial analysis shows that 4.8x106bacteria in nutrient agar, 0.8x106 

Azotobacter in Burk’s medium, 0.2x106 Azospirillum, 1.1x106 fungi in Rose Bengal agar and 1.9x106 

Rhizobium in YEMA medium.  

 

Materials required for preparation of CPP: 

Fresh cow dung 60 kg from a lactating cow for Trace elements& Nitrogen 

Crushed fine egg shells 100gms/ Calcium 

Bore well soil/ blue granite dust 100gms (SiO2 and minerals) 

3 set of BD 502- 507. (3 gm each BD 502-506and 30ml of BD 507). 

Preparation process 

Add water by sprinkling it over the cow dung if dry.  

Sprinkle the eggshell and the bore well soil over the cow dung and mix it for 1hour. 

Construction a pit with 2feet width 3feet length and 1feet deep. 

Place the dung into the pit to a height of six inches. 

The dung should not be tightly packed. Make six holes (50mm) in two rows after gently patting the 

dung in to the pit. 

The BD preparations such as 502-506 are then placed with a handful of compost in to the holes.  
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30ml of BD 507 is added into 1000ml water and stir for 30 minutes. The BD 507 solution is sprinkled 

over the entire pit (pit area should not be subjected to flooding, vigorous plant root systems or 

earthworms) 

Wet gunny bags are placed over the cow pat pit to maintain moisture. The pit should be in a well-

shaded and aerated area.  

A shed may be constructed if desired. The material is forked once in 30 days and the maturity will be 

achieved in 3-4 months. 

Stepwise process of Cow Pat Pit preparation 

3. Patting for 1 hr 2. Eggshells powder in cow dung  1. Collect cow dung and mix 

Basalt  

4. Pit digging (2x3 feet) 
6. Layering with fertile soil  

5. Bricks layering 

arrangement 

7. Make holes for inoculation of 

preparation 
8. Inoculation of BD herbal 

preparation 

9. Stirring the BD 507 

(valerian) preparation 

10. Sprinkling 

BD507 

11. Close preparation holes 12. Cow pat pit 
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4. Bio-dynamic herbal preparation details  

 

 

 
5. Biodynamic compost preparation  

 

Manuring in general should aim at the production of permanent humus in the soil. This is the purposes 

and result of using well-made compost. Most of the crops need soil that will maintain and sustain the 

humus content, microbiological life and earthworm activity. This can be achieved through the 

followings: 

Details Effect on plants Medicinal value Time of burial to 

lifting. 

BD 502 

Herb: Yarrow 

Achelia milifolium 

Planet: Venus 

Attracts trace    elements from 

the cosmos. Made into into a 

liquid manure provides 

selenium. Compost prepared 

using yarrow will provide 

potash and 

sulphur 

 

Liver problems can be 

cured. Introduced into 

cattle fodder /plant in 

paddocks 

 

Preparation is to 

process in March to 

get cosmic 

influences. Bury 

from September to 

March in mud post 

with earth inside 

BD 503, Chamomile 

Matricarla recutita  

Planet: Mercury  

 

Regulates the  

decomposition 

plant protein 

preservation of  

nitrogen and  

provide calcium 

 

Mild sedative used  

for teething of children. 

Helps in  

digestion as a tea 

Used to prevent meat 

from going bad. 

 

Bury in October 

and of let it remain 

in the soil till 

February/ March. 

BD504,  

Nettle, 

Urtica dioreca  

Planet: Mars  

 

Iron is important  

 for plant 

chlorophyll and  

helps strengthen  

plants. Provide 

magnesium and sulphur. Good 

for humus formation. 

Consumed as soup  

 rich in iron.  Leaves 

stimulate  liver  the activity 

 

Harvest leaves in 

May and 

September. Lift the 

preparation after a 

year. 

 

 

BD504 

The oak bark  

Quercus incana  

Planet: Mars and Moon 

 

The oak bark  

Provides a connection between 

Moon, the living and dead. This 

is very effective against plant 

diseases. 

Not known  September/March. 

 

 

BD505 

The oak bark  

Quercus incana  

Planet: Mars and Moon 

 

The oak bark  

Provides a connection between 

Moon, the living and 

dead. This is very 

effective against plant diseases. 

Not known September/March. 

 

BD506, 

 Dandelion, Taraxicum  

officinalis  

Planet: Jupiter  

This provides silica  

for plant  

development. 

Leaves stimulate 

liver  

activities. 

 

September/March. 

BD 507 

Valeriana officinalis 

Planet: Saturn 

Provides phosphorus 

and has warming effect. 

 

Acts as a good  

sedative. 

September/March. 
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Sensible and careful cultivation avoiding excessive use have the rotary hoe or Cultivation in unsuitable 

weather. 

Crop rotation, the use of green manure crop, planting of deep rooting permanent pasture and following 

the land as appropriate. 

Incorporation of well made compost. 

 

Material required for Compost making 

Nitrogenous material  - Having high nitrogen content such as 

Fresh cow dung, 

Fish waste, 

Kitchen waste, 

Green plant materials 

Carbonaceous materials  -More stable and having a high carbon content such as 

Hay 

Straw, 

Shredded prunings, 

Saw dust and Other wood waste 

Dried seaweeds, maize stalks and leaves. 

 

Physical conditions required for compost making 

Moisture: This should be even throughout. If necessary, add water during construction -not afterwards. 

Squeeze a handful of material- it should be like a moist sponge, where water can just be squeezed out. 

Air: An adequate air supply is essential to encourage right kind of bacteria. Too loose a heap, with too 

much air will work vigorously for short time, release ammonia and then become dry and inactive. Too 

firm a heap, with insufficient air will smell putrid and sour. V-shaped tunnel or tied bundle of twigs 

running the length of the heap will help bring sufficient air. 

Warmth: The optimum temperature results from the right balance of water, air and materials. As the 

heat is produced primarily from the breakdown of the nitrogenous materials, too much of these will 

make it over-hot, causing nutrient loss to the air or stopping the breakdown process. Too much water 

and insufficient nitrogenous material, makes for a cold heap that leaches out nutrient, while a dry one 

heats up for a short time, and then becomes cold and inactive. The aim is heating up vigorously within 

two to three days and then gradual cooling over a some weeks. Turning after 15 day once will re-

stimulate the warmth process, but less intensely and for a shorter period of time. 

 

Step wise Building a compost heap      

Step 1: Measure and mark a rectangle, which will be the size of the compost heap. This should be 6' 

wide and 15' long. Place the wind tunnel in the middle of the rectangle lengthwise. 

Step 2: Make the first layer of thoroughly drenched dry matter. This first layer should fit the rectangle 

and it should have a height of approximately 9''. 

Step3: Apply cow dung slurry in the form of thick paste to cover the dry matter completely. 

Step 4: Cover the layer made in the step above with green matter. The height of this layer should be 

approximately 6''. Sprinkle this layer with finally crushed slaked lime. Lime not only helps in 

enhancing the decomposition of green matter; it also brings cosmic forces to act on the heap.  

Step 5: Repeat the preceding two layers twice more [There should be 6 layers at the end of this step]. 

The height of the compost heap would now be approx. 40'' to 45''.  

Step 6: Repeat the dry matter layer and after pasting the top with cow dung slurry as has been practiced 

in previous dry matter layers, sprinkle 8 to 10 kgs of either finally crushed bone meal or powered soft-

rock phosphate.  

Step 7:  After covering the dry matter layer mentioned in Step 6 with another layer of green matter and 

slaked lime, finished the top off with a 6'' layer of dry matter.  

Step 8: As the compost heap rises, it will slope inwards from all of four sides, but ensure that the 

finished top layer is approximately 4' wide and 12' long. The slope thus imparted will assist in the 

process of plastering and will provide approximately 2.5 to 3.0 metric tones of finished compost.  

Step 9: With a mixture made of 1/3 soil + 1/3 clay + 1/3 cow dung, plaster over the heap starting from 

4'' above the base. The gap left at the base coupled with the air tunnel provided by the wind tunnel will 

allow sufficient flow of air into the heap during process of decomposition. 

Step 10: Take 10 grams of each preparation 502 to 506 and placed them individually in the middle of a 

ball of cow dung. The diameter of the ball should be around 1.5''.  

Step 11: Place each of these 5 balls containing the preparation in the middle level of the heap along the 

longitudinal two sides. Balls containing 502,503,504 on one side and balls containing 505 and 506 on 

the opposite side. These balls should be placed equidistant from each other leaving atleast 2' from 

either edge. The ball should be inserted to the depth of between 1' to 1.5'.  



 61 

Step 12: Take 10 ml of preparation 507, which is a liquid, and mix it with 1 liter of clean water and stir 

it vigorously in both clockwise and anticlockwise direction for 10 minutes. 

Step 13: Puncture the top of the plastered compost heap randomly at 5 or more places to ensure 

uniform coverage. Pour 80 % of the stirred 507 equally into the puncture holes. Now seal the puncture 

holes with the plastering material. 

Step 14: Take the remaining 20 % of the stirred 507 and sprinkle it evenly on all the four vertically 

surfaces of the plastered compost heap.  

Step 15:  During the next 6 weeks ensure that the compost heap does not dry up. In order to do this, 

periodically, after the first week puncture the top of the heap, pour in 3 to 4 bucketful of fresh water 

and immediately seal the punctures. Simultaneously as the heap settles and cracks appear in the plaster, 

ensure that these cracks are immediately mended by sealing them with slurry of the plastering material.  

Step 16: At the end of 6 weeks break open the compost heap. Mix it thoroughly. After wetting it, 

rearrange the heap around the original tunnel and plaster it once more. 

Step 17: Continue to ensure the precaution regarding drying out of the compost heap and mending of 

the cracks in the plaster, around the heap. At the end of another 6 weeks i.e. total of 12 weeks the 

compost is ready for use. 

 

Importance of biodynamic compost (BD compost) 

Increase the humus content of the soil, Enhance the earthworm activity 

Helps in increasing microbial population in soil. Supply all essential plant macro and micronutrient for 

long duration and Improve the soil fertility and water holding capacity 

 

6. Liquid manure preparation 

Today liquid biofertilizer is not popular due to the non-availability of suitable liquid fertilizers. As far 

as chemical fertilizers are concerned, recent advances in technology have brought in new generation 

highly water soluble, low salt index NPK and micro nutrient synthetic fertilizers. Their performance is 

superior to DAP, Urea and MOP. Research is going in agriculture Universities to establish protocol for 

foliar fertilization with these new hi-tech synthetic fertilizers.  Liquid manures provide trace elements 

to the soil and plants.  

Materials 

Cow dung (Ca, N, trace elements) 

Local weeds (organic matters, N, trace element) 

Seaweeds (minerals) 

Fish meals (potash, nitrogen) 

Legume trees (nitrogen) and Neem cake (nitrogen and mineral) 

Preparation process 

Procure plastic drum of 200 liters capacity (food grade) 

Add 25 kgs of green leaves  

Add 60 kg of cow dung and stir to make slurry 

Fill drum with 100 liters of water 

Place each 3 grams of BD 502-506 in a decomposed leaf in the drum 

Float these leaves containing BD 502-507 in the drum 

Take 30 ml of BD 507 in 100 ml of water and rhythmically shake BD507 for 10 minutes  

Pour ½ BD 507 solution into the drum 

Sprinkle the remaining BD507 over and around the drum in a clockwise direction 

If green leaves floats, place 4 bricks on top of leaves 

Cover drum with gunny sacks or open shed roof  

Every 2 weeks interval stir for 1-2 minutes for upto 3-4 months 

Green leaf liquid manure mature within 3-4 months, cow dung manure mature within 3 months and 

fishmeal manure mature within 6 months. The entire process should be allowed to ferment until it 

smells good. 

Application 

Apply the liquid manure 2 days before the full moon, in the evening 

Use a dilution of 1:10 i.e. 4 liter liquid manure into 40 liter water and mix thoroughly 

Mix solution for 1 hr, stirring alternatively clockwise and anti-clockwise,  

Spray- 44 liters of liquid manures/acre  
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Importance of liquid manure 

Use as a foliar feed to plants 

Liquid manure act as insecticide, pesticide and fungicides 

It supply essential nutrients to plants  

8. Peppering  

The weed/ seed are collected and burnt. Collect the ash and dissolved in water. The ash and water is stir 

for 30 minutes and spray on the land. This process will control the weed problems during cropping. 

Materials 

1. Fertile mature seeds of weeds that have grown out of control  

2. Roots of overzealous creepers, e.g. morning glory  

 

Preparation Process  

Collect seeds/roots in advance and store.  

Up to 2 days prior to a Full Moon day, light a wood fire.  

Place seeds/roots into a small tin.  

Place tin in the fire. 

Burn seeds/roots until black. 

Collect the ash and grind with a mortar and pestle 10 minutes until smoothly ground.  

 

Application Process  

Put 10 gm ash in a bucket of sand  

Mix well and sprinkle over affected or 

Potentize ash to Dilution of 6 times / 8-time dilution 

Spray every 3 to 4 months for effective weed control. 

Green manuring: The technique of green manuring is practiced by incorporating locally available 

weeds like leguminous, cruciform and composite plants etc. to the soil where the seeds are to be 

collected and grown on the soil for a month before incorporation into the soil. Care must be taken while 

practicing green manuring during incorporation to the soil. 

Bio-fertilizers: The term biofertilizers include a wide variety of micro organism which independently 

(or) in association with higher plants augment the availability of plant nutrients in the soil. The 

organisms responsible for the processes of biological nitrogen fixation, solubilisation of insoluble 

phosphorus compounds, mobilization of soluble phosphate, production of plant growth promoting 

substances and bio concentration of such nutrients as iron constitute this special class of microbes. Bio-

fertilizer when applied to soil produces certain compounds due to its metabolic activities and these in 

turn have beneficial effects on plants. Bio-fertilizer could also be called as bio-inoculants. This most 

important biofertilizers are Rhizobium. Azotobacter, Azospirillum and Acetobactor species. The blue 

green algal Azolla and mycorrhizae are also incorporated for its ability to be a bio fertilizer. Nitrogen 

fixing Rhizobium sp. increases the nitrogen supply to the crops, but the phosphate solubilizers, and 

mycorrhizae etc are mobilizing nutrients already present in the soil. 
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Vermicomposting 

S. Kameswaran 

Introduction 

Wastes are nothing but misplaced resources. A large volume of organic matter is generated from 

agricultural activities, dairy farms and animal shelters which are usually dumped in corners where it 

putrefies, usually emanating foul smell. This valuable resource can be utilised by properly composting 

it into a value-added end product called manure. The chief objective to is compost organic wastes not 

for the disposal of solid organic wastes but to produce superior quality manure to feed our 

“nutrient/organic matter hungry” soils. 

 

Defining the Processes  

Composting is an accelerated biooxidation of organic matter passing through a thermophilic stage (45 

to 650C) where microorganisms (mainly bacteria, fungi and actinomycetes) liberate heat, carbon 

dioxide and water. The heterogeneous organic material is transformed into homogeneous and stabilized 

humus like product through turning or aeration.  

Vermicomposting is also a biooxidation and stabilization process of organic material that, in contrast to 

composting, involves the joint action of earthworms and microorganisms and does not involve a 

thermophilic stage. The earthworms are the agents of turning, fragmentation and aeration.  

Application of composting and vermicomposting has often been unsuccessful due to the mythology 

that these are "natural processes" and need little management. Successful composting and 

vermicomposting require adequate processing systems and control criteria. Moreover, research in 

vermicomposting is not developed to the same level as for other composting methods; it is necessary to 

know and understand the whole process better in order to make it more efficient.  

 

Advantages of Vermicomposting  

Organic wastes can be broken down and fragmented rapidly by earthworms, resulting in a stable 

nontoxic material with good structure, which has a potentially high economic value as soil conditioner 

for plant growth. Vermicompost is a finely divided peat like material with excellent structure, porosity, 

aeration, drainage and moisture-holding capacity. Low, medium and high technology systems are 

available. The low-tech systems can be easily adapted and managed on small farms or livestock 

operations. Vermicompost supplies a suitable mineral balance, improves nutrient availability and could 

act as complex-fertilizer granules. As with the composting process, vermicomposting provides a great 

reduction in waste bulk density, although this tends to take longer.  

Preliminary research in our laboratory showed that vermicomposting involves great reduction in 

populations of pathogenic microorganisms, thus not differing from omposting from this point of view. 

Generally it is accepted that the thermophilic stage during the composting process eliminates the 

pathogen organisms, but we have shown that pathogens are eliminated during vermicomposting. As an 

aerobic process, composting leads to a nitrogen mineralization and the use of earthworms in 

vermicomposting increases and accelerates this nitrogen mineralization rate. The humification 

processes that take place during the maturation stage of composting are greater and faster during 

vermicomposting. Vermicomposting may also bring about a greater decrease of bioavailable heavy 

metals than in the composting process, and there is evidence that the final product may contain 

hormone like compounds, which accelerate plant growth.  

The application of composting and vermicomposting processes to waste management has sought 

generally to obtain products, which are commercially valuable. For this reason, many of the other 

possibilities they offer have been disregarded and left unstudied. We consider it to be of utmost 

importance to apply one of these two processes in order to stabilize organic wastes, at the same time 

managing to solve, or at least minimize, the environmental problems arising from their disposal, 

without needing in many cases to complete the process. Alternatively, if the composition and 

characteristics of the waste to be treated will allow, the processes may be taken to completion so that 

the end products are of better structure and utility.  

The conventional composting process is suitable for the rapid treatment of large amounts of wastes, in 
order to eliminate contamination problems more quickly than the traditional vermicomposting systems 

and is currently widely utilized in this way. However, the newer, and at the moment not fully 

established, vermicomposting continuous reactor systems seem to be equally applicable to large scale 

processing. Traditional batch and bed vermicomposting systems may be an alternative way to manage 

wastes produced on a smaller scale in order to eliminate those problems and at the same time obtain a 

valuable organic fertilizer. Vermicomposting, either small scale or large scale, may have an important 

role to play in animal waste management and we think that both vermicomposting and composting are 

not necessarily mutually exclusive; both systems could be used in sequence to take advantage of unique 

and valuable features of each.  
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Where to get organic biomass to produce large volumes of manure to meet the demand? 

In India, domestic waste is mostly organic, and at an average is about fifty per cent of the total waste. It 

is estimated that each household produces not less than 200 Kg of organic solid wastes per year.  Most 

towns and cities in India do not have proper waste management systems and untreated solid waste is 

generally dumped in landfills or on the roadsides and the liquid wastes are discharged into rivers or 

seas. This can be put to good, productive use rather than being thrown into the bin from where it makes 

its way to overloaded landfills. These wastes have to be considered a resource to produce manure for 

the soils. Other sources are garden litter, wastes from animal shelters as well as dairy sheds etc. 

 

Vermicomposting using local varieties of earthworms: 

About two thousand five hundred species of earthworms have been identified in the world of which 

more than five hundred species of earthworms have been identified in India. Diversity of earthworm 

species varies with different types of soils and hence choosing a local or native species of earthworm 

for the local soil and for vermicomposting is an important step. There is no need to import earthworms 

from elsewhere. Local species of earthworms that are generally used in India are Perionyx excavatus 

and Lampito mauritii. These earthworms can be cultured or used in composting applying simple 

procedures either in pits, crates, tanks, concrete rings or any containers. 

 

How to collect native earthworms? 

Identify worm-inhabited soils marked by visible earthworm castings on the soil surface. 

Dissolve 500gm jaggery (native sugar) and 500gm fresh cattle dung in 2 litres of water and sprinkle on 

an area 1m x 1m surface soil.  

Cover with straw lumps and cover with an old gunny bag.  

Keep sprinkling water for about 20 to 30 days.  

A combination of epigeic and anecic native worms will aggregate here that could be collected and 

used. 

 

Preparation of Compost pit 

Compost pit of any convenient dimension can be dug in the backyard or garden or in a field. The most 

convenient pit of easily manageable size is 2m x 1m x 0.75m. Alternatively tank may be constructed 

with brick and mortar with proper water outlets. A plastic crate (60 cm x 30 cm x 30 cm) with holes 

drilled at the bottom or empty wooden crates (deal wood boxes/apple cases) or well rings made of 

cement of 75 cm diameter and 30 to 45 cm height can also be used with slight modifications. If nothing 

is available then four worn out car-tyres can be placed one above the other and composting started in it. 

To make it simpler it can also be done in a 25-litre bucket.  

 

Preparation of Vermibed 

Vermibed (vermes= earthworms; bed= bedding) is the actual layer of good moist loamy soil placed at 

the bottom, about 15 to 20 cm thick above a thin layer (5 cm) of broken bricks and coarse sand. 

Earthworms are introduced into the loamy soil, which the worms will inhabit as their home. 150 

earthworms (a combination of epigeics and anecics) may be introduced into a compost pit of about 2m 

x 1m x 0.75m, with a vermibed of about 15 to 20 cm thick.  

Handful-lumps of fresh cattle dung are then placed at random over the vermibed. The compost pit is 

then layered to about 5 cm with dry leaves or preferably chopped hay/straw. For the next 30 days the 

pit is kept moist by watering it whenever necessary. The bed should neither be dry or soggy. The pit 

may then be covered with coconut or Palmyra leaves or an old jute (gunny) bag to discourage birds. 

Two tank system 

Two tank system 

Four tank system 

Two tank system 
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Plastic sheets on the bed are to be avoided as they trap heat. After the first 30 days, wet organic waste 

of animal and/or plant origin from the kitchen or hotel or hostel or farm that has been pre-digested is 

spread over it to a thickness of about 5 cm. This can be repeated twice a week. All these organic wastes 

can be turned over or mixed periodically with a pickaxe or a spade. Regular watering should be done to 

keep the right amount of moisture in the pits. If the weather is very dry it should be dampened 

periodically.  

Forming vermibed  

 

 

 

Container/Tan
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Vermicomposting using exotic species of earthworms: 

Exotic species of earthworms have also been used in India for vermicomposting. Internationally two 

exotic species of earthworms have received acclaim for vermicomposting, they being Eisenia fetida 

and Eudrilus eugeniae. 

 

When is the compost ready?  

The compost is ready when the material is moderately loose and crumbly and the colour of the compost 

is dark brown. It will be black, granular, lightweight and humus-

rich. In 60 to 90 days the compost should be ready as indicated 

by the presence of earthworm castings (vermicompost) on the 

top of the bed. Vermicompost can now be harvested from the 

bin/pit. To facilitate separating the worms from the compost, 

stop watering two to three days before emptying the beds. This 

will force about 80 per cent of the worms to the bottom of the 

bed. The rest of the worms can be removed by hand, and are 

ready to be dumped into the next round of compost making. The 

earthworms and the thicker material, which remains on top of the 

sieve, goes back in the bin and the process starts again. The smell 

of the compost is earth-like. Any bad odour if formed is a sign that fermentation has not reached its 

final goal and that the bacterial processes are still going on. A musty smell indicates the presence of 

mold or overheating which leads to loss of nitrogen. If this happens, aerate the heap better or start 

again, adding more fibrous material and keeping the heap drier. The compost is then sieved before 

being packed. . The harvested material should be placed in a heap in the sun so that most of the worms 

move down to the cool base of the heap. Now, the vermicompost is ready for application. 

 

Use of the finished compost?  

Vermicompost, or worm castings, provides nutrients to plants 

and helps the soil hold moisture. Compost can be used in 

fields, farms and gardens, around shrubs, bushes and trees and 

for potted plants. Compost can be spread on the top of the soil 

and hoed in lightly to encourage the surface soil life. Roots 

from tender plants are then able to reach the compost and draw 

out its nutrients.  

Growth trials indicate vermicompost has a more beneficial 

effect on plants than compost produced without worms, 

although the reasons for this are still not entirely understood.  

Vermicompost can be used in a number of different ways:  

Mix it into the seed row when planting.  

When transplanting, add a handful of vermicompost to the hole you have dug for the plant.  

Use as a top dressing, placing a layer of vermicompost around the base of plants. 

Mix with potting soil and sand (1/3rd each) for house plants/gardens.  

Give away some (with the worms still in it) to someone else who wants to start vermicomposting. 

Vermicomposting is easy to practise, is ecologically safe and economically sound. 

Sources : 

MCRC Monograph on “Composting Through Earthworms”.  

Ismail S A, (1997) Vermicology the Biology of earthworms. 
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Mushroom Cultivation 
K.Perumal ,E.Sumathi and S.Chandrasekarenthiran 

INTRODUCTION 

Mushrooms or fungi do not contain chlorophyll; they feed on plants or animal matter. Some 

mushrooms feed only on dead matter while others feed on living plants or animals, which they 

sometimes harm or benefit. Mushrooms need a controlled environment with appropriate humidity, 

light, temperature, ventilation, air pressure, pH and nutrients. They also need a disease free 

environment.  

Uses for mushrooms 

Mushrooms can be used as food (fresh, snacks, sweets...) as medicine and for industrial purposes 

(coloring, adsorbents...).  

 

Nutritional values in mushrooms 

Mushrooms provide high protein and essential amino acids. Low in fat and high in fiber, they also 

provide vitamins thus stimulating the immune system. It also supplies high levels of protein and 

vitamins. Normally, one adult can consume about 200-800 gram per day. For elderly people and 

children, 200 and 500 grams are sufficient.  

Table 1. Nutritional values of mushrooms (a few examples)  

 

Minerals 

Vitamins  

Variety 

Water 

gm 

Calories 

Calories 

Fats 

gm 

Carbohydrate 

Gm 

Proteins 

gm 

Fiber 

gm 

Ashes 

Gm 

Ca 

mg 

Fe 

mg 

P 

mg 

Vit. 

B1. 

mg 

Vit. 

B2. 

mg 

Vit. 

C 

mg 

 

Oyster 

mushrooms  

 

90.7 

 

 

32.4 

 

0.043 

 

5.67 

 

2.13 

 

0.396 

 

0.54 

 

1.32 

 

1.08 

 

55.76 

 

0.004 

 

0.06 

 

0.82 

Ear mushrooms  

90.30 

 

30.96 

 

0.013 

 

6.94 

 

0.77 

 

1.474 

 

0.32 

 

27.96 

 

3.09 

 

16.96 

 

0.001 

 

0.09 

 

- 

 

Straw 

mushrooms 

 

89.9 

 

32.4 

 

0.071 

 

4.75 

 

3.16 

 

0.59 

 

0.99 

 

5.56 

 

1.27 

 

105.8 

 

0.011 

 

0.014 

 

0.67 

. 

Health properties of mushrooms 

 

 Termitomite sp. Good for brain and memory 

 Volvariella volvaceae Heal wounds 

 Auricularia sp. Clean lungs 

 Agaricus sp. Increase mother’s milk 

 PleuroPleurotus sp. Decrease muscle malpighia 

 Flammulina velutipes Good for liver 

 Agrocybe cylindraceae Good for kidney and urine 

 Lentinus sp. Control the whole body system  
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Life cycle of mushroom 

 The mycelium living buried in soil or substrate, and mushroom (or fruit body), which appears above 

ground or substrate, are made-up of tiny thread-like 

tubes called “hyphae. Mycelium is made of loosely 

arranged hyphae while mushroom is made of tightly 

packed hyphae. Hyphae develop from spores that are 

produced in the gills of a mushroom. Thousands of 

tiny pollen-like spores are produced in the gills of a 

mushroom. When the spores are ripe, they are carried 

away by the wind. The parent mushroom quickly 

decays. If a spore lands on a suitable surface, it 

germinates to produce thread-like hyphae. There are 

two types of spore, positive (+) and negative (-). A 

mushroom will form only if the hyphae from + and - 

spores join to form a new hypha containing both 

types. If conditions are right (enough food and 

moisture) this new hyphagrows and forms a tangled mass of threads. Eventually the mass of threads 

form a “button” which begins to grow out of the soil or substrate thus creating a mushroom. 

 Types of edible mushrooms cultivated in India  

S.NO Types 

mushroom 

Name Temp. (C) Humidity 

(%) 

Yield (%) and days 

of harvest 

1 Oyster  Pleurotus eous 

 

 

Pleurotus ostreateus 

 

 

Pleurotus florida 

28 – 30 

 

 

28- 30 

 

 

28-30 

75 – 85 

 

 

75-80 

 

 

75-80 

182%,  

7 –12 days 

 

106%, 

 7 –12 days 

 

150 – 180% 

10 –15 days 

2 Milky  Calocybe indica 28 – 35 78 – 80 80% 

15 – 25 days 

3 Button  Agaricus bisporus 16 – 20 85 – 90 80% 

25 days 

4  Paddy straw  Volvariella volvacea 30 – 35 75 - 85 90%, 25 days 

Steps involved in Mushroom cultivation 

 

Step 1: Preparing Potato Dextrose Agar medium 

Step 2:  Tissue culturing of mushroom fruit bodies 

Step 3:  Mother spawn preparation  

Step 4:  Preparing the Mushroom House 

Step 5:   Oyster Mushroom bed preparation 

Step 6:  Harvest and Storage of Mushrooms 

 

Step 1: Preparing Potato 

Dextrose Agar medium 

1. Materials Required: 

Potatoes: 250 gm 

Dextrose: 20 gm 

Agar powder: 20 gm 

Water: 1 liter. 

Cotton (gauze) 

 

 

s 
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Photos on PDA Preparation  
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2. Wash and cut potatoes. 

3. Place potatoes in one liter of water. Boil for 15 - 20 minutes.  

4. Remove skin from the potato.  

5. Crush the potato with mortar and pestle. 

6.  Filter the media and collect the liquid in a flask. 

7. Weigh dextrose appropriate amount. 

8. Weigh agar appropriate amount  

9. Transfer to the flask carefully. 

10. Cotton plug the flask. 

11. Keep in Autoclave and maintain at 15 lb pressure for 15 minutes and allow cooling 

 

Tissue culturing of mushroom fruit bodies 

Materials Required: 

Special needle (insulated handle)  

Spirit lamp  

Spirit 

Cotton (gauze)  

Matches or lighter  

Bottles with PDA  

Laminar flow cabinet (or protected environment)  

UV lamp  

2. Select a strong mushroom for culture. 

Healthy.  

Not too mature, not too young.  

Not too humid (at least 2-3 hours after watering)  

With a stiff stalk  

Make sure it is clean and far from any contaminated mushroom 

3. Place all cleaned materials inside laminar flow. Turn on UV lamp and laminar flow. After 10-15 

minutes, turn off UV lamp.  

4 Transfer the media to the pteriplates aseptically in the chamber. 

 

 

 

 

 

 

 

 

 

 

5. Clean both hands and bottles with spirit or dettol and insert hands into the cabinet.  

6. Hold needle with 2 fingers in a 45o-degree angle, flame needle to disinfect until the needle turns red. 

Make sure it does not touch any surface after flaming.  

7. While needle cools down (15-20 seconds - hold needle not to touch anything or place it on the clean 

surface of a glass).  

8. Using other fingers, tear mushroom lengthwise (DO NOT use knife to cut). With the needle, cut a 

small piece (2 mm x 2 mm) of fleshy tissue from inside the mushroom (in the middle between the cap 

and the stalk). Make sure that it is clean and did not touch the outside of the mushroom.  
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9. Flame around the mouth of the plate.  

10. Label plates and indicate: Date, type of mushroom. 

11. The time of incubation to full growth mycelium will take about 5 - 10days. (Depending on species).  

12. Keep PDA plates with mycelium on clean shelf. Check infection by other fungi in the plate 

everyday. Also check growth rate.  

13. After mycelium covers whole PDA medium, keep mature mycelium in cool place or in the 

refrigerator. 

14. Check for contamination. Separate contaminated plates. Transfer       contaminated plates to clean.  

Step 3: Mother spawn preparation  

SPAWN ON SORGHUM GRAINS 

1. Prepare materials:  

Sorghum seeds  

Polypropylene covers / Bottles (flask type)  

Cotton (gauze)  

Plastic necks (about 4 cm diameter)  

Rubber bands  

Spirit lamp  

Spirit bottle  
Note: Various types of grains can be used: Sorghum, millet, wheat  

Grains must:  

Have been recently harvested  

Contain few broken kernels  

Little contamination  

No fungi, no insects  

No more than 12% humidity  

 

Procedure: 

Whole Grains/ other materials and weigh 

 

 

Wash the grains in water 6 – 7 times and remove the unfilled/ broken grains 

 

 

 

Half boil the grains for 10 – 20 minutes 

 

 

 

Mix the half cooked Grains with 2% calcium carbonate uniformly and fill in the 5’ X 12” size bottles 

or polypropylene bags (28’’X 13 “ size) (300 grams in each bag or bottle) 

 

 

 

Keep in Autoclave and maintain at 15 lbPressure for 15 minutes and allow cooling 

 

 

 

Transfer 2 or 3 bits of mycelial disc of base spawn into grain bags 

 

Incubate at 25oC for 10-15 days 

Observe for Mycelial growth 
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Mother spawn/ Base spawn preparation by using sorghum grains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 4:   Preparing the Mushroom House 

        

Oyster Mushroom Shed Construction: Normally, construction of thatch house in the direction of east to 

west is preferable. The height of the construction is 8 feet with convenient size. In the bottom of the shed 

sand is provided to a height of 15-30 cm. keep watering regularly on the sides of wall and bottom of floor. 

Depending on space availability select the place / land 

 

  

Mark 10’X15’X 8’ (length, breath and height). 

 

 

Construct the shed with locally available materials like coconut 

thatches, bamboo sticks etc. 

 

 

Fill the floor with river sand for up to 15 – 20 cm height. 

 

 

Step 5:  Oyster Mushroom bed preparation 

 

Substrate is the material used to grow mushrooms. This material or substrate is a mixture of all 

ingredients or “food” necessary for mushrooms to develop. 

 

 

 

Mixing of calcium carbonate 

Tying of bags 

Fully grown spawn bags 

Washing of grains 
Drying of the grains Boiling of grain  
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Substrates used 

 1. Paddy straw 

 2. Straw cutter 

 3. Soaking tank (barrel) 

The paddy straw is the cheapest, locally and easily available to 

farmers. It should be 

 1. Free from any disease infection 

It should not be wet in the rainwater after during straw storage.  

Flow chart:  

 

                 Chop the paddy straw into 5 cm length  

 

                              

Soak the cut paddy straw in vessel containing water and steamed for 1 hour using stove 

 

 

 

 

 

 

 

 

 

 

Spread the steamed paddy straw on a clean gunny bag and dry the straw upto 60% moisture 

 

 

 

 

 

 

 

 

 

 

 

Take clean poly bag, tie the closed end with thread, turn inside out and make poly bag base round 

shape and use it for bed preparation.  

 

                                  

 

Fill the poly bags with paddy straw and sprinkle handful of bed spawn in the poly bags at every 5 cm 

paddy straw layer and pack tightly 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Hang the poly bags in the mushroom shed, keep watering twice a day and harvest mushroom after 21 

days. 
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Remove contaminated bags and pasteurize again. 

 

Step 6: Harvest and Storage of Mushroom 

Maturity of mushroom is identified by their vigorous nature and dark white colour. The mushroom is 

harvested from the bag by clock wise or anticlock wise rotation. While giving rotation harvest can be 

done easily and then cut the roof portion with sharp knife and pack it in the clean polythene bag and 

two to three holes in the poly bag for long distance transportation. Under room temperature mushroom 

can be stored for a maximum 12 hours only but under refrigerated condition it can be stored for 2 to 3 

days without deterioration of its quality. 
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Handmade Paper Making 
V. Venkateswara Sarma and V.Chakrapani 

Introduction 

Paper is produced from cellulosic fibers. The cellulosic fibers form a matrix to produce the paper. The 

source of cellulose is green plants. In plants the cellulose is locked in a lignocellulosic complex that has 

lignin, hemicellulose and cellulose bound together. To produce the paper the cellulose has to be 

separated from this lignocellulosic matrix. This can be achieved by mechanical or chemical means or 

involving both processes.  

Conventionally paper is made utilizing wood. However, excessive usage of wood for pulp and 

papermaking results in denudation of forests leading to environmental problems. To avoid such a 

situation alternative cellulosic sources (non-woody substrata) have to be resorted. These alternate 

substrata can be the agricultural waste such as sugarcane bagasse or straw belonging to paddy, wheat, 

maize, barley, ragi, millets, etc. One of the areas of research at Shri A.M.M. Murugappa Chettiar 

Research Centre,  (MCRC), Chennai, India on paper production has been to use alternative cellulosic 

materials particularly plant usufructs for pulping. For example silk cotton (from Ceiba pentandra) has 

been used for pulp and papermaking. Here the plant is undisturbed but only the silk cotton is harvested 

from the fallen pods, which is renewable. In addition to these alternate sources the waste paper 

available in plenty can be recycled by making hand made papers.  

 

About Eco-Friendly Paper Making 

Conventional method of paper making uses cellulose in the form of wood chips obtained by felling 

trees, which increased global warming. Moreover, in this method, chemicals are used and this releases 

toxic substances that cause environmental pollution (air pollution, water pollution and noise pollution) 

resulting in the need for treatment of water. Surveys state that for manufacturing of 1 ton of paper 277 

Eucalyptus or 462 Bamboo plants are required. Moreover 1, 00,000 greeting cards on hand made paper 

can save 500 trees. 

 

Hand made paper making in schools 

Schools in Chennai city generate large quantity of waste papers and dried plant materials. These 

materials when accumulated in large quantities could cause environmental pollution and unhygienic 

conditions in schools. The waste materials generated in the schools could be recycled and converted in 

to useful products to create an eco-friendly environment. MCRC has always applied science and 

technology to help various communities to improve their life standards and to a create pollution free 

environment. This Centre has been engaged in research activities on waste utilisation and management 

through appropriate technologies. The main aim is to promote understanding of the science and 

technology techniques for recycling of class room wastes into eco-friendly hand made paper and 

composts. These activities not only create awareness among the school children on environment but 

also help to develop various skills so that the future generation develops greater self-confidence and 

scientific temper. 

Equipment needed for handmade paper 
Hand auto vat with following specifications 

(22” X 16” inner)Teak wood frame   

 

Aluminium handle 4” x 2” x 15”   

 Brass hook 5” x 2” x 15” 

 Rubber beading 

 Nylon mesh  

 Mixie   

Hand made vat  

Iron box  

Paper cutter  

Hammer  

Plastic mug  

Rope for handle  

Clip  

Eyelet  

Gum     

Nyleone rope  

Gada cloth piece  

Star and hole punch  

Product Samples 
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Mould and deckle 

This simple device could be made easily with a carpenter’s help. The mould comprises a rectangular 

wooden frame. A layer of mesh (nylon net) is stretched on this mould. The deckle (top portion), again 

made of wood, is of the same size as the mould and 

is an open frame (lacks a net), which rests on top of 

the mould. The wet pulp is deposited onto the mesh 

before it is pressed and dried into sheets of paper. 

Prepare the mould and deckle as follows: Take 180 

cm (6ft) length of 2cm (3/4in) square wood and cut 

it into (i) four 25 cm (10 in) lengths and (ii) four 20 

cm (8in) lengths; nylon mesh with 12 to 20 holes 

per cm (50 holes per in); brass or stainless steel 

pins, or staples; waterproof adhesive; nails. Now 

arrange the cut wood to make two frames of the 

same size and shape. The mesh must be stretched tightly over the top of one of the frames. Nylon 

stretches when it is wet, so dampen the mesh before stretching it. Excess mesh should be trimmed.    

 
Raw material selection: 

Used white paper is the best material and glossy papers are not useful for eco-friendly hand made paper 

making. Glue and staple pins are to be removed from paper before soaking. Tear the paper and soak the 

pieces overnight in water.  

 

Pulping: 

The waste raw materials soaked in the water are blended in a mixie to get the pulp. 

Formation of paper: 

The pulp should be stirred well before placing on the VAT . VAT is firmly hold while lifting in order 

to allow the water to drain back through the mesh. 

.  

 

 

 

 

 

 

 

 

Couching  

The pulp on the VAT is transferred to the gada cloth 

 

 

 

 

 

 

 

 

 

 

Separation of sheets  

The evenly formed wet sheet on the hand vat is removed by placing gada cloth interfacing over the 

finished sheet and this process is repeated to make many sheets. 

 

 

 

 

 

 

 

Drying and calendaring  
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The dried sheets are calendared, with the electric iron. The calendared sheets are then trimmed.  

 

 

 

 

 

 

 

 

 

Screw Press: 

The evenly formed wet sheets on the hand vat are 

removed by placing gada cloth interfacing over the finished sheet and this process is repeated to make 

many sheets. This wet paper contains moisture and air bubbles. The 

water remains in the wet paper has to be removed thoroughly by 

applying even pressure on the paper so as to obtain smooth surfaced 

paper. In the conventional process, big type of screw presses are used 

to squeeze the water from the wet paper which involves huge cost 

and requires more man power to operate. 
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Biomass Charcoal Briquetting 
P. Sugumaran 

Introduction  

Many of the developing countries generate millions of tons of agricultural and forest residues that are 

used inefficiently causing extensive pollution to the environment. The major residues are rice husk, 

coffee husk, coir pith, jute sticks, groundnut shells, mustard stalks and cotton stalks. Sawdust, a milling 

residue is also available in huge quantity. Apart from the problems of transportation, storage, and 

handling, the direct burning of loose biomass in conventional grates is associated with very low 

thermal efficiency and widespread air pollution. These wastes can provide a renewable source of 

energy by converting them into high-density fuel briquettes without addition of any binder. 

The majority of Indian households will continue to depend on traditional fuels to meet their daily 

energy needs for many decades to come. For example, the demand for charcoal in many regions in 

India continues to grow at high rates owing to the ever-increasing rural-urban migration with increasing 

cost of petroleum fuels. These trends, coupled with inefficient charcoal production and consumption 

practices and inaccessibility by most households to reliable and affordable commercial energy forms 

puts in deep uncertainty for the future dependence on the biomass resource as energy. Charcoal 

briquette can prove to be a solution for curing the grim national maladies like the crunch in energy and 

economic resources and the socio-economic and employment problems.  

The briquetting technology will provide an alternative fuel for cooking and will result an income 

generation for the communities in both urban and rural areas. At the same time, the forest would also 

be saved.  

 

About the technology  

Briquetting is the process of converting low bulk density biomass into high density and energy 

concentrated fuel briquettes. In biomass briquetting, plants convert biomass into solid fuels and these 

are of various sizes. Briquettes are ready substitutes for Coal/wood in industrial boilers and brick kiln 

for thermal application. Biomass briquettes are serving as non- conventional energy sources, renewable 

in nature, eco friendly, non-polluting and of high economical value. 

 

Methodology 

The briquettes can be made manually or by mechanically. The method is easy and could be practiced in 

places where plant biomass waste (Non wood) is abundant. There are two different methods of charcoal 

making viz. (i) direct and (ii) indirect methods.  

 

1. Direct method  

The direct method is to heat and form an incomplete combustion of the organic matter that results in 

the formation of charcoal. The rate of combustion is controlled by regulating the amount of oxygen 

allowed to burn and is stopped by excluding oxygen before the charcoal itself begins to burn (e.g. pit, 

pile and masonry chambers).  

 

2. Indirect method  

The indirect method an external heat source to "burn" organic matter kept in a closed but vented airless 

chamber. This is generally in metal chamber is used in the direct method of briquetting (furnace/kiln). 

The indirect method results in production of  high quality of charcoal with less smoke and pollutants 

(e.g. metal chamber).   

In MCRC an indirect method of charcoal briquetting was done by following procedure described below  

 

Stepwise process of charcoal making  

1.Collection of biomass. 

Collect the locally available biomass casuarina leaf litter, sugar cane trash, rice husk coir pith and 

coconut leaves as waste. Sort out these raw materials and chop the large-size raw materials into smaller 

pieces and drying at sunlight.  
 

2. Carbonizing.  

 Purchase old oil metal drum (55 gal. metal drum) with the top cut out and a 

12" width X 10" height hole cut in the lower side for maintaining the fire. 

This will serve as the large drum. 

 After the fire portion cut out in the large drum, fix two iron rods 8" from the 

bottom of the metal drum sides, which will support the stainless steel inner 

drum. 
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Purchase stainless steel (16 gal. steel drum) drum with proper lids. 

These will serve as small inner drum. Make six (3/8") holes at the 

bottom of the small drums and place in to larger drum. This set up 

is called as furnace. The inner drum has to be tightly packed with 

biomass and keep in the larger drum and firing for 2 –3 hrs. 

After firing the biomass has been fully carbonized in the inner 

drum. Collect the carbonized charcoal for briquetting. 

 

 

3. Preparation of binder 

The carbonized biomass needs a binder for strengthening the briquettes. The Forest 

Products Research and Development Institute (FPRDI) recommends starch or cassava 

flour as binder material since it is easily available in local markets. Add 10 % of starch 

or cassava flour for the total weight of the carbonized charcoal powder.   

 

 4. Mixing  

Mixing is the process of coating every particle of carbonized charcoal material with a 

covering of binder. It will enhance the charcoal for proper adhesion and produce 

identical briquettes.  

 

5. Briquetting.  

The charcoal mixture is processed into finished products by hand 

briquetting or by machine briquetting. Pour the mixture directly into 

the briquetting mould or machine to form uniform-sized briquettes.  

 

6. Drying  

Collect the briquettes in a tray and dry them under the sunlight.  

 

7. Packaging 

Pack the dried briquettes in plastic bags and seal them.  

  
Biomass briquettes made by hand  

Fired of biomass 

Biomass carbonization 
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Flow chart (Charcoal briquetting) 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages of the technology  

Smokeless: The charcoal briquettes burn without any smoke or fume during the initial ignition and 

burning.  

Low Ash content: Minimum residual ash is formed (less than 5% of the original weight of the 

charcoal).  

Higher Fixed Carbon & calorific value:  Normally the concentration of fixed carbon will be about 

82%. The calorific value of charcoal briquettes is 7500 Kcal/KG. 

Odourless: The biomass charcoal briquette contains minimum evaporative substances, thus 

eliminating the possibility of odour. 

Longer burning hours: Two times longer burning hours compared to hardwood charcoal.  

Sparkless: These charcoal briquettes will not produce sparks as compared to hardwood charcoal.  

Less crack & better strength: Less crack & better strength make the charcoal burn for a long time. 

Aside from the use as fuel, the charcoal briquettes can be used in different industries such as in making 

carbon disulfide, carbon electrodes, carbon tetrachloride, sodium cyanide and activated charcoal. 

Activated carbon is used in filtering air or water. 

The charcoal briquette activity will also generate livelihood and alleviate poverty of thousands of 

people in the urban and rural areas utilizing abandoned biomass. 

The briquettes that are hard can be used in industrial ovens.  

Chopping 

Biomass collection   

Drying 

Carbonizing 

Carbonizing (Direct 

method) 

Carbonizing (Indirect 

method) 

Mixing with binder 

Briquetteing  

Drying & Packing  

Charcoal 
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Alternative analytical techniques 
J. Arunkumar and K. Perumal 

Introduction 

Soil fertility means soil’s ability to sustain satisfactory crop growth both in short and long term. 

Intensive cropping depletes soil nutrients. Thus additional plant nutrients should be supplied through 

external sources for proper maintenance of soil fertility management. Soil fertility management is 

defined as an interaction between the physical and chemical environment of the system and with the 

associated biological activity in the soil. Organic matter is intrinsically linked to soil fertility by means 

of nutrient reserves, good physical conditions and biological activity. The effect of organic matter, 

humus, trace elements, and the intrinsic values are highly important for sustainable agriculture. Modern 

practices highly affect the soil equilibrium by reducing the organic matter and using NPK fertilizers. 

Application of NPK fertilizers led to severe imbalances in plant growth, food quality and general health 

of human beings. Soil analysis is rarely carried out due to the tedious analytical procedure, prolonged 

time consumption and cost. Circular paper chromatography, steigbild and copper chloride sensitive 

techniques were used to determine the quantitative and qualitative nutritional differences of humus and 

biological activities in soil, manure and plant products. 

 

Circular paper chromatography for determination of nutrients in the soil, manure and plant 

products 

Circular paper chromatography is a qualitative one in order to separate different fraction of soil, 

compost and plant extracts by means of capillary action. A filter paper is prepared   with photo reactive 

substance. This substance reacts with the extraction substance and precipitation occurs at various 

distances from the point of application of the substance to be tested. The distance, pattern, colour and 

the shape of the reaction area are significant for 

interpretation of the chromatogram. 

MATERIALS AND METHOD  

Materials 

Chromatographic box (3x1.5 feet),  

Watch glass (7cm diameter),  

Whatman No1 Filter paper (15 cm) 

wick (3x3 cm), beaker,  Conical flask(250ml) and 

pipettes (1ml and 5ml).  

 

 

Preparatory step    

Reagent: AgNO3 solution (0.5 %): 0.5 gm of AgNO3 is dissolved in 100 ml distilled water without the 

appearance of milky white colour.  

Extraction solution: NaOH (1%): 1gm of NaOH was dissolved in 100 ml of water.   

Template: Template should be prepared with thermocool or paper sheet (15x15cm). It will help to 

quick marking of filter such as mark at origin point, 3cm from origin point, and 7cm from origin point.  

Pencil marking: A hole should be made in centre of filter paper (origin point) with help of 0.1ml micro 

tip or toothpick and mark point A and point B with help of template.  

Wicks: Wicks should be prepared with the same quality of whatman No 1 filter paper of size 3×3 cm.   
 

 

 

 

 

 

 

              Whatman No. 1 circular filter paper indicating point, A and B. 

 

 

 

Sample extraction 

Soil  

Three grams of soil should be taken in Erlenmeyer flask and to this add 100 ml of extraction solution 

(1% NaOH solution). This solution should be kept in shaker for 1hr and still condition for 1hr. 

Manure 

Two grams of soil should be taken in Erlenmeyer flask and to this add 100 ml of extraction solution 

(1% NaOH solution). This solution should be kept in shaker for 1hr and still condition for 1hr.  

Plant product 

. .. . . A B 

      Chromatographic box                 Watch glass (7cm dia), 
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The sample should be weighed to 2.5 gm and grind by using mortar and pestle and to this add 100 ml 

of extraction solution (1% NaOH solution). This solution should be kept in shaker for 1hr and still 

condition for 1hr. 

Dried herbs and tea leaves 

2.5gram dry herb or tea leaves should be added in 50 ml distilled water and allow to boil upto boiling 

point without losing fragrance. Immediately add 50 ml of 0.1% NaOH solution and kept in shaker for 

1hr and still condition for 1hr. 

Testing procedure: 

Pipette out 0.5 ml of AgNO3 in a watch glass and insert filter paper in the solution with a wick. The end 

of wick should be in contact with the solution. The AgNO3 solution is allowed to spread upto the point 

A (3 cm) and the paper should be removed along with the wicks. Shade dries the filter paper for 2 hrs. 

Pipette out 3 ml of test solution add  into the watch glass and insert filter paper in the solution. Place 

the wick such a way that the end of the wick is in contact the solution. Allow the solution to spread 

upto the point B (7 cm) and remove the paper along with the wick. Keep the filter paper in shade & dry 

for 2 hrs. Expose the chromatograms for 24 hours in daylight (avoid direct sunlight) and observe for 

zonation, colour, size, shape, spikes and radiating spike of image. 

 

 

 

KEY FACTORS FOR CIRCULAR PAPER CHROMOTOGRAPHY INTERPRETATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Light brown 

yellowish brown 
Absence  Bright brown / Dark 

brown 
Colour 

Medium  Absence  Large  Size 

OUTER ZONE 

Heterogeneous 
pikes (partially 

decomposed 
organic matter)  

Without spikes undulated 
Indicate 

un decomposed organic 

matter) 

Homogenous radiation spike 
(Indicated decomposed organic 

matter) 

Spikes 

Brown, 

yellowish brown 

Grey, Grey wish 

Brown 

Dark Brown  

(Good organic matter) 
Colour 

Small  Very small  Large size  Size 

MIDDLE ZONE 

Yellowish Violet Radiation, Brown yellow Colour 

Medium  Very large  Small  Size 

INNER ZONE 

INDICATORS                               Fertile soil                                         Weak soil                   

                                                                    REMARKS PARAMETRES 
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pH             6.2       8.2                        7.0 

Nitrate (kg/acre)                             29.03     29.03                 9.72 

Ammonia(Kg/acre)   0     Trace    2.27    

Phosphorus(Kg/acre)                     63.50    13.61                                  77.11 

Potassium(Kg/acre)             45.36       204.12      81.65 

Exchangable Calcium (Kg/acre)   90.72                              1360.8        2494.8 

Organic matter(%)  4.2                   2.2                        5 

 

Rising picture chromatography for quality analysis of plant product 

Rising    picture        chromatography   is derived by Lilly Kolisko. This method involves allowing a 

salt solution or plant products extraction to be absorbed by capillary movement through filter paper. 

For vertical flow, a rectangular sheet of filter paper is curled into a cylinder and placed with one 

circular end in the extracts or salt solution. The extract is allowed to spread to desired distance and dry. 

The filter paper need to be mixed with two more solution (silver nitrate and ferrous sulphate) to 

develop a picture. Rising picture        chromatography is not only picture forming, but also there should 

be some degree of chemical reaction between extract solution and two picture developing solution 

(silver nitrate and ferrous sulphate) 

Reagent  

0.25% AgNO3 solution: 0.25 gm of AgNO3 was dissolved in 100ml of water. This solution preserved 

in brown color bottle for avoid reaction with light. 

0.25 % FeSO4 solution: 0.25gm of FeSO4 was taken in a vial and made up in to100ml. 

 Materials 

Plastic bowl 

Glass jar 1L 

Whatman No 1 (17x17cm)  

Jump clip 

Testing procedure 

 1st rise of picture 

Pour 2ml of plant juice into the plastic bowl. Rotate the bowl for uniform spreading of solution. Insert 

the filter paper into the fluid, which should rise above the paper upto 5 cm. Remove the paper form the 

bowl and shadedry for 90 minutes.  

 

 

 

 

  

 

 

 

 

 

 

 

 

Samples run (2 ml) upto 5cm and dry for 1 hr Folding filter paper- as cylindrical shape 
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2nd rise of picture  

Pour 2 ml of   0.25% AgNO3 solution into bowl and distribute evenly. Insert the paper to the solution, 

which rise with plant juice upto 6 cm. Cover the whole set with plastic jar for avoid light interaction 

with AgNO3. Remove the paper and dry for 2 hrs in shadow place for light. 

 

 

 

 

 

 

 

 

 

               

 Chromatograms with AgNO3 

 (2ml) upto 6 cm) and kept for dring 

 

3rd rise of picture  

Pour 2ml of 0.25 % FeSO4 solution into the bowl and evenly distributed. Once again, paper insert into 

the solution. Cover the bowl with 1L jar. Allow the solution to rise up to 14 cm and remove the paper. 

Dry the paper properly for 2 hours and expose for 48 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

  3rd rise of picture            Stiegbild images 

 

Observation 

The reactions of the silver with plant substance give us clues about a plant's  affinity to biological 

processes, e.g. reductivity,  coloidals, sticky substances,  assimilation etc. 

Sensitive Crystallization for quality analysis of plant products 

The crystallization processes is reaction between copper chloride and formative force of admixed 

substances (plant products extract) to form crystal. The crystals are transparent colourless mineral/flint 

glass aggregation of molecules with a definite internal structure and the external form of a solid 

enclosed by symmetrically arranged plane faces. The characteristic crystal shape and process of crystal 

formation are greatly influenced by mechanical and atmospheric properties. The temperature and 

humidity should be maintained at 29 degree Celsius and 70% relatively upto 12hrs, after 12hrs the 

humidity needs to drop to around 60-65%.   

 

Material 

Glass plate (3 mm thick)-15cm diameter  

Plastic ring 12 cm diameter  

Paraffin wax  

 

 

 

 

 

Reagent   

 Copper chloride (20%) – 20gm copper chloride is taken and made upto 100ml with distilled water. 

 Sample Preparation 

Cereals and pulses 
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Weigh out 5gm Cereals or pulses and grind by using mortar and pestle. Soak this powder with 100 ml-

distilled water for over night. 

Vegetables 

10 gm of vegetable is taken and grind into fine paste by using mortar and pestle. The vegetable is 

squeezed to get juice and the juice is used to test. 

Tea leaves 

Weigh out 4gm of leave with 25ml water and boiling in water both upto boiling.  Filter the boiled 

solution with whatman No 1 filter paper. The filtrate is taken for analysis. 

 

Testing procedure 

Use glass plates, 2mm thick, with diameter of about 11cm. 

Attach a plastic ring, which should be around 1 cm thick, to the glass plates. Hot paraffin wax is a 

suitable way of achieving proper attachment. Bees wax may also be used. 

Use 20% Copper chloride, e.g. 20 grams Copper chloride mixed with 100mi distilled or purified water. 

The glass plates may be numbered in the bottom right comer with a felt pen. 

Prepare a solution of 10ml. As an example, you may use  

1) 7.4ml water 

2) 0.6ml extract 

3) 2ml of Copper chloride 

The amount of Copper chloride is always the same whereas the amount of water and the substance to 

be tested varies depending on the product. 

As the next step 4 ml of the solution are being distributed inside the ring on the glass plate. 

Now the filled glass plates are being distributed in the crystallization chamber. Very important aspect: 

The crystallization process should only start after 10-12 hours. 

Temperature and humidity control are very important. The temperature inside the chamber should be 

around 29 degrees Celsius, the relative humidity 70% to avoid early crystallization. After 

approximately 12 hours the humidity needs to drop to around 60 -65% for the crystallization process to 

begin. If the crystallization process starts too early, unspecific and unclear pictures will be tire result. 

After the crystallization process is complete, the glass plates need to be dried well, because the crystals 

are very susceptible to moisture. The plastic rings need to be removed. Then a second, empty glass 

plate is put on top of the glass plate, which has the crystals on it, and both glass plates are then being 

taped together with a good quality tape to preserve the crystal picture. Ensure that there is no moisture 

in between the two glass plates as this will destroy the crystal picture. It is advisable to take 

photographs as documentation, because the crystals in the glass plates will deteriorate over time. 

 

 

 

 

 

 

 

 

 

 

 

                                    

   Crystallization chamber with samples 
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Interpretation of crystallization method 

 

The crystallization is evaluated based on the formation of needle, size and thickness. 

 Good quality Less quality 

Central zone Single origin Two and more origin 

   

Middle zone: Needle fan out very finely Not fan out 

Needle arrangement Orderly  Messy 

Direction  Straight  Curved 

Their thickness Tight Loose 

 Single needle tight together or 

fanned out 

 

   

Outer zone    

Needle fan out very finely Thin  Thick 

 Pointed Blunt 

 Refracting Light permeating 

 

             Organically and conventionally cultivated Cabbage 
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Natural Dyes 
C.R.Suriyakuamr 

 

INTRODUCTION TO NATURAL DYES 

India has got rich traditional technologies of using natural dyes. It has been feared that these arts and 

crafts would lose the race with synthetic dyes. The present need for natural dyes arise with the 

awareness of the hazards posed by synthetic dyes to the environment and community as a whole. 

Natural dyes are non-allergic and non-toxic to environment and hence there is an increasing interest on 

cultivation and extraction of natural dyes for socioeconomic development in rural areas. 

 

It is found there is good awareness among the student community in relate with the ecofriendly 

approach in day-to-day life. The understanding of this natural colour science on their usefulness, dye 

resources, dyeing methods and cost economics would be helpful in assimilating and developing further. 

Pupils are who are interested in this natural dyes may prepare a website/cd with collected data 

resources through available documents under this ‘Vacation Training Programme on Bioresources for 

School Children’.  

Technological Background of Natural Dyes 

Natural Dyes - Classifications 

Natural organic pigments have a long history as dyes, particularly for bodily ornamentation, cosmetics 

and textile dyeing. Based on the source, chemical nature, colour production and method of dyeing they 

are classified as follows, 

1. Based on Sources  

 

Vegetable / Plant dyes: In India around 500 species of plants have been identified as sources of dyes. 

In plants the leaf, flower, pods, root or bark are used for dye extraction. The vegetable dyes are further 

divided into three groups based on method as direct dyes (water soluble-directly applied), mordant dyes 

(requires chemical assistants) and vat dyes (requires reduction and oxidation e.g. indigo). 

Insect dyes: Lac is a well-known example for insect dye. These dyes are secretions of insects. The 

other popular dyes are Cochineal and Kermes. The popular insects are Cochineal scales (Dactylopius 

spp.), Lac insect (Laccifer lacca), Gall-like coccoids (Kermes sp.), Mealybugs (red bodied), etc. 

 

Mineral dyes: Yellow, blue, green, black, white and red dyes are obtained from various minerals and 

ores. Among them lignite, china clay, gypsum, malachite etc. are used commonly in dyeing. 

2. Based on Chemical Nature 

Indigoid dyes (e.g. indigo), Anthraquinone dyes (e.g. Most of the red dyes), Alpha-naphthoquinones 

(e.g. Mehandi -Lowsonia inermis), Flavones (e.g. Most of the yellow dyes), Dihydropyrans (e.g. 

Logwood), Anthocyanidins (e.g. Carajurin), Carotenoids (e.g. Annatto and saffron),  

3. Based on Colour 

Generally the natural dyes are classified on the basis of colour. The majority of the colours extracted 

from plants are red, yellow, blue, green, brown and orange. Often the mixture of these basic colours 

gives nearly all the attractive colour shades. 

Number of commercially viable dye yielding plants and their percentage to total dye yielding plants; 

Red (32) 34.8%, Yellow (28) 30.4%, Brown (12) 13.0%, Orange (06) 6.5%, Black (06) 6.5%, Green 

(05) 5.5% and Blue (03) 3.3%.  

Red colour  

Most red dyes are hidden in roots or barks of plants and camouflaged in the bodies of dull grey insects. 

Although, these sources are limited, they occur in large groups in a single plant. Detailed studies on 

few red natural dyes are available with their chemical and dyeing properties but for most of the dyes 

the knowledge is lacking. 

Name Botanical Name Parts used Mordant 

Indian & English 

maddar 

Oldenlandia umbellate& 

Rubia tinctorium 

Root -- 

Lac Insect (Laccifer lacca) Resinous secretion Tetti leaves  

Safflower Carthamus tinctorius Flower -- 

Caesalpinia Caesalpinia sapan Wood chips Alum 

Al Morinda citrifolia Root bark Alum 

Blood root Sanguin-aria canadensis Roots Alum 

Anchusa Anchusa tinctoria Roots -- 

Ladysbed straw Galium verum Roots -- 

Cochineal Insect Dried body Alum/Tin 

Kerme Insect Dried body -- 
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Yellow colour 

Yellow is the most common colour in the natural dyes. The number of plants which yield yellow dyes 

are much higher than those yielding other colours. However most of the yellow colourants are fugitive. 

Name Botanical Name Parts used Mordant 

Pomegranate rind Punica granatum Fruits Copper 

Marigold Tagettes spp. Flower Alum 

Teak Techtona grandis Leaves Alum 

Golden rod Salidago spp Flower Alum 

Harda Terminalia chebula Fruits Alum 

Black berry Rubus fructicosus Old stems& leaves -- 

Weld Reseda luteola Whole plant -- 

Parijatka Nyetanthes arbortristis Flower Chrome 

Blue colour 

The only viable choice among the blue natural dyes is indigo. Natural indigo is obtained by fermenting 

the leaves of various species of Indigofera. The plant is grown in Asia, Africa, the East Indies, the 

Philippines and America. 

The main ingredients of natural indigo are indigotin (I) and indirubin (II) 

The extraction process consist mainly 3 stages viz. 

Steeping the plant in water (for fermentation) 

Separation of the aqueous extract and oxidation of the solution with air and 

Separating the precipitate and preparation of marketable dye cake or powder. 

Green colour 

Though the entire photosynthetic flora is green in appearance, obtaining fast green dyes of plant origin 

is difficult and the colour has to be prepared often by mixing 2 or more dyes and mordants. 

Name Botanical name Parts used Mordant 

Lily Covallaria majalia Leaves and stalk Iron 

Stinging nettle Urtica diocia Leaves and stalk Alum 

Elder Sambucus nigra Leaves and berries Alum 

 

The tannins and tannic acids 

Tannins are the most important ingredients in the dyeing with natural dyes producing yellow, brown, 

grey and black colours. They also modify the affinity of fibres towards different dyes. A back tanning 

process improves the washing fastness of some dyes. 

In the dyeing of textiles tannins form the basis of 'so called' natural mordant. The tannins are phenolic 

compounds. An after-treatment with metal salts not only alters the light absorption characteristics of 

tannins but also makes them insoluble in water. Hence they are fixed on the textile substrate giving 

good washing fastness. Besides these reactions, it is postulated that tannins form following three types 

of bonds with proteins (such as wool and silk) and cellulose (such as cotton and viscose rayon etc.) 

Hydrogen bonds (between the phenolic hydroxyl groups of the tannins and both the free amino and 

amido groups of the protein, or the hydroxyl and carboxyl groups of other polymers). Ionic bonds 

(between suitably charged anionic groups on the tannin and cationic groups on the protein). Covalent 

bonds (which is formed by the interaction of any quinone or semiquinone groups that may be present in 

the tannins and any suitable reactive groups in the protein or other polymer. The stability of the tannin-

fibre bond depends on the pH, ionic strength and metal chelators. 

Part used Name 

Bark Wattle, babul, avaram, konnam, sal, arjuna 

Wood Quebracho, oak, chestnut 

Heartwood Cutch 

Leaf Sumach dhawa, tetti 

Pods Dividivi, babul 

Nuts Myrobalan, ghatbor 

Root  Canaigre 

Galls Chinese, turkish 

Acron cups and beads Valonia 

Seeds Sal seeds 

Husk (testa) Cashew husk, tamarind husk(tetti) 

Buds Clove 

Most of these dye materials are available commercially for industries and artisans. 

Identifying local bio resources of dyes: 

To initiate natural dye processes an initial survey has to be conducted to know about the local 

vegetations of any given region. Various samples have to be collected and standardised as follows; 
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Standardising the extraction of dyes of different colours (red, green, blue and yellow) from different 

plants. 

The dye bath preparation for the individual colour and for the combination of colours improving the 

existing methods. 

The study on tannins - their availability and the usage in dyeing process as a mordant. 
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Various shades developed 

from natural dyes
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INDIGO 

This portion of the manual deals with indigo and its extraction methods especially the work carried out 

at MCRC. Dyeing with indigo is dealt with the second portion of this manual under the title ‘Different 

dye sources and dyeing methods’. 

History of Indigo 

The term ‘INDIGO’ is derived from the word indic referring - India. The traditional name for blue - nil 

is also used for the blue dyestuff. Among Mayan community in 600-900 AD, there existed an excellent 

technique of using indigo to paint the murals (New Scientist, Erik Stokstad, 1996). Western world came 

to know about the dye after the discovery of sea route to India by Vasco-de-Gama, in 1498 AD. After 

this, the dye export played an important role in east-west trade. 

 

Natural indigo is extracted from plants and the primary commercial indigo species is Indigofera 

tinctoria, native to India and Asia. Other indigo yielding plants include woad (Isatis tinctoria) and 

dyer's knotweed (Polygonum tinctorum). These plants have been considered inferior sources of indigo 

dye. That may be incorrect and a result of inefficient processing and poor understanding of the dye 

(Gilbert and Cooke 2001). Though Indigofera is perennial shrub it is generally grown as biennial and at 

the stage of flowering the plant is cut and dye is extracted.  

 

The dye molecules are present throughout the plant body, but more concentrated in leaves as Indican (a 

glycoside), which are water soluble and colourless. During fermentation, by hydrolysis, Indican splits 

into Indoxyl and glucose molecules (the ferment liquid colour is fluorescent greenish yellow). On 

oxidation the Indoxyl is converted into Indigotin (the blue dye stuff) and precipitated. The precipitated 

slurry is boil-crystallised and commercial indigo cake is produced.  

Synthetic indigo production  

 

Plant based products were almost entirely replaced in the 20th century by synthetic indigo. To 

synthesise indigo in microscale, we use the Baeyer-Drewson Reaction. o-Nitrobenzaldehyde (0.5 g) is 

dissolved in 5 mL of acetone in a 6-in. test tube. Five milliliters of water is added and the suspension 

stirred. Sodium hydroxide (2.5 mL of a 1.0 N solution) is added dropwise. As the base is added, the 

blue color of indigo can be seen almost at once, and the solution may boil. After the exothermic 

reaction has subsided, the reaction is allowed to stand for 5 min. The precipitated indigo is collected by 

suction filtration. The precipitate is washed successively with 10 mL of water and 10 mL of ethyl 

alcohol. (http://webexhibits.org) 

Natural Indigo Extraction Technology 

Traditional indigo extraction 

Traditional indigo extraction uses two large tanks with dimension of 15’ x 15’ x 3’ feet. One on ground 

and other at 3 feet above the ground level and aside to the ground level tank. Upper one used for 

fermenting the plants, by steeping into the water and next day the green ferment liquid is drained to the 

lower tank. At lower tank mixing air with the help of sails oxidizes the liquid. 

Indigofera tinctoria 

Linn. 
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Inoculation of bacterial 

culture 

Oxidation of ferment 

liquid 

Indigo plant harvest Soaking demonstration 

Boiling indigo slurry Pressing to get indigo cake 

Indigo settlement Draining indigo effluent 

Indigo cakes 

MCRC Method of Natural Indigo dye 

MCRC Indigo Extraction 

MCRC indigo dye extraction technology comprise of design and construction of two pairs low cost 

cement moulded ring tanks and indigo agitator with a cycling system. MCRC developed a new 

microbial process for indigo production from the legume plant Indigofera tinctoria. The process 

involves over night fermentation of harvested indigo plant biomass using bacteria in specially designed 

cement molded ring tank. After fermentation, the plant debris is removed and the ferment liquid is 

oxidized using specially designed mechanical agitator. The precipitated indigo settles down at the 

bottom of the tank as slurry is collected, boiled, filtered and sun dried as indigo cake. Innovative 

approaches in MCRC’s Indigo extraction technology package includes, Organic cultivation of indigo 

plant, cost effective construction of indigo tank, use of dye extracted plant for compost preparation, 

crop maintenance and crop protection by biological control, dye extraction techniques including 

improved fermentation of plants, culturing bacteria by simple method, use of net based soaking set-up, 

mechanical oxidation and simple indigo press for filtering indigo from slurry. 
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Other dyes studied in MCRC 

The stem/root portion of Morinda (an agricultural menace -tree weed) yields yellow/red dyes with good 

fasting properties. The powdered root biomass released dye pigments on mere boiling in water. The 

techniques of testing natural dyes and its potential application from many plants were experimented at 

MCRC. Some of the potential plants tested at MCRC include Pongamia glabra – flower and other 

parts; Cassia angustifolia – senna leaf; Jatropha curcas – plant sap and bark peelings, different 

vegetable and flower wastes, fruit peelings, rinds and different plant biomasses. 

For setting up dyeing unit the minimum cost required is about Rs. 10,000/- for moulds, cloth, dye 

materials, etc. The scale of operation will decide the cost investment. 

 

INDIGO DYEING 

Chemical Method 

The preparation of indigo dye-bath and the dyeing process itself is carried out at room temperature, 

which may vary from place to place and season to season. Since the quantity of yarn used, types of 

machine employed, depth of shade required, sodium thiosulphite loss etc., affect the process involved, 

a specific formula for dyeing indigo can not be given. Usually 37 parts caustic (sodium Hydroxide 50% 

lye) and 17 parts of sodium thiosulphite powder is used for every 100 parts of indigo. Indigo is first 

pasted in cold water followed by caustic. After sodium thiosulphite is sprinkled the final volume is 

adjusted. Vat preparation should be completed in one hour (stock vat). 

The stock vat is added to the cold dip vat after addition of 5 ml NaOH 50% lye/L and 2.5 g./L of 

sodium-thiosulphite powder. During dyeing both sodium thiosulphite and alkali are consumed by yarn 

on repeated dipping. In dye vat sodium thiosulphite must be constantly replenished. For every Kg of 

Sodium thiosulphite, 1 L of NaOH 50% lye or 500 g must be added to neutralise the acid 

decomposition products. 

Composition of the stock vat: Composition per lit. of the dip vat 

100 parts of Indigo 

37 parts of NaOH (50% lye) 

17 parts of Na2S2O4 

stock vat prepared as paste  

stock vat (as required)* 

1 L of water 

5 ml of NaOH (50% lye) 

2.5 gms. of Na2S2O4 

*Concentration of the stock vat can be increased or decreased as per the shade required. 

The strength of indigo on fibre builds up by repeated immersion and oxidation. Here a small quantity 

of dye at each dip bound with the fibre and added to previous amount. The procedure assumes that 

indigo once oxidised on the material, is not allowed to return to the solution when the material is 

dipped again. Cotton is unharmed by repeated dipping. 
Precautions: The dye bath must be worked cold throughout (room temperature), Alkalinity and 

Sodium thiosulphite content should be kept minimum just  enough to keep the indigo dissolved, The 

dips must be brief, not exceeding one minute, except for first dip which can last for 5-10 minutes and 

Oxidation on the cloth after each dip must be complete and should be given sufficient time. 

 

Traditional method 

Fermentation vat method for dyeing were used by traditional dyers. In this method indigo cake is 

powdered by grinding. Required quantity is taken in mud pot and sufficient water is added. In this lime, 

Sajekar and Jaggery are dissolved. Then the mud pot is buried in soil up to the neck of the pot. The 

mouth of the pot is covered with cloth and pot is left for natural fermentation for about 10 to 15 days. 

During fermentation the dye pot is stirred daily by stick. Dye bath turns pale yellow due to 

fermentation and is ready for dyeing. After dyeing, the same dye bath is used for the next batch of 

dyeing with addition of required ingredients. The method of dye bath preparation varies in different 

regions due to local temperature and climatic conditions. 

MCRC's modified method 

MCRC method of vat dye preparation is also a fermentation vat method. Here, 

Indigo is powdered and soaked overnight.  

In a mud pot water is taken and the indigo paste is added.  

The pot is buried in the soil then the following ingredients (which are given for 1 lit of dip vat) are 

added. 

Indigo- 6.6 gms, NaHCO3  - 6.6 gms, CaO- 6.6 gms, Jaggery   -13.2 gms. 

Then the mouth of the pot is covered with lid and tied with cloth and left to ferment for 3-7 days.  

Stirring is made everyday in the morning.  

Fermentation process is completed and the vat is ready for dyeing when the colour of vat turns 

yellowish green.  

During dyeing the repeated dipping gives more concentrated shades. The applied indigo on the 

material, between the dipping is allowed to oxidise completely. This cost effective traditional method 

of dyeing is eco-friendly and non-hazardous since simple, natural friendly ingredients are used. 
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BATIK ART 

History of Batik 

The term 'Batik' is an Indonesian-Malay word meaning 'wax writing'. Batik has come to be used as a 

generic term which refers to the process of dyeing fabric by making use of resist technique; covering 

areas of cloth with a dye-resistant substance to prevent them absorbing colors. The technique is over a 

thousand years old and historical evidence demonstrates that it was used in the early centuries AD in 

the Middle East, Africa and in several places in Asia. Although there is no particular explanation as to 

where batik was first invented, many observers believe that it was brought to Asia by travelers from the 

Indian sub-continent.  

Despite its origin, batik has reached its highest artistic expression in Indonesia, particularly in Java. 

Batik has become a very central means of artistic expression for many of the areas of Asia and a deeply 

integrated facet of Asian Culture.  

Reason for the Popularity of Batik  

Much of the popularity of Batik is due to the fact that the batik technique offers immense possibilities 

for artistic freedom as patterns are applied by actual drawing rather than by wearing with thread. 

Another factor for its popularity is that it is so durable. The colors in Batik are much more resistant to 

wear than those of painted or printed fabrics because the cloth is completely immersed in dye and the 

areas not protected by resist are allowed to absorb hues to the extent that the colors will not easily fade.  

Suitable fabric and dye  

Batik can be done on natural fabrics such as cotton, silk, linen, etc. The dye choices for batik are 

generally reactive dyes-vat dyes and napthol dyes as they are used with cold water. The essential 

feature is that the fabric to be used must absorb wax and the dyeing bath has to be cold so as not to melt 

the wax.  

 

Technique in brief  

Pre-wash the fabric using small quantity of soap so as to remove oils, sizing like starch that are used in 

the processing of the Fabric and this washing also pre-shrinks the fabric. Iron the fabric if it has too 

many wrinkles.  

Stretch the fabric on a frame that will keep the fabric flat and wrinkle free.  

Use premixed 'batik wax' (generally 10-20% Bees wax and 80-90%Paraffin wax). The wax mixtures 

are then melted in a vessel to about 800C and maintain the temperature at the same level. 

Trace the required design on the fabric using the regular methods like tree hand drawing, using carbon 

sheets or by any other methods.  

Apply wax using batik pen or blocks made of woodcarving or of iron or by using brushes to the design 

where the original color of the fabric is to be retained.  

Prepare the dye solution as per its procedure.  

Immerse the waxed cloth in the dye bath. If more than one color is to be dyed then use the lightest color 

first and then with the next dark colour that will mix (blend) with the light color.  

Rinse the fabric with cold water so as to remove excess dye.  

Wax has to be removed from the fabric after completion of the dyeing process. For this fill a vessel 

with water and allow it to boil. Now bring it to a simmer and add fabric. Use a rod to stir the fabric in 

the water bath and keep the fabric submerged well in the boiling water. The wax melts from the fabric 

and floats on top. Remove the vessel from fire and allow to cool. Wax solidifies on top, which can be 

removed easily by using a ladle. The recovered wax can be reused. Remove the fabric and allow 

drying.  

 

Merits of Batik  

Each design is unique as the wax crackles uniquely in each design adding value to the design.  

2. The technique is simple and economical.  

It can be used for over dyeing or along with tie and dye technique or alone.  

Wax can be recovered and reused.  

The design can be either simple or an elaborate one with minute details to it.  

One's artistic instinct can be satisfied.  

 

KALAMKARI  DYEING 

A craft of painting with a  pen on cloth accompanied by dyeing with or without printing is known as 

Kalamkari work. Craftsman involved in the Kalamkari work is called as Kalamkar. In the Kalamkari 

the word “kalam” denotes the pen used and the “kari” denotes work. 

Preparation of cloth for dyeing 

The following processes are generally followed in preparing a cotton cloth for dyeing. 
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Dunging : The cloth is soaked in a solution of water mixed with dung (sheep’s or goat’s or cow’s dung 

is usually used but in Rajesthan and some parts of Gujarat Camel dung are also used). It is generally 

recommended to keep the cloth immersed in this solution overnight. This process is undertaken mainly 

to remove starch or wax material from the cotton cloth. 
 

Washing and Bleaching: The next day morning, the cloth is taken out and washed with clean water. 

Cloth is generally beaten against the stone and rinsed so as to remove as much as of the sizing material 

as possible and gives bleaching effect. Then the cloth is spread and dried in the Sun. 

Steaming: In some places the cloth is steamed for one night in an ordinary washerman’s steaming pot. 

Galling: 50 gm paste of myribalan (Terminalia chebula) mixed with 1 litre of raw milk (fresh/without 

boiling) for 1mt of cloth. The period for which the cloth is kept in the mixture for 1 hr but it is varied in 

different places. The cloth assumes a yellowish tint at this stage. Then the cloth is wrung out and dried 

in shade. 

Preparation of Black ink for Drawing 

50gm of black jaggery (Palm)and 100 gm of white jaggery (sugar cane) mixed with 5flitreof water 

taken in a mud pot. Then 2kg hard rusted iron is mixed and allowed the solution for about 10 days in 

summer and 15 days in winter. After pre-testing it is used as black ink. 

 

Preparation of Kalam and Painting 

Take 10 – 15 cm of bamboo or palm stick. One end of it is sharpened pointed. In the middle of the stick 

some woolen or jute cloth is tied around in the form of a ball and is kept in position by tying a twine 

across in a crisscross manner to form a net like cover. Before use, the brush is dipped in the dye/ink 

solution so as to soak the wool fully with it and then taken out. During painting the bass is delicately 

pressed to squeeze the required quantity of solution to flow to the tip of the brush while moving the 

brush over space required to be painter. The pointed end is used when fine lines are to be painted. 

 

Preparation of Red Colour 

The extract of Rubia cardifolia gives red colour on alum mordanted cloth. 100 gm of Rubia cardifolia 

powder is mixed in 5 litre of water, boiled and filtered. 100 gm of Alum (Aluminium sulfate) powdered 

is dissolved in one litre of water. This is a mordant and wherever red colour is required in the cloth this 

alum solution is applied and after drying washed in running water and dried. The alum treated cloth 

dyed with Rubia cordifolia extract for 15 to 20 min, dried and then washed in running water. Alum 

treated area retains the red colour.  

Preparation of yellow colour 

The extract of myrobalan flowers gives yellow colour. 50 gm of myrobalan flowers are powdered ad 

added to 500 ml of boiling water in an earthen pot. The solution is stirred well for some time, then 

cooled and 10 gm of alum are added. 

 

Preparation of blue colour with natural indigo 

An earthen pot is taken and buried in the soil by putting sheep dung on the outer side. Another earthen 

pot was taken and a hole was made at the bottom. Pebbles are put to cover the hole and packed with 

sand to form a filter bed. This pot is placed over the buried pot. 100 gm of indigo cake is powdered and 

mixed with sufficient water and poured into the upper pot. 100 gm of tora (Cassia tora) is boiled in 

water and made into a paste. This paste is mixed with indigo water. 20 ml of lime is added daily and 

stirred daily. The indigo solution extracted into buried pot is ready for dyeing in about 10 days. Dyeing 

of cloth in indigo solution gives blue colour and on yellow portion gives green colour. 

 

Natural Dyes - Applicability and Requirements 

The textile dyeing industry is suffering from the increases in costs of feedstock and energy for dye 

synthesis, and they are under increasing pressure to minimize the damage to the environment. The 

textile dyeing industries are continuously looking for ecofriendly dyes that are cost effective, more 

environmentally friendly routes to existing chemical dyes. Natural dyes are non-allergic and non-toxic 

to environment and there is an increasing interest on cultivation and extraction of natural indigo for 

socioeconomic development in rural areas. The indigo is a regular green manure crop at different 

regions of India, if the indigo is extracted from the plant as value added product also helps in quick 

degradation when the plants applied as green manure to the soil. Always the quick digestions of the 

plant biomass in soil facilitate less nutritional loss. There is a considerable demand for natural dyed 

fabrics and paper throughout the world and especially the US and Europe are the good market place for 

the Indian producers presently. 

The knowledge and value of the natural dyes should be popularized and we have considerable response 

to lead the world in ecofriendly way. We promote the science of natural colours in our day-to-day life 

to help to achieve safe global environment. 
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Bioresource Data Processing 
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Use of computers in  

bioresource data collection, compilation and online/CD publication 
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Five advantages of the Internet 
• Immense global reach - if you know what to do! 

• Communication is inexpensive 
• Fast, personal and interactive 

• 24 hrs a day, 7 days a week 

• Eco-friendly-trees do not need to be cut down 
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Section 1. BASICS OF COMPUTER 

 
 

Lesson 1: Outer Hardware 
Take a look at a computer. No, not just the screen. Look at all of the other 
parts. Do you know what they are? Do you know what they do?  
If you already know - great! Give yourself a big pat on the back! But if you 
don't know about all the gadgets surrounding your computer, then read on 
and find out!  
The Basics 
Lets start with the center of any 
computer system. There is something 
shaped like a box nearby and has a 
power switch and a light or two. It 
should also have a place or places to 
insert disks. This is the case that 
houses all of the important computer 
components. If it stands up tall, it is a 
tower case. If it sits flat, it is a 
desktop case. 
 
If you have a look at the back of the 
computer with parents asssistant (never do this without permission, 
because there is a lot of dangerous electricity back there!). You will see lots 
of cords and cables coming out of the back of the case and going to other 
computer parts like the monitor.  
Your computer case probably has a place to insert floppy disks or CDs. 
These are called the floppy disk drive and the CD-ROM. The floppy disk 
drive reads information from a very thin disk that is inside a flat, square 
plastic case. You can also write information to these disks and 'save' it.  
CD-ROM is short for Compact Disk - Read Only Memory. A compact disk is 
a shiny, circular disk that stores information. A CD-ROM can only read 
information from the disk. Many new computers have a CD-RW (RW stands 
for ReWrite) instead of a CD-ROM. CD-RW allows you to write  information 
to the disk as well as read from it.  
Some new computers have a DVD (Digital Video Disk) drive (DVD-ROM or 
RW) instead of a CD-ROM or CD-RW. A DVD looks just like a CD, but it 
holds much more information than CDs.  
Input Devices 
There are several ways to get new 
information or input into a computer. The 
two most common ways are the 
keyboard and the mouse. The keyboard 
has keys for characters (letters, numbers 
and punctuation marks) and special 

commands. Pressing the keys tells the computer what to do or what to 
write. The mouse has a special ball that allows you to roll it around on 
a pad or desk and move the cursor around on screen. By clicking on 
the buttons on the mouse, you give the computer directions on what to 
do. There are other devices similar to a mouse that can be used in its 
place. A trackball has the ball on top and you move it with your finger. 
A touchpad allows you to move your finger across a pressure 
sensitive pad and press to click. 
Other types of input devices allow you to put images into the 
computer. A scanner copies a picture or document into the computer. 
There are several types of scanners and some look very different, but most look like a flat tray with a 
glass pane and a lid to cover it. You can input photographs into a computer with a digital camera. 
Photos are taken with the camera away from the computer and stored on a memory chip. Then the 
camera is plugged into the computer, so that the images can be downloaded. Another input device is a 
graphics tablet. A pressure sensitive pad is plugged into the computer. When you draw on the tablet 
with the special pen (never use an ink pen or pencil!), the drawing appears on the screen. The tablet 
and pen can also be used like a mouse to move the cursor and click.  

CD 
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Output Devices 
Output devices display information in a way that you 
can you can understand. The most common output 
device is a monitor. It looks a lot a like a TV and 
houses the computer screen. The monitor allows you 
to 'see' what you and the computer are doing 
together.  
Speakers are output devices that allow you to hear 
sound from your computer. Computer speakers are 
just like stereo speakers. There are usually two of 
them and they come in various sizes. A printer is 
another common part of a computer system. It takes 
what you see on the computer screen and prints it on 
paper. There are two types of printers. The inkjet 
printer uses inks to print. It is the most common 
printer used with home computers and it can print in 
either black and white or color. Laser printers run 
much faster because they use lasers to print. Laser 
printers are mostly used in businesses. Black and white laser printers are the most common, but some 
print in color, too.  
WORKSHEETS 
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An Electrophotographic Toner Cartridge 
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Lesson 2: Hardware on the Inside 
Computers are made of many electronic components or 
parts. These components each have a special job and they 
all work together to make your computer operate. Some 
components are hidden inside the computer, where you 
can't see them. Others can be seen partly from the outside.  
Power It Up! 
Every computer needs a power supply, to take electricity 
from your house and convert it into a current that works for 
your computer. The electrical cord that comes out of your 
computer, comes out of the power supply. 
When it is plugged into the wall, electricity 

travels from the electrical wires in your house into the computer's power supply. When 
your computer is turned on, the power supply allows the converted electricity to travel to 
other components inside the computer.  
Circuits 
The motherboard gets its name because it is like a mother to all of the other circuit 
boards. Found at the bottom of a desktop case or the side of a tower case, the 
motherboard is the largest circuit board and has many smaller boards plugged into it. It 
holds all of the most important parts of the computer.  
On the motherboard, you will find several expansion cards. Each of these cards has a 
special purpose. The sound card contains special circuits for operating the 
computer's sound. The video card handles graphics that are displayed on the 
monitor. There are also expansion cards for other computer components including 
the drives and ports.  
The modem is an expansion card that allows computers to talk to 
each other. A modem plugs the computer in to a phone or cable 
line so that information can be transferred between computers. 
Current modems can run up to 56,000 bits per second. Don't know 
what a bit is? Don't worry, we'll get to that in a later lesson :)  
The brain of a computer is the CPU or Central Processing Unit. 
Like a brain, it controls information and tells other parts what to do. 
The type of CPU in a computer also determines how fast that 
computer can operate. A CPU generates lots of heat, so there is 
usually a small fan nearby to cool it down. A very important 
computer component is the BIOS chip. BIOS stands for Basic 
Input Output System. In very simple terms, the BIOS chip wakes 
up the computer when you turn it on and reminds it what parts it 
has and what they do.  
RAM & ROM 
Have you ever heard the terms RAM and ROM? These two terms 
sound very similar and can easily be confused by beginners. 
However, understanding what they mean and what they do can help you to 
remember. RAM stands for Random Access Memory. RAM chips will 
remember what you tell them and can even change to remember new 
information. But, when the computer is turned off, RAM forgets everything you 
told it. This is why it is so important to save your work on a computer - if the 
computer gets turned off, RAM will lose all of your work!. ROM stands for 
Read Only Memory. ROM is good at remembering, but cannot change it's 
mind. It holds information that is built into it. ROM is like reading a 
library book - lots of information is there, but you can't change it 
(because you never write in a library book). RAM, on the other 

hand, is more like a journal - you can write information into the 
journal. But if you change your mind, you can erase and write in 
new information. Various ports and cards are shown and 
discussed below 
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Parallel 

port 

Ports 
Ports are the places on the outside of the 
computer case where you plug in hardware. 
On the inside of the case, they are connected 
to expansion cards. The keyboard, mouse, 
monitor, and printer all plug into ports. There 
are also extra ports to plug in extra hardware 
like joysticks, gamepads, scanners, digital 
cameras and the like. The ports are 
controlled by their expansion cards which are 
plugged into the motherboard and are 
connected to other components by cables - 
long, flat bands that contain electrical wiring.  
Disk Drives 
Disk drives read information off of storage 
disks. The three most common disk drives 
are the hard drive, floppy disk drive and CD-
ROM. In lesson 1, you learned a bit about the 
latter two, which are usually installed inside 
the front of your computer case so that you 
can get to them from the outside to load the 
software. The hard drive, however is hidden 
inside the computer because the disks are 
not meant to be removed. Information that 
you save on your computer is stored on 
these hard disks. You can learn more about 
storage disks in Lesson 4: Storage; but first, 
check out Lesson 3 to learn about bits and 
bytes.  
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Lesson 3: Bits & Bytes 
Did you know that all of the information that travels through your computer 
is based on two commands? It's true. The only data that a computer can 
understand is on and off. But, the millions of combinations of those two 
commands given in series are what make a computer work.  
Binary Code 
Remember the power supply that is inside your computer and how it sends 
electricity to all of the components? That electricity is what creates an on 

signal. The memory chips inside your computer are divided into thousands 
of tiny compartments called bits. Each bit has an electronic switch or gate. 
On means the gate is open and letting electricity go through. The computer reads on or open switches 
as a number 1. Closed gates are off because the electricity is blocked and cannot get through. The 
computer reads off bits as 0. It is by grouping these bits together to form a series of 1/0 commands, that 

data is formed. Eight bits are grouped together to form a byte. In this group 
of eight, there are 256 possible combinations of 1/0. The grouping of 1/0 
within a byte is called Binary Code.  
Here's an example of the Binary Code in action: When you type the letter A 

on your keyboard, electrical signals are sent from the keyboard to the CPU. 
The CPU turns the signals into binary code. Then, the computer reads the 
code and sends it on to the monitor to display the letter A.  

KB, MB & GB You may have seen these abbreviations many times before. 
Do you know what they mean?  
KB = kilobyte = about 1,000 (one thousand) bytes, (1024 or 2^10)  
MB = megabyte = about 1,000,000 (one million) bytes, (1,048,576 or 2^20)  
GB= gigabyte = about 1,000,000,000 (one billion) bytes (1,073,741,824 or 2^30 = 2

30
)  

As you can see, these abbreviations stand for a specific number of bytes. And each byte holds 8 bits 
capable of forming 256 combinations of 1/0. Wow!  

The number that comes before one of these abbreviations represents the computer's memory capacity. 
For example, if a computer has 64MB of RAM that means that the computer can handle 64,000,000 (64 
million) bytes of random access memory (that's 64,000,000 microscopic 8-bit panels). Hard disk space 
is also measured in bytes. So, a 15GB hard drive has 15,000,000,000 (15 billion) bytes for storing 
memory. Look at your keyboard. Each character key is represented by a number that is held in a single 
byte. Remember how the letter A is sent to the CPU to be translated into binary code? The numerical 
value of the uppercase letter A is 65. That number 65 is represented in one byte - a combination of 1 
and 0 or on and off switches. The computer cannot understand letters, so it translates them into 
numbers that are represented by patterns of on and off. To get an idea of how much on/off data a 

computer can store, just imagine pressing one key one billion times! How long would it take? If you 
pressed the key 5 times per second, it would take you over 6 years of continuously typing to reach 1 

billion keystrokes equal to 1GB of memory! And many computers today can store over 20GB of memory 
on their hard disks! Incredible! So, the next time your computer is taking a long time to load a web page, 
think of how fast it really is going!  
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Lesson 4: Storage 
The purpose of storage in a computer is to hold data or information and get that data to the CPU as 
quickly as possible when it is needed. Computers use disks for storage: hard disks that are located 
inside the computer, and floppy or compact disks that are used externally.  
Hard Disks 
Your computer uses two types of memory: primary memory which is stored on chips located on the 
motherboard, and secondary memory that is stored in the hard drive. Primary memory holds all of the 
essential memory that tells your computer how to be a computer. Secondary memory holds the 
information that you store in the computer.  
Inside the hard disk drive case you will find circular disks that are made from polished steel. On the 
disks, there are many tracks or cylinders. Within the hard drive, an electronic reading/writing device 
called the head passes back and forth over the cylinders, reading information from the disk or writing 
information to it. Hard drives spin at 3600 or more rpm (Revolutions Per Minute) - that means that in 
one minute, the hard drive spins around over 3600 times!  
Today's hard drives can hold a great deal of information - sometimes over 500GB!  
 

Floppy Disks 
When you look at a floppy disk, 
you'll see a plastic case that 
measures 3 1/2 by 5 inches. 
Inside that case is a very thin 
piece of plastic (see picture at 
right) that is coated with 
microscopic iron particles. This 
disk is much like the tape inside a 
video or audio cassette. Take a 
look at the floppy disk pictured. At 
one end of it is a small metal 

cover with a rectangular hole in it. That cover can be moved aside to show the flexible disk inside. But 
never touch the inner disk - you could damage the data that is stored on it. On one side of the floppy 
disk is a place for a label. On the other side is a silver circle with two holes in it. When the disk is 
inserted into the disk drive, the drive hooks into those holes to spin the circle. This causes the disk 
inside to spin at about 300 rpm! At the same time, the silver metal cover on the end is pushed aside so 
that the head in the disk drive can read and write to the disk.  
Floppy disks are the smallest type of storage, holding only 1.44MB.  
It is very important to always keep magnets away from floppy disks and away from your computer! The 
magnets can erase information from the disks!  
Compact Disks 
Instead of electromagnetism, CDs use pits (microscopic indentations) and lands (flat surfaces) to store 
information much the same way floppies and hard disks use magnetic and non-magnetic storage. Inside 
the CD-Rom is a laser that reflects light off of the surface of the disk to an electric eye. The pattern of 
reflected light (pit) and no reflected light (land) creates a code that represents data. CDs usually store 
about 650MB. This is quite a bit more than the 1.44MB that a floppy disk stores. A DVD or Digital Video 
Disk holds even more information than a CD, because the DVD can store information on two levels, in 
smaller pits or sometimes on both sides. The DVD storage varies from 4.5 GB to more than 14 GBs 
 
 



 107 

Lesson 5: Programs 
Programming 
In Lesson 3, you learned that all of the information that travels through your computer is 
stored on bits as either an on or off signal. Using bits and bytes in different 
combinations to represent a code is known as programming. These codes allow the 
computer to understand instructions. Computer programmers are people who write 
these codes to create programs. There are even programming languages that make 
it easier, so that these people don't have to remember all the bit or byte combinations. 
Programming allows people and computers to communicate more easily.  
Computer Programs 
A program is a set of instructions that tells the computer how to perform a specific 
task. For example, your favorite computer game is a program. In order for your 
computer to know how to play that game, you (or your parents) must first install the 
program from the game software - usually a CD. Installing the program means that you 
are copying the program or instructions that are stored on the CD on to your computer's hard drive. 
Programs can also be downloaded from the internet directly to your hard drive.  
Many programs (especially games) are very large and would take up lots of memory space on your hard 
drive. To keep that from happening, these programs are designed to only copy part of the program onto 
your computer. The rest of the program stays on the software. The program cannot be run from your 
computer unless you have the disk in the disk drive so that RAM can read the rest of the program from 
it.  
Other programs install completely on your hard drive, so that they can be used without running the CD. 
This is very helpful with programs that are designed to help the user perform a specific task, such as 
typing a letter or creating a birthday card. Having the program run without the CD, frees up the CD-ROM 
drive in case you might need to run a clip art CD to add some pizzazz to your creation!  
Types of Programs 
There are many different types of programs for the computer. They are grouped 
according to the tasks that they perform. Here are some very common types of 
programs and some examples of their uses:  
Word processing - letter writing, essays, writing stories  
Database - address books, mailing lists  
Spreadsheets - storing financial information  
Research - encyclopedias, informational programs  
Entertainment - games, music/video programs  
Education - skill practice games, tutorials, how-to programs  
Desktop Publishing - creating birthday cards, newsletters, etc.  
Programs do much of the work for us, when we perform tasks on the computer. 
The program instructs the computer in a language that it understands. Think of 
how hard it would be to dictate a story for someone else to type if that other 
person spoke a foreign language! You could learn that person's language, but 
that could take years. The easiest way would be to have a translator. Programs 
are like translators that allow people to work with computers without learning the computer's language.  
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Lesson 6: Operating Systems 
What is an Operating System? 
The most important program on any computer is the Operating System or 
OS. The OS is a large program made up of many smaller programs that 
control how the CPU communicates with other hardware components. It also 
makes computers easier to operate by people who don't understand 
programming languages. In other words, operating systems make computers 
user friendly.  
Do you remember ROM (Read Only Memory) and RAM (Random Access 
Memory) from Lesson 2? ROM and RAM are very important to the OS. Part of 
a computer's operating system is built into ROM. That part contains the most 
essential programs that the computer needs in order to run correctly. The 
ROM operating system is also known as the BIOS (Basic Input Output 
System). You may remember from Lesson 2 that the BIOS is responsible for 
waking up the computer when you turn it on to remind it of all the parts it has 
and what they do.  
The operating system also contains other programs that are important, but not 
essential to making the computer run. The part of the operating system that 
contains these programs is stored on a computer's hard drive and is booted to 
RAM whenever the computer is turned on. This part of the operating system is 
known as DOS which stands for Disk-based Operating System.  
Types of Operating Systems 
Different computer manufacturers use different operating systems. Apple has 
specific operating systems for its line of Macintosh computers. When IBM 
released their Personal Computer or PC back in the early 1980's, they did not 
get a copyright on it, which allowed many other companies to build similar 
computers that were IBM-compatible; in other words, they used the same 
operating system as the IBM PC. There are different operating systems 
available for PCs, but the most common is Windows, which was developed by 
a company named Microsoft. Windows is similar to the Macintosh operating 
system, because it also uses a mouse and a GUI (Graphical User Interface) 
that uses graphics or pictures to help the user navigate within the computer 
system.  

There are several versions of Windows (95, 98, NT, 
2000 (XP), 2003 and upcoming Vesta), just as there 
are several versions of Macintosh operating systems 
(System 7, System 8). Operating systems are 
constantly being improved or upgraded as technology 
advances. When a company thinks that their 
operating system has been advanced enough from 
the one already on the market, they release their new 
version for sale. Users can then purchase the new 
version and upgrade the part of the operating system 
that is stored on the hard drive. The ROM OS is not 
affected by the upgrade. Upgrading an operating 
system can have several advantages, such as 
simplifying tasks and navigation. However, there can 
be disadvantages, too. Many Windows 95 users 
upgraded to Windows 98 and discovered that many of 
their older programs would no longer run within the 
new operating system.  
The Computer Revolution 
The introduction of the Macintosh OS and the later 
introduction of Windows played a large part in making 
computers accessible to so many people. The user-
friendly interfaces of both operating systems made it 
easier for people with no computer training to learn to 
use these amazing machines. Other machines, such 
as typewriters and payroll calculators quickly became 
a thing of the past, as computers became so easy to 
use and so affordable.  
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Lesson 7: Files & Folders 
Computer hard drives hold an enormous amount of data or information. It is very 
important that all of the data is well organized. That way it is easy for the computer to 
find what it is looking for. Knowing how a computer's organization system works will 
help you to find what you are looking for. Computers use files and folders to organize 
data.  
What is a file? 
A file is a collection of data that is stored together. Files can be stored on a hard 
drive, a floppy disk, or a CD. Everything that a computer does is based on data 
stored in files. You can do lots of things with files - create them, name them, rename 
them, save them, or delete them. Certain files can even be looked at, listened to, and 
run.  
In some ways, files are like television shows. All TV shows have 3 things, just like 
computer files: Name, Location & Length  
File names often consist of 2 parts: name and type. Computer files come in different types - text files, 
graphic files, program files, email files, etc. In many computer systems, files are named so that you 
know what type of file it is just by looking at the abbreviation behind the name. A period is used to 
separate the name from the type, like this: "name.type". One important thing that you should know about 
file types or extensions is that they are always written as abbreviations, usually with 3 letters. For 
example, a text file is shown as .txt and an executable program file is shown as .exe. You may not 
always see the extension on a file name, because many PCs offer the option of turning off the 
extension. Even though you don't see it, the computer still does. Web pages (no matter what OS) 
always use extensions to identify the kind of file - .htm or .html for the web pages, .gif for gif graphics, 
.jpg for jpg graphics and so on. The quickest way to find files on most computers is to use Find. This is 
a type of search program where you can type in the name of a file and the computer will search and tell 
you where the file is located. If you use a Windows Operating System, Find is located on your Start 
Menu. Larger files may be measured in kilobytes or megabytes. The length of a file tells how much 
storage space that file is using within the computer.  
Folders or Directories 
With so many thousands of files stored inside a computer, it is very important to keep them organized. 
Folders, also known as Directories, keep files organized by grouping them together. Many times, the 
computer will automatically store files in certain folders in order to keep itself organized. However, when 
you create new files, you must decide which folders to put them in to keep them organized. You can 
even create new folders to store your files. For example, let's say that a boy named Adam wants to 
make a folder of all the fun things he creates on the computer. With an adult's help, Adam creates a 
folder titled "Adam". Within that folder, he creates 3 new folders titled "stories", "drawings" and "jokes". 
Then, when Adam writes a story called "Alien Tap Dancing", he stores or saves that file that contains 
the story in the "stories" folder. On a PC, the file name would be "Alien Tap Dancing.txt" because it is a 
text file.  
The best way to keep up with a file is to know its address. The address basically tells you what drive and 
folders to look in for a file. For example, the address for Adam's story might look like this: "C:\\My 
Documents\Adam\stories\Alien Tap Dancing.txt". In this case, the letter "C" indicates the hard drive, as 
most PCs assign a letter to each drive in the system. Note, that the file address always includes the 
drive, folder(s), and file name in exactly that order.  
Be A Responsible Computer User 
Understanding the relationship between files and folders, and how they are addressed and located 
within your computer system is a very important part of using a computer. Beginners should make it a 
priority to learn about this early in their computer education. Never delete, move or rename a file unless 
you are absolutely sure of what you are doing! A computer relies on many files to keep itself running 
correctly, so changing or deleting those files can cause major computer malfunctions! When in doubt, 
ask a parent, teacher or other expert for assistance. The safest way to learn about using files and 
folders is to ask for help in setting up your own personal folder, then creating new folders and files within 
it.  
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Lesson 8: The Windows Desktop 
When your computer is booted up and ready to use, the screen you see is 
called the desktop. It is the background for all programs and contains the 
commands needed for accessing those programs. Desktops vary from one 
operating system (OS) to another, and even vary somewhat from version to 
version of a particular OS. Whatever type of OS you use, it is very important 
to learn how to use the desktop correctly, since it is the base for all 
computer operations. The best place to learn about your particular OS is 
with the user manual or tutorial included with your computer.  
In this lesson, we will look at the Windows desktop only, since Windows is 
one of the most common operating systems used today - particularly by 
students and educators. It would be impossible for me to fully cover each 
version of this OS; instead, I will try to give a basic overview of how the desktop looks and what it does. 
This lesson is based on the Windows 98 desktop, so please understand that your own desktop may be 
slightly different if it is a different OS version.  
Desktop Graphics 
Windows systems are based on Graphical User Interface or GUI, which 
simply means that the interface uses graphics or pictures to help the user 
navigate and access programs. When you first turn on a new computer, most 
of the screen will be plain blue or blue with a logo or design. This background 
graphic is called Wallpaper. It is essentially a backdrop for your work area. 
The graphic can be changed to a different pattern or even a photo or picture 
by accessing "Display" in the Control Panel.  
Another important graphic feature that you will find on a desktop is an icon. 
Icons are small pictures that are linked to programs. Double-clicking on the 
icon runs the program or accesses the file and right-clicking accesses a menu offering options, actions 
and properties. Certain icons are a permanent fixture on the desktop. The user can put other icons on 
the desktop that will quickly access programs or files - like a shortcut. Icons can be moved around on 
the desktop by clicking and dragging them.  
One of the most important icons on the desktop is My Computer, which accesses drives, printers, the 
Control Panel and other system applications. The Control Panel gives the user access to the computer 
system and many support applications, such as "Add New Hardware", "Add/Remove Programs" and 
"Accessibility Options". From the Control Panel, you can access hardware settings for the keyboard, 
mouse, printers and modem; as well as settings for the monitor display and sound.  
Another important icon that you should know about is the Recycle Bin. It has the same purpose that a 
real trash can does - you put things in it that you no longer need or want. Anytime you delete a file or 
folder, it goes into the Recycle Bin where it stays until the bin is emptied. Double-clicking on the icon will 
open a window that will show you what is stored in the Recycle Bin. Just like in real life, things 
sometimes get thrown away by accident and have to be rescued. The Recycle Bin lets you do the same 
thing. If you delete something you shouldn't have, you can find it in the Recycle Bin and restore it to its 
proper place. When the Recycle Bin is emptied, everything in it is permanently deleted. Never put 
anything in the Recycle Bin or empty the Recycle Bin without permission!  
The Start Menu and Taskbar 
At the edge of the screen (usually the bottom edge), you will see a long, thin bar with a box labeled 
"Start" on one end and a clock on the other end. This is the taskbar - another graphic tool that helps 
you to access programs and files. You may see icons on the taskbar, too. These are called "Quick 
Launch" icons that allow one-click access to frequently used programs.  
If you click on the "Start" button, a box called a menu will appear. The menu will contain several words. 
Some words will have arrows next to them that access other menus. Listed below are the basic Start-
menu options:  
Programs - accesses installed programs.  
Favorites - accesses book-marked webpages.  
Documents - accesses the most recently opened documents.  
Settings - accesses system applications such as Control Panel, printers, taskbar and 
Start Menu options.  
Find - searches for specific files or folders.  
Help - offers helpful topics for computer use.  
Run - user can input commands to run specific programs.  
Log Off - allows a password-protected user to log off and another to log on.  
Shut Down - shuts down or restarts the computer.  
The Start Menu can be personalized by adding and removing programs, files and folders.  
Windows (not the operating system) 
Many programs and applications run within windows or boxes that can be opened, minimized, resized 
and closed. At the top of each window, you will see a title bar that contains the title of the program or 
folder. To the right of the title bar are three square icons or buttons. The button on the far right has an 
"X" on it and closes the window (which also closes the program). The middle button will have one or two 
small boxes on it - this is the resize button. Resizing allows the user to make the window full-screen or 
smaller. The button on the left has a small line on it - this is the minimize button. When a window is 
open, you will see a rectangular button on the taskbar that displays the windows title and maybe an 
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icon. Minimizing the window clears it from the screen, but keeps the program running - all you will see of 
a minimized window is the button on the taskbar. A raised button indicates a minimized or inactive 
window, and a depressed button indicates an open or active window. Minimizing a window is helpful if 
the user is temporarily not using the program, but plans to return to it soon. To restore a minimized 
window, simply click on the button on the taskbar. Also, it is sometimes possible to have several 
windows open at once and lined up in a cascade, one in front of another. In this case, the active window 
will always be in the front.  
In the Windows operating system, each window contains its own menu. Found just under the title bar, 
the menu contains several words that will access drop-down menus of options and actions. The menus 
vary from one program to another, but here are some basic examples:  
File menu contains file items like new, open, close, and print.  
Edit menu contains editing items like undo, cut, copy, paste and clear.  
View menu contains items for changing how things appear on the screen.  
Help menu contains items to access tutorials or helpful information.  
Under the menu, you will often find a toolbar - a bar of icons or options that allow you to perform 
specific operations within the program.  
In the main body of the window, you may find lists of folders or files or you may be given a workspace 
for typing, drawing or other activities. On the right side of the window, you may see a scroll bar. The 
scroll bar appears when the window contains more information than can fit on the screen. Moving the 
scroll bar up or down allows the user to see all of the information in the window.  
Learning the Basics 
Learning how to use the desktop is the first step in learning to use a Windows system. Hopefully, you 
can use this brief lesson as a starting point. Remember, though, that experience is the best teacher, so 
do some exploring on your own PC. Many systems include Tutorials that will teach you how to use your 
system step-by-step. You'll also find some very helpful information about the Windows desktop under 
the "Help" option of the Start Menu.  
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Lesson 9: Knowing Your System 
Now that you have a basic understanding of computer components and how they work, let's apply this 
knowledge to your own system. It is important to know your computer system's specifications so that 
you can purchase or download appropriate software programs.  
Read the Label 
When you are shopping for computer software - in a virtual store or a real one - it is important to check 
out the program's Minimum System Requirements before making a purchase. They will help you to 
determine whether or not the software is compatible with your computer system. System Requirements 
will be listed somewhere on the packaging of a software product or should be available on the product's 
webpage if you are shopping online. Check out the graphic to the right for a sample from a software 
package.  
Requirement information will vary from product to product, but most requirements will tell you the 
following:  
Operating System compatibility  
Processor speed  
RAM requirements  
available Hard Disk Space needed for installation  
CD-ROM or DVD speed  
Additional requirements may be listed for:  
Monitor Display, Video Card, Sound Card, Peripherals - joystick, gamepad, 
etc, Modem (for internet applications), Support software  
Remember that the information listed covers the minimum requirements. In 
other words, your system needs to have at least that much speed, 
memory, space, etc. in order to run the software properly. If your system specs are higher than the 
minimum requirement, then the software should run on your system. The only caution you should have 
here is that some programs written for older operating systems (particularly Windows 95) may not run 
on newer operating systems.  
Requirement or Recommendation? 
On many software products, the manufacturer will list System Recommendations along with Minimum 
System Requirements. This information lets the consumer know that higher specs may be needed to get 
optimum software performance. The program will run on a system with the minimum requirements, but it 
will run better at the recommended requirements.  
System Specifications 
If you don't know your system specifications already, you should be able to find them in your user guide 
or other paperwork from the manufacturer. System information can also be accessed through your 
computer. Although the location of this information may vary from system to system, the most common 
place to find it will be in the "System" menu of the Control Panel. Knowing this information about your 
system will help you make compatible software purchases.  
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Lesson 10: Computer Care & Safety 
Computers, like any other piece of electronic equipment, need special care and attention in order to 
perform properly and safely. There are several specialized tasks such as defragmenting, scanning and 
reformatting that computer experts can do to keep the internal system of a computer working well. 
However, we'll leave these tasks to the experts for now and concentrate on some daily do's and don'ts 
that any computer user should know.  
A Clean Machine 
This may seem like a simple topic, but computers require special cleaning even on the outside. Keeping 
your system free of dust, dirt and liquids is the first step to computer care. Your system's user guide is 
the best place to find information on how to clean your outer components; but here are some general 
tips that you should always remember:  
Never spray your monitor screen (or any other computer component) with glass cleaner. Instead, spray a lint-free 
cloth lightly with glass cleaner, then clean the screen. Be sure to hold the cloth away from the computer when 
spraying.  
Computer components should be kept as dust-free as possible.  
Canned air or small computer-specific vacuum cleaners are an excellent way to clean keyboards, computer case 
vents, or around disk drive openings.  
The rubber ball inside the bottom of a mouse may need occasional cleaning. If the mouse does not perform correctly, 
check your user guide for cleaning directions.  
Never try to remove the cover on your computer to clean inside. Instead, take it to an authorized service technician 
for cleaning.  
Keep all liquids and food items away from your computer. Liquids and food crumbs can damage delicate electronic 
circuits. Also, mixing liquids and electronic components can cause serious electrical shock!  
Wash your hands before using the computer to avoid "sticky keys."  
When in doubt about how to clean your computer system, consult your user manual or technical support.  
A Shocking Possibility 
It is important to remember that your computer is connected to electricity. If you have an Internet 
connection, that also means that your computer is connected to a telephone line or cable connection. 
These are also conductive connections. That means that lightning could be conducted to your computer 
through any of these connections. For safety reasons, you should never use your computer during a 
storm.  
Many computer users purchase surge protectors to safeguard their system. The user plugs computer 
components into the surge protector, then plugs the surge protector into the wall. Just like the name 
implies, surge protectors are designed to protect computers against electrical surges or lightning. 
However, these devices can fail; so, it's best to stay clear of the computer during storms.  
Also, as mentioned earlier, electricity and liquids don't mix. Keep water and other liquids away from the 
computer system. This includes drinks, water guns, fish bowls and cleaning fluids.  
Beware of Viruses 
Viruses and worms are names for pesky computer-unfriendly programs that can accidentally be 
downloaded into your system. Some are just a nuisance, but others can crash your system and cause 
irreparable damage. To avoid these nasty creatures, follow these safety tips:  
Install, use and regularly update virus software  
Never open an email attachment unless you know and trust the person who sent it.  
Do not accept downloads from Internet sites that you don't know and trust.  

If you would like to learn more about viruses and antivirus utilities, 
Check out The Virus Zoo at CNet (http://home.cnet.com/software/0-
806174-7-2236520.html) for some great information!  
Avoid Installation Marathons 
Let's say that you were given several new computer games for your 
birthday. Or maybe your parents just bought you a new system and 
you want to load all your favorite games. Do you sit down and install 
all of these programs one right after another? No! It may be 
tempting, but it's not a good idea. Sometimes, installing a new 
program can cause conflicts within your system. These conflicts will 
need to be worked out or else the program will have to be 
uninstalled so that your system will work correctly. If you install 2 or 
more programs before you realize there is a problem, it will be very 
difficult to determine what the problem is and which program 
caused it. Instead, try installing one program, then use your 
computer long enough to see how your system responds to the 
installation before loading the next program.  
Safe Computing! 
Following these guidelines should help you to take good care of 
your computer system, so that you can get lots of enjoyment from it. 
Remember, that if you have any questions about your particular 
system, you should check your user guide or contact technical 
support.  
WORKSHEET ANSWER KEYS 
Lesson 1: Outer Hardware 
Labeling Worksheet: 1. monitor, 2. tower case, 3.keyboard, 4. digital camera, 5. trackball, 6. mouse, 7. 
scanner, 8. speakers, 9. printer.  
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Input/Output Worksheet: 1. output, 2. input, 3. input, 4. input, 5. input, 6. output, 7. input, 8. output,  
9. output, 10. input, 11. input.  
Hands on worksheet: Answers may vary 
Lesson 2: Hardware on the Inside 
What Am I? Worksheet: 1. modem, 2. BIOS, 3. CPU, 4. ROM, 5. hard drive, 6. RAM, 7. motherboard, 
8. power supply, 9. video card, 10. port.  
Labeling Worksheet: 1. power supply, 2. video card, 3. sound card, 4. modem, 5. motherboard, 6. CD-
ROM drive, 7. hard drive, 8. floppy disk drive, 9. RAM, 10. CPU, 11. BIOS.  
Lesson 3: Bits & Bytes 
Bytes Worksheet: 1. 01011110, 2. 10011011, 3. 11101000, 4. 00110111, 5. 10110111, 6. 10101010,  
7. 00101001, 8. 10011100, 9. 10101000, 10. 01000111, 11. 10100101, 12. 10100010.  
Byte Math Worksheet: 1. 32KB, 2. 4KB, 3. 6KB, 4. 75KB, 5. 26KB, 6. 360KB, 7. 450KB, 8. 235KB,  
9. 427KB, 10. .5KB, 11. 2MB, 12. 64MB, 13. 32MB, 14. 8MB, 15. 16MB, 16. 128MB, 17. 256MB,  
18. 40MB, 19. 6MB, 20. .5MB 21. 20GB, 22. 7GB, 23. 13GB, 24. 4GB, 25. .5GB  
Lesson 4: Storage 
Backup Math Worksheet 1. CD, 2. floppy disk, 3. floppy disk, 4. CD, 5. CD, 6. CD, 7. CD,  
8. floppy disk, 9. floppy disk, 10. floppy disk, 11. CD, 12. CD, 13. floppy disk, 14. CD, 15. CD 
Vocabulary Worksheet 1. primary, 2. secondary, 3. floppy disk, 4. electricity, magnetism, 5. CD,  
6. pits, lands, 7. magnets, 8. data, 9. rpm, 10. DVD.  
Lesson 5: Programs 
Matching Worksheet 1. desktop publishing, 2. spreadsheet, 3. database, 4. research, 5. entertainment,  
6. education, 7. database, 8. word processing, 9. desktop publishing, 10. word processing. 
Vocabulary Worksheet 1. program, 2. translators, 3. programming, 4. installing, 5. programmers, 6. 
BASIC, Pascal, 7. downloaded, 8. word processing, 9. entertainment, 10. desktop publishing.  
Lesson 6: Operating Systems 
Matching Worksheet 1. PC, 2. Macintosh, 3. PC, 4. PC, 5. Macintosh, 6. ROM, 7. Hard Drive.  
Vocabulary Worksheet 1. operating system, 2. user friendly, 3. BIOS, 4. essential, 5. hard drive, 6. 
DOS, 7. Windows, 8. upgraded, 9. System 8, 10. graphics.  
Lesson 7: Files & Folders 
Organizing Files Worksheet:  
stories/animals: Big Bear.txt, The Lion's Roar.txt, My Dog ate my Book.txt. 
stories/aliens: Space Men.txt, Creatures from Mars.txt, UFO Pilot.txt. 
pictures/flowers: red rose.gif, yellow daisy.jpg, white tulip.gif. 
pictures/insects: ants marching.jpg, bumblebee.jpg, green grasshopper.jpg. 
File Address Worksheet: 1. Sara, 2. jokes, 3. Users, 4. my cat, 5. drawings, 6. jokes, 7. Adam, 8. 
stories.  
Lesson 8: The Windows Desktop 
Vocabulary Worksheet 1. Recycle Bin, 2. GUI, 3. task bar, 4. desktop, 5. icon, 6. title bar, 7. scroll bar, 
8. windows, 9. wallpaper, 10. tool bar, 11. Start Menu, 12. Control Panel.  
Labeling Worksheet 1. My Computer icon, 2. Recycle Bin icon, 3. icon, 4. Start Menu, 5. minimized 
windows, 6. taskbar, 7. clock, 8. wallpaper. 
Lesson 9: Knowing Your System 
System Requirements Worksheet 1. Yes, 2. Yes, 3. No, 4. No, 5. Yes, 6. No, 7. No, 8. Yes. 
Hands On Worksheet Answers Will Vary.  
Lesson 10: Computer Care & Safety 
Safety Worksheet 1. True, 2. False, 3. False, 4. True, 5. False, 6. False, 7. True, 8. True, 9. True, 10. 
False, 11. True, 12. True. 
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Section 2.  INTERNET BASICS AND HTML TRAINING 
 

HISTORY OF THE INTERNET 

 
The Internet has had a relatively brief, but explosive history so far. It grew out of an experiment that 

began in the 1960's by the U.S. Department of Defence. The DoD wanted to create a computer network 

that would continue to function in the event of a 

disaster, such as a nuclear war. If part of the network 

was damaged or destroyed, the rest of the system still 

had to work. That network was ARPANET, which 

linked U.S. scientific and academic researchers.  

 

In 1985, the National Science Foundation (NSF) created 

NSFNET, a series of networks for research and 

education communication. Based on ARPANET 

protocols, the NSFNET created a national backbone 

service, provided free to any U.S. research and 

educational institution. Corporations such as Sprint and 

MCI began to build their own networks, which they 

linked to NSFNET. As commercial firms and other 

regional network providers have taken over the 

operation of the major Internet arteries. NSF also co-

ordinated a service called InterNIC, which registered all 

addresses on the Internet so that data could be routed to 

the right system. This service has now been  taken over 

by AT&T and Network Solutions, Inc., in co-operation 

with NSF. To know more about Internic visit 

www.internic.net.  

 

Some of the domain extensions and their implied 

meaning, 

 

What Is HTML? 

They key to understanding HTML is in the relationship 

between HTML and the Web. The Web is a vast sea of 

documents— Web pages— that are interconnected so 

that you can jump from one page to the next. This 

means that Web pages are written in HTML, just as a 

letter you write to a friend in Rome is written in Italian. 

The obvious difference is that HTML is a computer 

language understood by Web browsers, and Italian is a 

human language understood by people in Italy. HTML 

is required on the Web to format text and images, as 

well as to add character and personality. It gives you options that help you communicate the precise 

message you want to send. 

 

HTML also provides the critical linking mechanism that allows pages to link to one another. Without 

HTML, the Web would be nothing more than a bunch of dull text documents with no 

interconnectivity— no formatting, no style, no images, and really no fun! The most significant feature 

of HTML is called hyperlinking, which is 

the ability to link pages together. 
Hyperlinking allows you to jump from one 

page to another by simply clicking a link. 

Hyperlinks are commonly used in 

navigation bars for Web sites. For 

example, when you see a button or image 

on a Web page that says Products, there’s a good chance that a hyperlink will link you to the Products 

page of the Web site when you click the button or image. 

com Commercial organisation / Company 

org Non Commercial organisation 

edu Educational Institution 

mil Military Institution 

gov Government Institution 

The Internet Backbone in the U.S. 

The Internet 

The Pages are Stored on Web 

Servers 
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Hyperlink "trails" Form a Web 

The URL: The Hyperlink Address 

The 
HTML 

Docume

The HTML Document Displayed by the 

The Core of the HTML 

HTML 
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A good website is having, 
Good planning 

Effective Design 
Strong technical assistance and production 

Dependable web service and hosting 
Fast and efficient web maintenance and e-

mail response 

Promotion, advertising, and exposure 

Microsoft Frontpage – a easy 

website making tool 

Steps to Create a Web Page 
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LEARNING HTML 
 

BASICS 
Lab Setup 
Text processor to create HTML document and 
Browser to view results.  
Tags 
Begin with < 
End with > 
Contain a tag name and sometimes tag attributes 
Closing Tags 
 Usually one tag to starts the command, and a closing 
tag stops it. The closing tag begins with </ 
<body> - to begin the body section of the code 
</body> - to end the body section of the code 
 
Basic HTML Document 
<html> 
<head> 
<title>Title Text</title> 
</head> 
<body> 
</body> 
</html> 
Saving the document 
Save as TEXT 
Save with the extension htm or html 
Headings 
Heading tags are used to set the type size of heading 
text. 
Heading tags include <h1> <h2> <h3> <h4> <h5> and 
<h6>. 
<h1>apples</h1> 
<h2>oranges</h2> 
Paragraphs 
Paragraphs are single spaced within the paragraph, 
then double spaced between paragraphs. 
Use the <p> and </p> with paragraphs. 
DOCUMENT FORMATTING 
The Body Tag 

<body> 
 
Additional Attitributes 
bgcolor="ivory" 
text="purple" 
link="blue" 
vlink="orange" 
 
For “wallpaper" use a graphic file for the background 
color 
background="wallpaper.gif" 
 
examples: 
<body bgcolor="ivory" text="purple" link="blue" 
vlink="orange"> 
<body background="wallpaper.gif" text="purple" 
link="blue" vlink="orange"> 
Lists 
Ordered list 
<ol> 
<li>apples</li> 
<li>oranges</li> 
</ol> 
Unordered list 
<ul> 
<li>apples</li> 
<li>oranges</li> 
</ul> 
Definition list 
<dl> 
<dt>Fruit </dt> 
<dd> A major food group that includes foods such as 
apples, oranges and bannanas.</dd> 
</dl> 
List Item 
<li>apples</li> 
Line Formatting 

Centering Lines 
Center a Block of HTML 
<center> 
...lines of HTML code here... 
</center> 
Center a Single Line 
<p align="center"> 
<h1 align="center"> 
 
Right Justify a Single Line 
<p align="right"> 
<h1 align="right"> 
Character Formatting 
Bold 
<b>Text Goes Here </b> 

Italic 
<i>Text Goes Here</i> 
Underline 
<u>Text Goes Here </u> 

 
Font Formatting 
The font tag 
<font size="3" color="purple" face="arial"> your text 
goes here <font> 
size= 
A number from 1 to 7. The larger the number, the 
larger the print!  
color= 
Use a color word for now. Good color words include: 
red, navy, blue, yellow, orange, green, aqua, purple 
and black. Later, use a hex code color value.  
face= 
This is the name of the print style. The print style helps 
to set the mood for your page. Good choices include 
arial, times and courier. 
 
Blank Rule 
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Use a blank rule to force a blank line. 
<br> 
 
Horizontal Rule 
<hr> 
Additional Horizontal Rule Attributes: 
width="25" (25 horizontal pixels) 
width="25%" (25% of the screen horizontally) 
size="5" (line height is 5 pixels) 
color="blue" 
Example: 
<hr width="80%" align="center" size="3" color="blue"> 
Hexidecimal Number System Presentation 
(please refer exercises at the end) 
HTML Color Codes Presentation 
Color Codes 
#00ff00 
pound sign 
2 digit hex code for amount of red 
2 digit hex code for amount of green 
2 digit hex code for amount of blue 
Hex Code 
Base 16 number 
0-9 then A for 10, b for 11, c for 12, 
d for 13, e for 14 and f for 15 
each position can hold a number between 0 and f 
 
External Links 
External links are links to other pages. These pages 
might be to another page in your site, or some other 
site. 
<a href="http://www.askjeeves.com">AskJeeves</a> 
 
The Link Tag 
a href="URL" 
Provide the URL of the site you want to link to. This 
information will not appear on the screen. It will appear 
in the message area at the bottom of the browser 
window when you point to the linking text. 
The Linking Text 
The linking text is between the <a href> tag and the 
</a> tags. This text will be blue unless you specify 

another link color in the body tag. The cursor will turn 
into a pointing hand when the mouse passes over it. 
</a> 
This completes the link. 
Internal Links 
Use internal links to make an index for the page. 
When these links are clicked on, the target are pop to 
the top of the browser window. 
The Link 
<a href="#books">Favorite Books</a> 
Preceed the internal link name with a pound sign. 
The Target 
<a name="books"> 
Mark the location with the name tag. 
 
Email Links 
<a href="mailto:vkwoodard@aol.com">Email me</a> 
Substitute any email address after the colon. This link 
will open the window to write an email message. The 
email address will automatically be inserted for the 
recipient. 
Title Attribute in a Link 
You can add the title attribute to a link and you will get 
a pop-up box that to describe the link. Just add 
title="your description" to the link tag. 
<a href="http://www.askjeeves.com" title="A Good 
Search Site">Ask Jeeves</a> 
Using a Graphic for a Link 
You can show a picture instead of text as the link. 
Replace the text with the image tag. 
<a href="#books"><img src = "book.gif></a> 
 
The Image Tag 
<img src="image.gif" width="60" height="20" 
alt="description" align="top"> 
Image Attributes: 
src= 
This tells the name of the file. 
Unless you include a path, the default directory is 
assumed. Place this file in the same folder as the html 
code document that calls it. 
The graphic can be a GIF file or a JPG file. 

Take care to use the smallest file possible, so your 
page will load as quickly as possible. If the page hasn't 
loaded in 30 seconds, the user will move on. 
width= and height= 
The width and height are measured in pixels. Use a 
graphic program to find these values. 
By providing these values, the browser can reserve 
the location for them on the screen. When the 
locations are reserved, the page will not shift as 
images arrive. 
alt= 
Some people turn off graphics when they use the 
Internet. If graphics are turned off, this is text that will 
appear in the space reserved for the image. 
If the image does load, the contents of the alt attribute 
are used for a pop-up tooltip type box. 
align= 
Use the align attribute to align the text next to the 
image. Put the tag<br clear="all"> at the end of the 
text you want with the image. 
Your alignment choices are: "top" "middle" "bottom" 
 
Using a Thumbnail 
Sometimes, a smaller version, or thumbnail, is used as 
a link to a larger version of the graphic. That way, the 
detailed picture can be accessed, but the transmission 
time will only be required if the user wants to see the 
detail. 
<a href="large.gif" >< img src="small.gif" width="30" 
height="30" alt="description"></a> 
Using an Image for a Link 
Insert the image tag between the a href and /a tags to 
use an image for the "hot spot." 
<a href="url" >< img src="image.gif" width="30" 
height="30" alt="description"></a> 
 
Tables 
The Table Tag 
 
<table cellpadding="3" border="3" bgcolor="tan" 
width="200"> 
The bgcolor and width attributes can also be used in 
the table tag, the table row tag or the table data tags. 
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When there is no width, the table is sized to fit the 
contents. 
� cellpadding - the amount of space between the cell 
border and the cell content in pixels. 
� border - the width of the border in pixels. If you do 
not want a border to show, say none here. 
� bgcolor - the color of the background 
� width - the total width of the table in pixels 
The Table Row 
Each table row begins with the <tr> tag and ends with 
the </tr> tag. 
The Table Cell 
Surround the contents of each cell with <td> and </td> 
If you need a cell to span across more than one cell, 
add the colspan attribute: 
colspan="2" 
The number two means this cell spans 2 columns. 
End the Table 
The table will not work right unless you end the set of 
table code with </table> 
Aligning Table Content 
Horizontal Alignment 
<td align="center"> 
<td align="right"> 
 
Vertical Alignment 
<td valign="top"> 
<td valign="center"> 
<td valign="bottom"> 
 
Blank Cells 
Include a non-breaking space in blank cells - 
&ampnbsp 
A Simple Example 
<table cellpadding="3" border="3" bgcolor="tan" 
width="400"> 
<tr> 
<td> fruit</td> 
<td>vegetable</td> 
<td>grain <td/> 
</tr> 
 
<tr> 

<td>apple</td> 
<td>carrot</td> 
<td>wheat</td> 
</tr> 
 
<tr> 
<td>pear</td> 
<td>tomato</td> 
<td>barley</td> 
</tr> 
</table> 
Which looks like this: 

fruit vegetable grain 

apple carrot wheat 

pear tomato barley 
 
FORMS 
Use the following tags to send a data name and data 
value to you in an email. 
Link buttons 
< form method="link" action='http://www.yahoo.com"> 
< input type ="submit" value="yahoo!"> 
< /form> 
Text 
< form method="post" action="mailto:your email 
address "> 
< type=text name="textname"> 
< /form> 
Text box 
< form method="post" action="mailto:your email 
address "> 
< textarea name="comment" rows="6" cols="40"> 
< /textarea>< /form> 
Option buttons 
< form method="post" action=""> 
< input type="radio" name="drink" value="Coke">Coke 
< input type="radio" name="drink" value="7up">7up 
< input type="radio" name="drink" value="Dr 
Pepper">Dr Pepper 
< /form> 
Checkbox 
< form method="post" action=""> 

< input type="checkbox" name="toppings" 
value="Catsup">Catsup 
< input type="checkbox" name="toppings" 
value="Mustard">Mustard 
< input type="checkbox" name="toppings" 
value="Pickle">Pickle 
< /form> 
Drop-Down List Box 
< form method="post" action=""> 
< select name="icecream"> 
< option selected> Chocolate</option > 
< option> Vanilla</option > 
< option> Strawberry</option > 
< /form> 
Send and Reset Buttons 
< form method="post" action=""> 
< input type="submit" value="send"> 
< input type="reset" value="reset"> 
< /form> 
 
Meta Tags and Search Engines 
No one can access your web site from your computer. 
You have to upload the files to a web server computer. 
The Internet Service Provider you use to connect to 
the internet probably has web page space for you as a 
part of the contract you already have. Other web 
servers provide free space for anyone to use.  
Example: geocities.com  
 
Uploading to a Web Server 
Some web server's have File Transfer Utility software 
built into the site that you use, others will require you 
to have your own. The upload is simply getting a copy 
of your files on their hard drive. It is just another 
variation of using the Window's Explorer. Popular File 
Transfer Utility software include CuteFTP and WS 
FTP. 
Search Engines 
You can look for web sites with search engines. A 
search engines is a web site that collects and 
manages an index of thousands of web sites. You go 
to the search engine site and type a search condition 
into a form. The keywords you use describe what you 



 121 

are looking for. The search engine program looks 
through the index, and using your search condition will 
find matches, then will show a list of sites that might 
be what you're looking for. 
Here are some popular search engines: 
Most of the search engines have a link somewhere for 
submitting a new site to the index. You submit your 
site by filling in a form with the URL, or address of your 
site, your email address and a description of the site. 
The search engine will read your page and get the 
information needed for the index from your meta tags. 
Google 
Yahoo 
Excite 
AskJeeves 
AltaVista 
Meta Tags 
< meta name="author" content="your name goes 
here"> 
< meta name="description" content="a 25 word or 
less description of the site"> 
<meta name="keywords" content="keywords 
separated by commas"> 
 
Placing Well in the Index 
Just getting in the index will not guarantee you anyone 
will go to your site either. The results of a search 
engine is a list of sites. That list is in order of how likely 
the sites will have information about the search key 
used. 
Your site must place well in the list, by getting listed 
among the top 20 sites with your keywords. Your site 
will place well in the index when you use keywords 
that are in the page, especially in the title, h1 and h2 
tags. 
It also helps when other web pages include a link to 
your site. Some search engines count the links to your 
site and consider this when the results list is created. 
Cascading Style Sheets 
Use HTML to create the structure for your web page; 
use CSS to format your web page. That means, use 
the H1 - H6 tags to create an outline of your topic, not 

to control the size of your text. Use CSS to control the 
appearance of text. 
3 Methods to Apply CSS Styles 
inline style 
style block 
external style sheet 
The "cascade" refers to the priority of the different 
ways to issue style commands. When more than one 
method is used, the closer the style command is to the 
text, the more importance it has. 
The Cascade 
inline style 
style block 
external style sheet 
The Inline Style 
The style command applies to that instance of the tag. 
Note the punctuation. 
<p STYLE="text-indent:10pt;font-size:10pt;font-
family: Arial" > 
The Block Style 
The style command applies to that HTML document. 
The following example would be placed in the head 
section. Note the punctuation. 
<p STYLE type="text/css"> 
<!-- 
BODY {margin-top:0px; 
 padding-top: 0px; 
 background-color:#5efb6e; 
 color:#f63817;} 
H2  {background:#4cc552; 
 font:14pt Arial; 
 font-weight:bold; 
 text-indent:.25in; 
 color:#f63817;} 
P {text-indent:10pt; 
 font-size:10pt; 
 font-family: Arial} 
--> 
</style> 
The External Style Sheet 
This method uses a separate document for the style 
codes. The style codes document contains only style 
codes, and no other tags. It is saved as type Text and 

given the extension CSS. A linking statement is 
included in HTML document to link the style sheet 
document to it. A group of HTML pages can all link to 
the same style sheet document. This makes it quick 
and easy to control the text formatting of an entire web 
site. 
The Style Sheet File: somename.css 
BODY {margin-top:0px; 
 padding-top: 0px; 
 background-color:#5efb6e; 
 color:#f63817;} 
H2  {background:#4cc552; 
 font:14pt Arial; 
 font-weight:bold; 
 text-indent:.25in; 
 color:#f63817;} 
P {text-indent:10pt; 
 font-size:10pt; 
 font-family: Arial} 
The Linking Statement to somename.css: 
<LINK REL=stylesheet HREF="somename.css" 
TYPE="text/css"> 
 
Place this link in the head. 
Adding JavaScript 
JavaScript can be added to your pages to create 
interesting effects. Although JavaScript is a complete 
programming language and takes time to master, 
there are a few types of scripts that can be used 
without knowing the language. 
Mouse Over Rollovers 
This script is used to change an image when the 
mouse passes over it. This is often used to make 
navigation buttons light up when the user points to 
them. 
Pre Load the images in the Head 
< script language="javascript"> 
 
image1=new Image(136,34) 
image1.src="bookson.gif" 
 
image2=new Image(136,34) 
image2.src="booksoff.gif" 
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< /script> 
Flip the image in the body when the mouseOver 
event occurs 
< a href="#books" 
onMouseOver="document.button1.src='bookson.gif'" 
onMouseOut="document.button1.src='booksoff.gif'"> 
< img src="booksoff.gif" border="0" name="button1" 
width="136" height="34" > < /a> 
Change the message in the status bar when a 
mouseOver and mouseOut events occur. 
< a href="#books" 
onMouseOver="document.button1.src='bookson.gif'; 
  window.status='books'; 
  return true" 
onMouseOut="document.button1.src='booksoff.gif'; 
  window.status='Vickys Page'; 
  return true"> 
< img src="booksoff.gif" border="0" name="button1" 
width="136" height="34" > < /a> 
 
Cut and Paste JavaScript Aps 
Many JavaScripts are available for anyone to use in 
their web page. Sometimes the script has two parts; 
one that goes in the head section and another that 
goes in the body section. If the script makes use of a 
graphic, you will need to copy the graphic also, and 
put that in the folder for your web page. You can adapt 
these to your own uses by substituting your own 
graphic and changing the filename in the script. 

 

ONLINE RESOURCES 
Here is a partial list of sites that offer free 

resources: 
 
Free JavaScripts 

Website 
Abstraction  

http://wsabstract.com/ 

Dynamic Drive  http://www.dynamicdrive.com/ 

JavaScript Mall  http://www.javascriptmall.com/ 

JavaScript World  http://www.jsworld.com/ 

JavaScript  http://javascript.internet.com/ 

HTML Tutorials 
HTML Primer  http://archive.ncsa.uiuc.edu/General/Int

ernet/WWW/HTMLPrimer.html 

HTML  http://www.bfree.on.ca/HTML 
HTML  http://www.seekeasy.net/html/ 

Comprehensive HTML Sites 

Web Monkey  http://hotwired.lycos.com/webmonkey/ 

HTML Goodies  http://htmlgoodies.earthweb.com/ 
Web Reference  http://www.webreference.com/ 

Web Developer  http://www.webdeveloper.com/ 

W3 Schools  http://www.w3schools.com/default.asp 
HTML  http://www.echoecho.com/html.htm 

Colors 

Color Chooser  http://www.barrysclipart.com/colorchoo
ser/ 

Safe Colors  http://www.december.com/html/spec/co

lorsafe.html 

Color Words 
Page 1  

http://www.html4kids/hex/colorname1.
gif 

Color Words 

Page 2  

http://www.html4kids/hex/colorname2.

gif 
Extensive HTML Tag Reference 

THE Advanced 

HTML Reference  

http://www.blooberry.com/indexdot/ht

ml/index.html 
Quick HTML Tag Reference 

Quick HTML 

TagReference  

http://www.projectcool.com/developer/r

eference/tag-table.html 

HTML Validation 
HTML Validator  http://validator.w3.org/ 

W3C  http://www.w3.org/ 

About W3C  http://www.w3schools.com/w3c/w3c_i
ntro.asp 

Graphics 

Barry's Clipart 
World  

http://www.barrysclipart.com/ 

Free Graphics  http://www.free-graphics.com/ 

Clip Art Resource  http://www.clip-

art.com/clipartresource/ 

 

Make a page that has helpful links for school 

work. Include the following links in your 
page: 
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Homework Helpers 

 
BigChalk - http://www.bigchalk.com/ 

Discovery School Dot Com - 

http://school.discovery.com/ schoolhome.html 

Schoolwork Ugh - http://www.schoolwork.org/ 

Homeworkhelp - 

http://www.homeworkhelp.com/ 

Homework Center - 

http://www.infoplease.com/homework/index.htm

l 

Reference Sources 

Grolier Online - http://www.grolier.com 

AskJeeves - http://www.askjeeves.com/ 
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COLOURS AND CODES 
 

Decimal Numbers 

Hexadecimal Numbers 

Number System Comparison 
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Getting A Color Value 

The Converted Code 

www.geocities.com/html4kids/converter.htm 
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 HTML Colors: Color Names and Hex Codes 

Color Name 
Hex 
Code 

AliceBlue eff7ff 

AntiqueWhite f9e8d2 

AntiqueWhite1 feedd6 

AntiqueWhite2 ebdbc5 

AntiqueWhite3 c8b9a6 

AntiqueWhite4 817468 

Aquamarine 43b7ba 

aquamarine1 87fdce 

aquamarine2 7deabe 

aquamarine3 69c69f 

aquamarine4 417c64 

azure efffff 

Color Name 
Hex 
Code 

azure2 deecec 

azure3 bcc7c7 

azure4 7a7d7d 

beige f5f3d7 

bisque fde0bc 

bisque2 ead0ae 

bisque3 c7af92 

bisque4 816e59 

Black 000000 

BlanchedAlmond fee8c6 

Blue 0000ff 

blue1 1535ff 

Color Name 
Hex 
Code 

blue2 1531ec 

blue3 1528c7 

blue4 151b7e 

BlueViolet 7931df 

Brown 980517 

brown1 f63526 

brown2 e42d17 

brown3 c22217 

burlywood1 fcce8e 

burlywood2 eabe83 

Tan d8af79 

And so on

 

Practice with graphic 
 

Create a web page with the fable shown below. Include the graphic pitcher.gif on the 

left side of the fable. 
 

The Crow and the Pitcher 
 

A Crow perishing with thirst saw a pitcher, and hoping to find water, flew to it with 

delight. When he reached it, he discovered to his grief that it contained so little water 
that he could not possibly get at it. He tried everything he could think of to reach the 

water, but all his efforts were in vain. At last he collected as many stones as he could 
carry and dropped them one by one with his beak into the pitcher, until he brought the 

water within his reach and thus saved his life. 

Necessity is the mother of invention! 
 

Practice with Tables 
Create a web page with table containing the calendar for the current month. Your final 

result should look something like this: 

 

November 

Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

    1 2 3 

4 5 6 7 8 9 10 

11 12 13 14 15 16 17 

18 19 20 21 22 23 24 

25 26 27 28 29 30  
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Practice with Forms 

Create a pizza order form like this example: 

Top of Form 

Vicky's Pizza 

 

Party Large Medium Small 
Pizza Toppings 

Pepparoni Sausage Pepper Mushroom 
Delivery Address 

 
Submit! Clear!

 
Bottom of Form 

 
 Practice with Style Sheets 
Create a Style Sheet with the filename Tips.CSS 

Make the document background color yellow. 
Make the h1 elements have a background color of green with blue text. 

Make the list elements have a red background. 

Indent the paragraphs about 1/2 inch. Make the paragraph text Comic Sans MS. 
Insert the link code to Tips1.htm, Tips2.htm and Tips3.htm. 

Escape Codes: to use special characters in webpages set of codes are used some 
samples are listed here. Use them with &# symbols, examples &#37 to display % (per 

cent) and &#137 to display 
0
/00 (per thousand) 
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Section 3. Bioresource data management  
 
online and offline data management 

 

 
Techniques involved in data-mining and processing 
 
Recognise your need for information  
You'll know that you need information when you: 
get a project/assignment from a lecturer 
having a personal need that requires certain information before you can make a decision, e.g. buying a 
car.  
Generally, whenever you are uncertain you could find information that will help you take the correct 
decision. 
Remember that one needs information not just for study purposes, but for most decisions in everyday 
life. You make decisions every day, whether it is to buy a car, house or do a project or assignment. You 
need information to make good decisions.  
 
An Information Literate person recognises when he/she needs information. 

 
THINK about your need  
What is the problem, question or topic you 
need information on?  
 
In such cases you look very carefully at 
precisely what is asked of you, so that you can 
formulate your central search question 
accurately.  
When it comes to decisions in your personal 
life, you will have to identify your need and 
formulate your own search question to be able 
to start searching for information. 
 
READ about your topic  
 
When you search for information, you will use 

keywords. To get the correct keywords, you'll 
have to do some reading about your topic. In 
other words you read to get the right keywords. 
Most often, the best place to start reading is in 
the reference section of the Library. The 
reference section contains many different types 
of dictionaries, encyclopaedias, thesauruses, 
etc., all of which will supply you with more than 
enough information to start identifying keywords 
and begin your search. 
If your topic is about something that is currently 
happening in the news, e.g. the new national 
budget, the best place to start reading will be the 

latest newspapers and periodicals (magazines). 
It is important to start making notes already at this point about the resources you are using, the 
information you found and where you found it.  
 
Defining keywords 
Once you have read generally about your topic, you should have a better idea of the keywords under 
which you will probably find information about your topic. So, before you can start your search, you 
should define your keywords accurately. The following steps will assist you in defining keywords: 

Draw a mind map 

Select broader and narrower subject terms 

Consider other spellings 

Examples per faculty: 
Natural Sciences 
   Mindmap  

Note: Some information resources are free and others require that you pay. See the following for more 
on cost of information.  
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Example 
Natural Sciences 
 

Research Problem Write an assignment about the "Coelacanth". 

Key words coelacanth, fish, fossil, marine life  

Larger subjects 

marine life 
fish 
endangered species 
latimeria 

Narrower subjects 
fossils 
ancient animals 
african fish 

Synonyms none 

Different spellings Selakant (afrikaans) 

 
You must identify all the above-mentioned words to help you when you start your search. Using different 
words may retrieve different information, therefore use all possible options when you search for 
information. 

 
It is clear that you get different results from different words used in the searches. That is why it is so 
important to identify and follow up every possible word related to your topic.  
Example 
Natural Sciences  
The following is the mind map for the Natural Sciences example: 
 
Searching tools: 

Boolean searching 
What is Boolean Searching?  
It is based on Boolean Logic, which 
was developed by George Boole, a 
mathematician. It works with three 
operators, i.e.: AND, OR and NOT, 
that will help you to retrieve precisely 
the information you are looking for.  
Note: Some systems require that 
you use capital letters for the AND, 
OR and NOT. Others may require 
that you enclose them in brackets, 
e.g. [AND] or <OR>, etc. Check the 
help pages of the system on which 

you search for these requirements. 
 
Information finding tools/systems and sources  
 
The Internet is the electronic gateway or route to a vast amount of information sources available in the 
world. These information sources include billions of full-text documents, research reports, training 
material, books, dictionaries, encyclopaedias, newspapers, games and much more. Some of the 
information on the Internet is free, but some of it can be very costly.  
The Library subscribes to a number of these resources, such as subject specific databases, full-text 
journals and e-books.  
Keep in mind that access to the electronic resources, to which the Library subscribes, is free of charge 
for you if you're a student of the Stellenbosch University whereas other information sources  found on 
the Internet may involve costs. 
It is recommended that the US Library Service's electronic journals, databases, indexes, etc. be used for 
academic purposes. These databases and indexes are subject specific and are intended for use by 
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university students, lecturers or researchers. The content is of an academic nature, authoritative, and is 
generally of a higher quality than information found with general search engines. 
The type of information that one retrieves from library databases is usually quite different to the type of 
information retrieved by general search engines such as Google.  
A database is a collection of data grouped together for a specific purpose. A database is also used to 
keep large amounts of information organised. In this case bibliographic information to journal articles or 
full-text articles to which your library subscribes. This enables people to search for relevant information. 
You can sort, browse and find information in a database. A database is therefore an information finding 
tool. 
The Library catalogue is an electronic database of titles of all the books, journals and audio-visual 
sources available in the Library. It is therefore the information finding tool for all the library's electronic 
and printed sources. 
It is important to realise that information found with search engines such as Google etc. is not always 
academic or authoritative. To evaluate information found on these pages, refer to the section on 
Evaluating information found. Keep in mind that you pay Internet costs if you use general search 
engines. 
The library catalogue can also be accessed from off-campus locations.  
 
Information resources 
 
Dictionaries, books, periodicals/magazines/journals, newspapers, audio-visual materials, the Internet, 
grey literature, broadcast media, conference proceedings/reports, course-specific resources, maps, 
government publications, standards, museums, archives etc. are information sources. These sources 
may be in printed or in electronic format. Databases and the Internet are both information finding tools 
and Information sources.   
If there are aspects discussed so far that you do not understand, feel free to to ask a librarian they are 
trained to help you in the searching process. 
 
Finding information  

Information Finding Tools/Systems  

Opac  
(Online Public Access Catalogue)  

Databases (incl CD Rom) 

The Internet DDC (Dewey Decimal Classification system) 

Information Sources 

Dictionaries Broadcast media 

Encyclopaedias Conference proceedings/reports 

Books Other course-specific resources 

Periodicals / Magazines / Journals Maps 

Newspapers Government publications 

Audio-visual materials  Standards  

Internet Museums 

Grey literature Archives 

EVALUATING the information found 
 
You have probably found quite a lot of information on your topic by now. It is not always easy to decide 
whether the information that you have found is suitable. The following tips and techniques will help you 
to evaluate the information: 
 

Fact vs opinion Currency (up-to-date)  

Authority Intended audience 

Publishing body Popular vs academic 

Eliminate irrelevant information  Primary vs secondary source 

Critical reading 

 
Evaluating Information on the World Wide Web (University of Oregon Library System)  
Evaluating Information found on the Web (University of Arizona Library) 
Evaluating Information Sources (Montana State University) 
Evaluating Information (University of Limerick College of Education) 
 
Eliminate irrelevant information  
You might feel that you are overloaded with too much information and don't know where to start. Read 
through selected documentation and highlight the relevant information. By doing this you eliminate 
irrelevant information.  
The different stages of eliminating irrelevant information  
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COMMUNICATE the information  
A very important aspect of the Information Literacy Process is to communicate information correctly and 
effectively. The following will give you guidance:  
Writing a report/assignment 
Tips for presentations 
Tips for designing a poster 
Tips for designing a brochure 
Tips for displays 
E-communication guidelines 
Writing styles 
Acknowledgement: Image - www.jefftolbert.com/ communicate.htm 

 
Legal USE of the information  

 
To be able to use the information you have 
found, you will have to know the legal 
requirements. The following is extremely 
important to ensure the correct use of 
information. 

Plagiarism 

What is plagiarism? 
Consequences of 
plagiarism 

What is a "Paper Mill"? Detection Tools 

Copyright 

SA Copyright Law Own vs others work 

Practical copyright tips   

 
Legal USE of the information 
Plagiarism - what is plagiarism? 
 
"Most simply, plagiarism is intellectual theft. Any use of another author’s research, ideas, or language 
without proper attribution may be considered plagiarism."  
 
Source: http://www.zoology.ubc.ca/bpg/plagiarism.htm 
It is unethical and illegal to submit someone else's work as your own - it is the same as stealing.  
Plagiarism can take various forms. It can be blatant theft or accidental "borrowing". See the 
following examples: 
You submit an assignment done by another student (or from a paper mill) as your own. 
You pay another student to write an assignment for you and hand it in as your own work. 
You copy and paste sections from someone else's work and add it to your work without acknowledging 
the source.  
Although this sometimes happens accidentally, it is still considered plagiarism: 
You have done a lot or reading and made notes for your assignment. At some point you find a good idea 
between your notes, but you can't remember whether it was your idea or someone else's. If you submit 
this as your own work and it turns out that it was not your idea, you have committed plagiarism. 
If you make use of someone else's work, you must make sure that you have the correct citation 
information and add it to your assignment.  
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Source: http://www.engl.niu.edu/comskills/students/plagiarism/Plagiarism.html 
 
Practical copyright tips 
Research or personal or private use 
For the purpose of research or private study, or for personal or private use Section 12 
(1) of the Act allows the making of a single copy of a reasonable portion of a work, 
consistent with fair dealing. 
It is generally accepted that the copying of the whole or a major portion of the work in 
question is not reasonable and not compatible with fair dealing.  
The user may not make the copy available to others.  
Copyright shall also not be infringed for the purposes of critical review or reporting of current events in a 
newspaper, film or broadcast.  
 
Writing the report / assignment 

The following steps will help you with the whole process of writing a 
report/assignment: 
 
Do you feel like this? Visit and study the different sections regularly and 
soon you will feel completely at ease with the process. Enjoy the 
journey... 
Writing the report / assignment 
Writing the first draft 
When you have read extensively, and assimilated and summarised sufficiently, 
it is time to write the first draft of your assignment.  

Write an introduction in which you introduce your topic and outline, summarise your approach to the 
subject.  
Write your essay in your own words. It is important that it should not consist of chunks lifted from 
various sources, clumsily linked together. A critical essay should indicate to your lecturer that you have:  
Understood the topic.  
Thoroughly researched the topic. 
Exhausted the topic within the terms of reference you were given.  
Emphasised certain factors and aspects.  
Interpreted data.  
Compared facts, points of view, etc.  
Evaluated points of view, arrived at some independent conclusions. 
Presents the points in your argument in a logical, reasoned flow. 
Summarised, reached a logical conclusion and been able to make recommendations.  

You will not necessarily be doing all of the above in one particular essay, as your conclusion will 
obviously depend on the nature of the assignment and what you set out to do. 
Pay particular attention to layout and numbering.  
Number your pages as well as the various chapters, sections and sub-sections of your essay.  
The easiest way to number is as follows:  
1. Introduction 
2. A definition of advertising 

3. Modes of manipulation 
  3.1 ... 
  3.2 ... 
  3.3 ... 
4. ...etc. 

It is considered good practice to number only up to the third level, e.g. 1.1.3. Thereafter it is better to use 
(a), (b) etc., or just to use bullets. Long number hierarchies become difficult to read. And When you have 
exhausted the topic, write a conclusion which sums up your main line of argument and your most 
important findings. 

Writing the report: Writing the final draft 
Tips for displays  
A display is to show or make something visible. (The Collins English Dictionary, 1986. London: 
Collins) 
Displays are used in many contexts to communicate information and draw the attention of clients. 
Some practical tips: 

Eye catching 
The most important aspect of a display is that it should be eye-catching. You have only a 
few seconds to get people interested in the display. Make use of colour, visuals 
(graphics, photographs, etc.) and a good layout (design). 

Position  

The position or location of the display is also extremely important. It should be at a place 
where you will receive maximum "user traffic". It is also important to move displays 
around and not always have them in the same spot. This will make users aware that there 
is a new display. 
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Resources used 
in displays 

You can use many different types of resources to make your display interesting and eye-
catching, such as posters, pamphlets, books, periodicals, newspaper clippings, 
sound, computer screens with interesting visuals, etc. The type of resources you use 
will depend on your target audience, the purpose of the display and what you are trying to 
achieve. In a Library it is not possible to use sound, as it can disturb other users. 

 
E-communication guidelines 
There are various ways of communicating information, one of which is e-communication. This section 
will discuss some of the different ways of communicating information electronically 
 
Writing styles 
The following are links on the internet that will provide you with information on grammer, writing skills, 
etc. 

Business Writer's Free Library 

Writing Skills (Strathclyde University, Scotland) 

Basic Writing Skills Guide Sheet (Assumption College, Massachusetts) 

Homework Center: Writing Skills 

 

File Transfer Protocol (FTP) 

What is it? 
FTP stands for "File Transfer Protocol", a "communication standard which allows computers to transfer files 
back and forth in spite of differences in how different operating systems handle file names, directories and file 
formats".  

Pros 
FTP is a fast alternative to normal mail. 
A quick and cost-effective way of sending information across the Internet. 

Cons In some cases very user-unfriendly. 
E-mail  

What is it? 

E-mail is an electronic mail function that allows you to exchange messages and information with other people 
on the network, via your computer. To be able to send e-mail your computer has to: 
be connected to the Internet 
have e-mail software, which is normally part of any Internet Browser such as Internet Explorer and Netscape. 

Pros 

A very quick (time-saving) way of communicating with others. 
Cost-effectve. 
You can include attachments (documents, photographs, graphics, etc.) to your e-mail and the person receiving 
it can easily just view, print or save it on the other side. 

Cons 

Encourages poor writing habits. People tend to type in a few sentences, click the "Send" button and ignore 
proper writing styles. 
If your message is extremely confidential it is better not to send it via e-mail, as e-communication is not totally 
secure. 

Listservs  

What is it?  

A listserv is an electronic gathering place for people with similar interests. (Miller, 1997:188). There are millions 
of these listservs available on the Internet.  
When you connect your e-mail to such a list, you will continually receive information about that topic via e
Within such a group, people post messages. 

Pros  
Network easily with others to share ideas, gain information and ask for assistance.  
Disseminate information to a large audience quickly.  
Stay attuned to issues, concerns, and changes in your field of interest.  

Cons  
Often contains spam messages (junk mail). 
Your e-mail address can be overloaded with too many messages coming through, especially when you are 
away for a few days and/or were unable to read your e-mail every day.  

A listserv is an electronic gathering place for people with similar interests. (Miller, 1997:188). There are millions 
of these listservs available on the Internet.  
When you connect your e-mail to such a list, you will continually receive information about that topic via e-mail. 
Within such a group, people post messages. 
Network easily with others to share ideas, gain information and ask for assistance.  
Disseminate information to a large audience quickly.  
Stay attuned to issues, concerns, and changes in your field of interest.  

Often contains spam messages (junk mail). 
Your e-mail address can be overloaded with too many messages coming through, especially when you are 
away for a few days and/or were unable to read your e-mail every day.  
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Resource sites 
 (hyperlinks of following sites are enlisted at the end of this section) 
Gateways 
BioMedNet  World Wide Club for the Biological and Medical Community.  It highlights 
BioMedNet's top features and provides a swift registration procedure. 
BIOME BIOME is a collection of gateways which provide access to evaluated, quality 
Internet resources in the health and life sciences, aimed at students, researchers, 
academics and practitioners. It is based at the University of Nottingham Greenfield 
Medical Library. 
Compugen Compugen produces computer hardware and software to accelerate 
bioinformatics algorithms; also engages in gene discovery and drug developments 
and offers bioinformatics tools via Internet portal. 
Faculty of 1000 Faculty of 1000 is a new online research tool that highlights the most 
interesting papers in biology, based on the recommendations of over 1000 leading 
scientists 
Pubscience 
Pubscience has been discontinued. Scientific and technical information is available at 
www.osti.gov. Specific links are available for journal literature at 
www.osti.gov/journal_sources.html. 
BioTech Life Sciences Resources and Reference Tools 
Indiana University compilation of resources including a life sciences dictionary, 
chemical acronyms, anticancer natural products (Cyberbotanica) and metabolic 
pathways. 
Cytokines Online Pathfinder Encyclopaedia (COPE)  
Web site of the Cytokines Online Pathfinder Encyclopaedia.  COPE is the electronic 
updated and revised version of the "Dictionary of Cytokines " that appeared in print in 
1995. 
Sci.Chem FAQ Frequently asked questions from the Sci.Chem archives. 
ScienceResearch 
A web portal allowing access to numerous scientific journals and public science 
databases. It allows students, teachers, professors, researchers, and the general 
public to access pertinent science information quickly and easily. 
TheScientificWorld TheScientificWorld is an integrated scholarly Web portal to 
services, resources, and products intended to enhance and accelerate the research 
efforts of science professionals. Search engines 
Scirus Scirus covers scientific, technical and medical information sources and offers a 
unique combination of both web and membership sources. It excludes sites that 
contain no scientific content and reads non-text files (like pdf). It searches deeper by 
indexing complete documents and classifies results into pre-defined subject areas. 
Bio-informatics  
NetGenics  
Provides its expertise in bioinformatics to pharmaceutical, biotechnology and 
agriscience enterprises seeking to solve specific research integration problems. 
South African National Bioinformatics Institute  

The STACK searcher lets you perform a BLAST search of your sequence against any 
of the STACK tissue databases.  
UK Crop Plant Bioinformatics Network  
Web site of the UK Crop Plant Bioinformatics Network (UK CropNet). Established in 
1996 as part of the BBSRC's Plant and Animal Genome Analysis special initiative, 
their focus is the development, management and distribution of information relating to 
comparative mapping and genome research in crop plants. 
Bio resource center  
American Type Culture Collection (ATCC) 
"ATCC is a global non profit bio resource center that provides biological products, 
technical services, and educational programs to private industry, government, and 
academic organizations around the world. Our mission is to acquire, authenticate, 
preserve, develop, and distribute biological materials, information, technology, 
intellectual property, and standards for the advancement, validation, and application of 
scientific knowledge." 
National Cell Culture Center  
NIH National Center for Research Resources national resource providing customized 
large scale cell culture services to basic research laboratories. 
Protein Data Bank  
The PDB of the Research Collaboratory for Structural Bioinformatics is the single 
international repository for the processing and distribution of 3-D macromolecular 
structure data primarily determined experimentally by X-ray crystallography and NMR. 
Simple or advanced searches can be carried out and there is also a news section. 
Biotechnology 
UK Biotechnology Finance Advisory Service  
This service, sponsored by the Department of Trade and Industry, assists in 
identifying potential funding sources, signposts other assistance available and 
improves communication between biotechnology companies and finance providers. 
The GERON Corporation The web site of the leading biotechnology company whose 
primary area of research is the human aging process. 
Electronic books 
Free books for docters AMEDEO has launched http://www.FreeBooks4Doctors.com 
with more than 400 free books. 
Genes  
Gene Expression Omnibus Launched by NCBI, Gene Expression Omnibus (GEO) 
aims to build a gene expression data repository and online resource for the retrieval of 
gene expression data from any organism or artificial source. 
NCBI OMIM Searchable Database This page allows you to search the OMIM Gene 
Map (the cytogenetic map location of disease genes and other expressed genes 
described in OMIM) and OMIM Morbid Map (the cytogenetic map location of disease 
genes described in OMIM). 
TIGR Human Gene Index The TIGR Human Gene Index (HGI) integrates research 
results from international human gene research projects, including research at TIGR. 
The Index is an outgrowth of our Human cDNA Database (HCD) and Expressed Gene 
Anatomy Database (EGAD) projects. All data in the Index are freely available and do 
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not require a user account for access. The goal of this project is ultimately to represent 
a non-redundant view of all human genes and data on their expression patterns, 
cellular roles, functions, and evolutionary relationships. The database will also include 
links to genomic sequences, mapping data, 3D structures, and literature references. 
UNIGENE  
UniGene is an experimental system for automatically partitioning GenBank sequences 
into a non-redundant set of gene-oriented clusters. Each UniGene cluster contains 
sequences that represent a unique gene, as well as related information such as the 
tissue types in which the gene has been expressed and map location. In addition to 
sequences of well-characterized genes, hundreds of thousands novel expressed 
sequence tag (EST) sequences have been included. Consequently, the collection may 
be of use to the community as a resource for gene discovery. UniGene has also been 
used by experimentalists to select reagents for gene mapping projects and large-scale 
expression analysis. 
Genomes 
Demeter's Genomes Demeter's Genomes is primarily a site for communication of 
Plant Genome data amongst scientists worldwide. Data includes information on plant 
genes, chromosome maps, DNA fingerprints, beneficial traits and crop that possess 
those traits. The information is contributed by the scientists who discover it, and 
integrated into a coherent databases by teams of experts in each crop. 
DoubleTwist  
Integrated genomics portal that provides a secure and comprehensive technology 
platform to simplify and accelerate life science discovery. 
Life sciences 
Lion Bioscience  
Provides intergrated Life Science Informatics and drug discovery solutions to 
revolutionize and accelerate Life Science research. 
Manufacturers 
AstraZeneca  
Pharmaceuticals, agrochemicals and specialty chemicals manufacture. 
Methods and protocols 
MethodsFinder (BIOSIS)  
Protocols and methods in molecular biology, biotechnology etc. compiled from 
published methods, meeting presentations, web resources and author submitted 
methods. Evaluated by editorial staff of BIOSIS for Biological Abstracts. Free trial 
available, or 3 months free access to authors who submit their own new methods. 
Coverage is 1998 onwards, but retrospective material will be added. 
Current protocols in molecular biology 
Molecular biology 
ExPASy Molecular Biology Server  
The ExPASy server is dedicated to the analysis of protein sequences and structures 
as well as 2-D PAGE. Databases, documentation, tools and services are all available 
on this site. Links to other molecular biology resources and servers are included. 
Oxford Molecular Group  

Oxford Molecular is a worldwide provider of information technology and drug discovery 
research services to the pharmaceutical, biotechnology and chemical industries. 
National Center for Biotechnology Information (NCBI)  
Established in 1988 as a national resource for molecular biology information, NCBI 
creates public databases, conducts research in computational biology, develops 
software tools for analyzing genome data, and disseminates biomedical information - 
all for the better understanding of molecular processes affecting human health and 
disease. 
The THCME Medical Biochemistry Page From the Terre Haute Center for Medical 
Education, this site links to many areas of biochemistry and molecular biology. 
University of Illinois at Chicago - Biochemistry and Molecular Biology  
University of Kansas. Department of Biochemistry and Molecular Biology  
WITS Biochemistry  
Biochemistry and Cell Biology WITS webpage. 
Photosynthesis 
Photosynthesis Center Arizona State University's Center for the study of early events 
in photosynthesis provides links to the major photosynthesis web sites. 
RNA Research page  
Algorithms, thermodynamics and databases for RNA secondary structures 
Michael Zuker is an Associate Professor of Biomedical Computing at Washington 
University's School of Medicine. This is a link to his RNA research pages. 
Folding@home Folding@home project is based in the Pande group in the Dept. of 
Chemistry, Stanford University. The group works on theory and simulations of how 
proteins, RNA, and nanoscale synthetic polymers fold. 
Societies or counsels  
Biochemical Society - Nucleic Acids and Molecular Biology Group 
This group is a special interest group of the Biochemical Society and the Royal 
Society of Chemistry, organising meetings and conferences on the subject of nucleic 
acids and molecular biology. Their site includes details of how to apply for a bursary to 
attend any of the Group's colloquia. 
The Biochemical Society This site includes details of the Society's conferences and 
publications and a full list of the society's Special Interest Groups which concentrate 
on specific areas of study within the field of biochemistry. 
Biotechnology and Biological Sciences Research Counsel  
The Biotechnology and Biological Sciences Research Counsel is established by Royal 
Charter for three purposes: to promote and support high-quality basic, strategic and 
applied research and related postgraduate training relating to the understanding and 
exploitation of biological systems; to advance knowledge and technology, and provide 
trained scientists and engineers, which meet the needs of users and beneficiaries 
(including the agriculture, bioprocessing, chemical, food, health care, pharmaceutical 
and other biotechnologically related industries), thereby contributing to the economic 
competitiveness of the United Kingdom and the quality of life; to provide advice, 
disseminate knowledge, and promote public understanding in the fields of 
biotechnology and the biological sciences. 
Software 
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InforMax  
InforMax is a developer of bioinformatics software for accelerated drug discovery. 
Meta-MEME (San Diego Supercomputer Center)  
Meta-MEME is a software toolkit for building and using motif-based hidden Markov 
models of DNA and proteins. The input to Meta-MEME is a set of similar protein 
sequences, as well as a set of motif models discovered by MEME. Meta-MEME 
combines these models into a single, motif-based hidden Markov model and uses this 
model to produce a multiple alignment of the original set of sequences and to search a 
sequence database for homologs. 
General Links  
Biology website, biomedical websites and chemistry websites  
Hyper link list of above references: 

BioMedNet http://www.biomednet.com/libs?group_id=8785
00, http://www.ncbi.nlm.nih.gov/geo/ 

BIOME http://biome.ac.uk/biome.html 

Compugen http://www.cgen.com/ 

Faculty of 1000 http://www.facultyof1000.com/ 

Osti http://www.osti.gov/ 

http://www.osti.gov/journal_sources.html 

BioTech Life Sciences Resources and 
Reference Tools 

http://biotech.icmb.utexas.edu/ 

Cytokines Online Pathfinder 
Encyclopaedia (COPE) 

http://www.copewithcytokines.de/ 

Sci.Chem FAQ http://www.orang-utan.com/ 

ScienceResearch http://www.scienceresearch.com/search/ 

TheScientificWorld http://www.thescientificworld.com/ 

Scirus http://www.scirus.com/ 

NetGenics http://www.netgenics.com/ 

South African National Bioinformatics 
Institute 

http://ziggy.sanbi.ac.za/stack/stacksearch.htm 

UK Crop Plant Bioinformatics Network http://ukcrop.net/ 

American Type Culture Collection 
(ATCC) 

http://www.atcc.org/ 

National Cell Culture Center http://www.nccc.com/ 

Protein Data Bank http://www.rcsb.org/pdb/ 

UK Biotechnology Finance Advisory 
Service 

http://www.ukbfas.co.uk/ 

The GERON Corporation http://www.geron.com/index.html 

Free books for docters http://www.freebooks4doctors.com/ 

Gene Expression Omnibus NCBI OMIM 
Searchable Database 

http://www.ncbi.nlm.nih.gov/Omim/searchmap.h
tml 

TIGR Human Gene Index http://www.tigr.org/tdb/hgi/hgiGenInfo.html 

UNIGENE http://www.ncbi.nlm.nih.gov/UniGene/index.htm
l 

Demeter's Genomes http://ars-genome.cornell.edu/ 

DoubleTwist http://www.doubletwist.com/ 

Lion Bioscience http://www.lionbioscience.com/ 

AstraZeneca http://www.astrazeneca.com/ 

MethodsFinder (BIOSIS) http://www.methodsfinder.com/free/free_frame_
search.html 

Current protocols in molecular biology http://www3.interscience.wiley.com/cgi-
bin/browsebyproduct?type=5 

ExPASy Molecular Biology Server http://www.expasy.ch/ 

Oxford Molecular Group http://www.oxmol.co.uk/ 

National Center for Biotechnology 
Information (NCBI) 

http://www3.ncbi.nlm.nih.gov/ 
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The THCME Medical Biochemistry 
Page 

http://www.dentistry.leeds.ac.uk/biochem/thcme
/home.htm 

Photosynthesis Center http://photoscience.la.asu.edu/photosyn/educati
on/learn.html 

Algorithms, thermodynamics and 
databases for RNA secondary 
structures 

http://bioinfo.math.rpi.edu/~zukerm/rna/ 

Folding@home http://www.stanford.edu/group/pandegroup/Cos
m/ 

http://www.biochemsoc.org.uk/ 

Biochemical Society - Nucleic Acids 
and Molecular Biology Group 

http://www.biochemsoc.org.uk/groups/namb/na
mb.htm 

Biotechnology and Biological Sciences 
Research Counsel 

http://www.bbsrc.ac.uk/ 

InforMax http://www.informaxinc.com/ 

Meta-MEME (San Diego 
Supercomputer Center) 

http://metameme.sdsc.edu/ 

Biology website http://www.sun.ac.za/library/eng/finding/Subject
_Pages/biology_websites.html 

biomedical websites http://www.sun.ac.za/library/eng/finding/Subject
_Pages/biomedical_websites.html 

chemistry websites http://www.sun.ac.za/library/eng/finding/Subject
_Pages/Chemistry/chemistry_websites.html 
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Establishing and Maintaining Web Presence: A guide 

 
What is Web Presence? 
Web presence is in essence the gift to see ourselves as others see us, enhanced uniquely by the 
Internet. It might be more precisely defined as an ability to convey messages in text, sound, and image 
over the Internet through means of communicating asynchronously through fixed URLs. It used to be 
that to establish Web presence, one had to be in that group of cognoscenti known as "Webmasters" 

who created sites in HTML code and then uploaded files manually to host servers with restricted access. 
But nowadays, anyone with an Internet connection can be a 'Webmaster' in a matter of minutes. This 
article explores some of the tools making that possible. 
There are many reasons why teachers might be interested in Web presence. First of all, teachers might 
want to bookmark information on a particular area of expertise within their field for their own use and 
then share it with peers, or they might want to help students establish Web presences themselves so 
they can write authentically and communicatively to an audience extending beyond the walls of the brick 
and mortar classroom. Since maintaining a Web presence can become a complex and time consuming 
task (setting up Web presence is easy compared to maintaining constant updates and enhancements) 
teachers can find that the job becomes unwieldy when they try and maintain Web sites for whole 
classes of students. Teachers in this position will appreciate knowing about tools within reach of the 
most casual novice computer-users which will facilitate this task, so that students with Web access can 
easily be trained to maintain their own online Web presences. 

Hosting your Site 
Once you've started creating your own Web pages, you might find the blog format limiting, or you may 
want to design your own Web spaces which you develop reflectively offline, or in a local or LAN 
environment with intent to upload it later to the Internet. You can of course create interlinked sets of 
Web documents, put them online, and link to them from your blogs, and visa versa. To do this you'll 
have to either purchase space on a Web server or sign up for a free service (ads!!). If you pay for the 
service you can expect your site to be ad-free and to be able to FTP numerous files at a time, making 
your Web site fairly easy to manage. Most of the free services restrict you to an HTML upload interface 
that can make maintenance of your site tedious, but you get what you pay for and they want you to 
upgrade to their paid services. 
There are a number of free Web hosting sites. <http://www.tripod.lycos.com/>. 
(http://geocities.yahoo.com/, recently acquired by Yahoo), whose free service seems to be accompanied 
only by an ad in the corner of each page, easily dismissed.  
If you are concerned that using free Web hosting services could be annoying, you might consider a 
minimum-level paid service. This would be ad-free and should grant you access to FTP uploading, and it 
normally costs around Rs.300 a month. There is more information, including links to lists of potential 
host sites, at the URLs below: 
From the Webheads Syllabus: 
http://www.vancestevens.com/papers/evonline2002/week5.htm#uploading  
From the 10 e-Z Steps guide: http://www.homestead.com/prosites-
vstevens/files/pi/very_basics/housekeeping.htm#presence 
There are set of tools required to process the data and to present on the web and following are the 
screen capture shots of the some of these soft-tools. 
 
The Nero express: Collected data or compiled data should be stored on some transportable media like 
CD. This software is helping us to make CDs from our stored data in easy steps. The software is easily 
guiding people to prepare the CD with required files. Built in wizards of nero software are user-friendly in 
not only making data CDs but also for making our video, photo CDs and DVDs.  

 
Adobe image tools: Adobe Photoshop is used to process the images for more accurate colours, format 
and size requirements. Using Adobe Imageready the images are optimized for web requirements. Here 
pictures are sliced and processed for other performance in relate with the internet techniques. Eg. GIFs, 
mouse rollovers, etc. 
 
ACDsee:  It is a popular image browser as well batch processor of images. Set of image files can be 
easily renamed and resized. 
 
Cute FTP: FTP stands for ‘File Transfer Protocol’ which helps transfer the computer files between the 
local system and the remote server through net connection. 
 
Web Copiers: There are lot of website copiers available as free resource softwares. There are people 
to help to extract the entire website with all related hyperlinks and linked pages and images. To collect 
the huge amount of data they are handy and helpful. Though commercial websites are prevented from 
copying in local machines, while coping websites, copyright issues have to be considered to avoid 
problems. 
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HTML editors: Last but not least the html editors are much more essential in processing the internet 
files. IT may be as simple as ‘notepad’ and comes along with windows or quite resource consuming 
Macromedia Dreamweaver. The main process involved is the editing of html tags. The following are the 
popular webpage is more user-friendly and very flexible to organize the web contents. HTML Kit is the 
other software (freeware) that is equally well functioning and highly resourceful (with automated java, 
dhtml, etc. scripts). 
 
WEBSITE MAINTENANCE: 
 
The final structure of the website is evaluated and uploaded using the discussed tools. The entire 
content will be burnt on CD which itself will act as a website, i.e. complete hyperlinked functional pages. 
 
A team of pupils may volunteer to maintain the internet site further by holding power of online 
processing of the website. They will be having the password to modify the website. Other members of 
the website building team are expected to communicate the site maintenance team for updating their 
personnel pages with newer versions or latest (modified pages). 
 
With proper publicizing of the created website in this 30 days workshop, if the contents are useful and 
attractive to the society and target groups, sure there will be substantial benefits to the team like winning 
awards and recognitions.  

 

 
Sources:  
Major  portion of ‘Basics of Computer’ from http://www.kidsdomain.com/brain/computer 
and others 
http://www.kaboose.com 
Internet basics and HTML: http://www.askjeeves.com and http://www.web-source.net/ 
Easy Internet by Joe Kraynak, QUE publication 
Bioresource Data processes: http://www.sun.ac.za 
Digit Fast Track booklets; The Internet (Aug. 2005) and your Web presence (Sep. 2005) 
Faster Smarter HTML & XML - Michael Morrison, Microsoft Press 
A+ Complete, Study Guide, David Groth, SYBEX Inc. Canada 
Managing Intellectual Assets in the Digital Age, JH. Matsuura, Artech House, London 
The Internet Resource Directory for K.12 Teachers and Librarians, Elizabeth B. Miller, Greenwood 
Publishing Group, Inc., Colorado 
www.webdesignmastery.com 
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Disclaimer 
 
This “Technical Manual” is intended for distribution to the participants of “Vacation Training Programme for School 
Children on Bioresources” conducted by Shri AMM Murugappa Chettiar Research Center (MCRC), Taramani, Chennai 600 

113 sponsored by National Bioresource Development Board, Department of Biotechnology, Government of India, New Delhi 
and held at Shri M.V. Arunachalam Technology Resource Centre, Vadakadambai, Mahabalipuram between 12.5.2005 to 
10.6.2006. This is not for sale or any other purpose other than mentioned above. 

 


