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Vegetable crops are the rich source of various health building substances especially 

vitamins and minerals and offer an advantage for food and nutritional security. 

Besides, their high yield potential per unit area and time, diverse varietal wealth, 

labour intensiveness, high market price and prospects of processing, value addition 

and export, they play an important role in employment generation, and livelihood 

improvement. India has been bestowed with varied agro-climatic conditions ranging 

from sub-tropical to temperate, serving as an off-season hub for production of quality 

vegetables in one or the other region through out the year.

This "Practical Manual – Olericulture-ii” provides information on different aspects 

of vegetable production viz., identifi cation of vegetable crops, different inputs used 

in raising vegetable crops including tools and implements and procedures involved 

in nursery raising and vegetable production right from land preparation to harvesting 

(both green and seed production) along with off-season vegetable production under 

extremes of environmental conditions. There are 19 practicals in this book to impart 

practical knowledge to the students. The students have been provided with exercises 

and data sheets to have a practical insight of the subject. The educational visits to 

vegetable gardens and seed production farms may be arranged for the students to 

inculcate practical skills and better understanding of the subject. The information 

to be gathered from the visits has been appended in the respective exercises. This 

practical manual is an effort to sensitize the students about practical aspects of 

vegetable production and will motivate them to choose vegetable production as an 

enterprise.

Vineet joshi, iAS
Chairman, CbSE

PREFACE
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Practical-1
Visit to Vegetable Field to 

Study Methods of Vegetable Cultivation

ExErCiSES

1.1 Visit to a vegetable garden to study its features and to know about various agronomic practices followed 

to raise vegetable crops.

1.2 Identification of vegetable crops with reference to stage of crop growth, flowering and marketable stage 

of the vegetables.

ObjECTiVES

● Studying features of an ideal vegetable garden.

● Acquaintance with different vegetable crops growing in a vegetable garden, their cultural practices and 

identification.

Delivery schedule: 02 periods.

Student's expectations/learning objectives:

● To know about different vegetables crops grown in a vegetable garden.

● Cultivation practices adopted to grow vegetables.

● Identification of different vegetable crops on the basis of different morphological characteristics.

Pre-learning required: Knowledge about different vegetable crops

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, 

forceps, hand lens, and pictures of different vegetables.

introduction:

Cultivation of vegetables occupies an important place in agricultural development and economy of the 

country. Vegetable gardening is an important source of income. Vegetable farming gives higher yield per 

unit area within the shortest possible time which ultimately increases the income. Several vegetables are 
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exported to foreign countries which provide an opportunity for earning foreign exchange. The vegetables 

play an important role in the balanced diet of human beings by providing not only the energy-rich food but 

also promise supply of vital protective nutrients like minerals and vitamins that is why the vegetables have 

been reckoned as a protective food. It is indeed important for children to know about different vegetable 

crops, their nomenclature, at what time we grow them, how do we grow them, what are their important 

insect- pests and their control measures, what are the consumable parts of different vegetables and how do 

we harvest and market them.

Following points should be considered while planning for vegetable cultivation :-

1. Proper sunlight:  Vegetables are sun loving crops and grow their best with 6-8 hours or more of direct 

sunlight. Leafy greens can manage to grow under less sun light while lettuce prefers cool weather and 

continue to grow throughout the summer if shaded by taller plants.

2. Assured irrigation facility:  Ideal vegetable garden should be close to the source of water. Vegetables 

need water at regular intervals. If there is erratic water supply, vegetable crops exhibit various kinds 

of problems like poor crop stand, poor growth, fruit cracking, improper fruit setting or physiological 

problems like blossom end rot in tomato.

3. Soil with good fertility status: Soil is the most important factor in any garden and perhaps more so 

in a vegetable garden. Vegetables are short duration crops and have very high yield potential. They 

complete their entire life cycle by producing flowers and fruits and hence, they are very heavy feeders. 

A rich soil not only supports them to grow strong but also protect them from disease and pest problems. 

Therefore, the soil in the vegetable garden should be rich in organic matter and fertility status. Compost 

and composted manure can be added to improve fertility of soil.

4. Proper drainage: Another important consideration while selecting land for vegetable garden is that the 

area should have provision of proper drainage and run-off. Vegetables do not sustain under water logging 

conditions. 

5. Manure pit: Manure pit is essential to dump the waste plant materials after the harvest of the produce 

and converting it to vermicompost or any other compost.  This enables to supply considerable quantity of 

organic manure to the farm. The manure pit should be located in a corner of the vegetable garden.

6. Protection from stray animals: Proper fencing of the vegetable garden is essentially required to protect 

the crops from stray animals and also from theft.

7. Store and packing house: The store house and packing house should be in the centre of the vegetable 

garden for easy approach to the workers. The implements, tools or inputs like herbicides, pesticides, 
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fungicides, fertilizers etc., can be easly carried for the store house to the field and also bring back the 

harvested produce to the store house for hydrocooling, sorting and packing to the market. In the store 

room, racks should be provided to keep the chemicals. Wooden plank (flat piece of timber) is arranged on 

the floor to keep fertilizer bags. The garden implements, tools and packing material etc. are arranged in the 

rack. 

8. roads and foot paths: These two components should occupy minimum space for the economy of transport 

especially in commercial vegetable cultivation. The metal road in the main areas is advantageous because 

it facilitates the movement of vehicles like tractor or lorry to carry fertilizers, pesticides and harvested 

produce etc.

9. Cropping plan: A comprehensive plan of different vegetables to be grown in the vegetable garden should 

be made well in advance keeping in view the principle that early the crop more shall be the price. 

ideal agronomic practices to be followed in vegetable garden:

You know the importance and necessity of different agronomic practices which are adopted to raise a healthy 

vegetable crop. So, it is imperative to understand the cultural practices which are adopted to raise different 

vegetable crops in the vegetable garden. You should have curiosity to enquire about the following aspects 

which determine the success of vegetable cultivation:

● Suitable variety/hybrids of different vegetable crops

● Reliable source for the procurement of vegetable seeds 

● Optimum sowing or planting time: It determines the environmental conditions at planting, flowering 

and fruit development stage and thus has direct impact on the successful cultivation of vegetable crops. 

● Proper spacing: The closer planting results in overcrowding which ultimately hinder the access to proper 

sunlight and aeration and plants become more vulnerable to the attack of diseases and insect-pests. 

A planned vegetable garden
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● Nutrient management: The balance use of organic and chemical fertilizers enhance soil fertility and 

crop productivity.

● Management of weeds, diseases and insect-pests at appropriate growth stages: It is very essential as 

either of these may cause losses to crop yield to the tune of 30-60 per cent.

● Optimum irrigation at critical growth stages: Irrigation at critical growth stages like flower initiation, 

fruit set and fruit development etc. are very crucial to exploit maximum production potential of different 

vegetable crops as they cannot withstand prolonged dry conditions. 

● Harvesting at proper stage: Appearance, colour, tenderness and crispness determines the harvesting 

stage of a particular vegetable crop to fetch high premium in the market. 

● Post-harvest handling of vegetable crops. 

You can ask the gardener about the cultural practices he is following to raise a particular vegetable crop, 

chemical fertilizers and plant protection measures he is adopting and the problems he is facing in managing 

the garden. Make your observations in the data sheet (Exercise 1.1).

Types of vegetable gardens: Vegetable gardening is of different types such as

1. Kitchen garden

2. Market garden

3. Truck garden

4. Vegetable forcing

5. Garden for processing

6. Garden for vegetable seed production

7. Organic vegetable garden

Vegetable gardening can be taken up as a hobby or as an enterprise. Once you are into the vegetable garden, 

you will feel yourself very close to the nature, the freshness, the mental peace it offers. You will be motivated 

to grow vegetables as they offer many health benefits and it can be taken up as an enterprise. Vegetables can 

be grown through out the year and assures year round income provided the vegetables are grown in a scientific 

manner. On your visit to a vegetable garden notice the aspect (direction) of vegetable garden and make a plan 

of the garden you visited and try to identify different vegetable crops based on their characteristic features.
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Kitchen garden/Home garden: Kitchen or home gardening is growing of vegetable crops in residential 

houses to meet the requirements of the family all the year around. It has the following advantages:

● Efficient and effective use of land for growing essential vegetables for consumption by the family.

● Saves some money as fresh vegetables are quite costly in the market. 

● Constitute a very healthy hobby and the spare time of the family is well utilized.

● Kitchen garden should provide a continuous supply of vegetables to a family throughout the year.

● The vegetables raised in the kitchen garden are pesticide residue free.

● Training/education of children and it also develops a sense of co-operation. 

Characteristic features of an ideal kitchen garden:

● South east aspect is preferred to have maximum sun light.

● For kitchen garden, land should be selected in the backyard of the house (easier to work and make use of 

kitchen waste water). 

● The shape of kitchen garden should be rectangular and a size 25 x 10 m2 is sufficient to meet the daily 

demand of vegetables for a family of 5 persons.

● Layout of the garden should be such that it looks attractive and allow access to all the parts. The land 

should be laid out in small plots with narrow path borders.

● The most suitable vegetables for kitchen gardening are those which produce high yield per unit of area. 

Bean, cabbage, carrot, leek, lettuce, onion, parsley, pea, pepper, radish, spinach and tomato are desirable 

home garden crops. 

● Climbing type vegetables like cucurbits, pea, beans 

etc. can be trained on the fence.

● Several sowings of one particular crop at short 

intervals should be done to ensure regular supply of 

vegetables.

● Quick growing fruit trees like papaya, banana, lime 

etc. should be located on one side of the garden, 

preferably on northern side so that minimum shading 

effect is there on the vegetables. 

Kitchen garden
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● Ridges which separate the beds should be utilized for growing root crops like radish, turnip, beet and 

carrot.

● Early maturing crops should be planted together in continuous rows so that the area is available for 

growing next crop.

● The inter-space of some crops which are slow growing and take long duration to mature like cabbage, 

cauliflower, brinjal etc. should be used for growing some quick growing crops like radish, turnip, palak 

and lettuce.

Market garden: This is a type of gardening which produces vegetables for local market. The cropping 

pattern of these gardens depend upon the demand of the local market. The land being costly, intensive 

methods of cultivation are followed. A market gardener likes to grow early varieties to catch the market 

early. He/she should be a good salesman as he/she may have to sell his/her own produce. He/she must be a 

versatile person as he/she has to grow a number of vegetables throughout the year.

Truck garden: Vegetable gardening in which specific vegetables are produced relatively in large quantities 

for distant markets are termed as truck garden. Truck gardens, in general, follow a more extensive and less 

intensive method of cultivation than market garden. The word truck has no relationship with a motor truck but 

it is derived from French word ‘troquer’ means “to barter”. The commodities raised are usually sold through 

middle man. The truck gardener should be a specialized person in large scale production and handling of 

some special crops. With the development of quick and easy transportation system, the distinction between 

market and truck garden is continuously diminishing.

Vegetable gardens for processing: These gardens are more rapidly emerging with the establishment of 

processing industries by corporate sector. These are mainly responsible for regular supply of vegetables to 

factories. The varieties of vegetables grown in this garden should be suitable for processing like canning, 

dehydration or freezing. 

Vegetable forcing: Vegetables are produced out of their normal growing season of outdoor production under 

forcing structures such as polyhouses, low poly tunnels etc.

Vegetable gardening for seed production: In this gardening, seeds of different vegetable crops are produced 

on large scale. 
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Exercise 1.1: Visiting vegetable garden and studying various agronomic practices to raise vegetable 

crops in data sheet.

DATA SHEET

1. Name of the owner of the garden: .................................................................................................................

2. Address: .........................................................................................................................................................

3. Date of visit: ..................................................................................................................................................

4. Cropping Season: ..........................................................................................................................................

Name of 
the crop

Area sown 
under a 
particular 
crop

Date of 
sowing/ 
transplanting

Name 
of the 
variety/ 
hybrid

Spacing Growth 
stage

Insect-pest 
& disease 
incidence

Expected 
harvest 
duration 
(days)

Expected 
yield
(kg.)

Expected 
income 
(Rs.)

Remarks
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Exercise 1.2: Identification of samples of vegetable plants on the basis of morphological characters and 

recording observations in data sheet.

introduction

It is very important to identify different vegetable crop plants. The vegetable plants differ from each other 

in their morphological characters. The vegetative and reproductive parts of plant help in clear identification. 

Many plants are very distinct whereas some can be distinguished on the basis of some very specific characters 

only. Keen and frequent observations make the identification easy. It is essential to know the different parts 

of the plants before undertaking the identification as these forms the basis of distinguishing characters. Some 

crops are very similar in their morphological characters and it is difficult to identify them especially during 

early stages of their growth e.g. cole crops. 

Procedure:

Step 1. Critically observe the different morphological characters of different crops such as stem, leaf, flower, 

fruit etc.

Step 2. Draw the sketch of each plant.

Step 3. Record the observations with respect to stem, leaf, inflorescence and fruit characteristics in the data 

sheet.

DATA SHEET

Crop Leaf characteristics Stem characteristics Flower/inflorescence 
characteristics Fruit characteristics

Summer Season vegetables

Tomato

Brinjal

Okra

Chilli

Bell pepper

Cow pea

French bean
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Winter season vegetables

Garden pea

Cauliflower

Cabbage

Broccoli

Spinach

Radish

Carrot

Turnip
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Practical-2
Identification of Vegetable Seeds and 

Vegetable Crops at Different Growth Stages

ExErCiSES

2.1 Identification of seeds of different vegetable crops.

2.2 Identification of vegetable crops at different plant growth stages.

Exercise 2.1: Identification of seeds of different vegetable crops

ObjECTiVE

● To impart knowledge of prominent characteristics to identify seeds of vegetable crops.

Delivery schedule: 01 period.

Student's expectations/learning objective:

● Criteria to be adopted to identify the seeds easily

Pre-learning required: Knowledge about vegetable crops

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, seed 

samples of different vegetable crops, petri dishes, hand lens etc. 

introduction:

We have studied the identification of seeds of different vegetable crops practical exercise 6 in ‘Practical 

Manual- Olericulture-I’ of XIth class. It is the revision of that knowledge. As you know that those who are 

associated with vegetable cultivation, it is important for them to identify the seeds of different vegetable 

crops. There are many crops with great similarity in their seed characters e.g. cole crops. For identification of 

seeds, the morphological characters such as shape, size, colour, glossiness etc are the parameters to be taken 

into consideration. Therefore, knowledge of specific seed characters is essential. Perfection in identification 

can be attained by practice, interest and keen observation. Some of the morphological characters which are 

useful in identification of seeds are as under:
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Seed coat: The testa or outer covering of the seed is known as seed coat which may be hard, thick, thin, 

papery or brittle and is developed from the integuments of the ovule.

Size: Seeds are identified as small, medium, or large (big or bold) e.g. seeds of cole crops are small and that 

of okra are medium sized whereas French bean and pea has bold or large seeds.

Shape: The shape of different seeds varies to a great extent. The shape may be spherical, oval, elliptical, rod 

like, flat, elongated, disc like, kidney shaped etc. This is a very important character in identification.

Surface: The surface of the seed may vary from smooth and glossy to dull or rough. There may be some 

wrinkles, reticulate markings, coloured spots etc. The surface may also be covered with some out growths in 

the form of spines, hooks etc. Presence of such marks on the surface makes the identification easy.

Colour: All parts of the spectrum may be represented in the colour of the seeds. The seed may be uniform in 

colour or may be mottled, streaked or spotted. The colour may be white, brown, dark brown, reddish brown, 

cream, amber, purple, yellow, tan, green, purple, black, brightly coloured or dull.

Hilum: It is a scar like structure where the seed breaks off from the funicle. Funicle is a short stalk which 

attaches the seed to the pod. In legume vegetables, it may be small, circular, oblong, cleft or wedge shaped. 

It is prominently visible in pea and bean seeds.

Some important morphological characteristics of seeds of different vegetable crops

1. Solanaceous vegetables:

a) Tomato: Seeds of tomato are yellowish in colour, flat and kidney shaped. Round with wavy flat 

body.

b) brinjal: Seeds are small flattened pale brown, kidney shape with leathery seed coat.

c) Peppers: A rounded, flat, wavy seed that is paper thin, light vanilla coloured.

2. Cole vegetables:

a) Cauliflower: Seeds are small, round, rose-coloured and very hard.

b) Cabbage: Seeds are brown to deep red or black that are small and round in shape. There is a small 

dent down the entire seed. 

c) broccoli: Perfectly round, hard and dark brown to reddish in colour.
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3. Cucurbits:

a) Cucumber: Seeds of cucumber are whitish to pale tan in colour, long skinny flat in shape with 

smooth outer surface and tapering at both the ends.

b) bitter gourd: Seeds of bitter gourd are golden brown in colour, flat in shape and has indents on the 

surface, one end has pointed edge and the other end is flat.

c) bottle gourd: A long seed (7-20 mm), compressed with two flat facial ridges rather irregular and 

rugose/wrinkled.

d) Muskmelon: A long skinny seed (5 mm long), covered with a sticky gelatinous coating with a 

smooth light brown skin.

e) Pumpkin: A large seed with flat body, larger than a squash seed but otherwise very similar, uniform 

tan coloured.

f) Watermelon: A long skinny seed with a shinning black coat.

g) Summer squash: Seeds are large with flat body with distinct edges. Uniform light tan in colour with 

yellowish opening.

4.  root vegetables:

a) Carrot: A very fragrant seed, small and thin, have rough skin, light brown in colour. Mature seeds 

have one side flattened with five longitudinal ribs bearing bristly hair. The hairs are usually removed 

by abrasion during milling and cleaning. 

b) radish: The seeds are oval-shaped, slightly flattened, and reddish brown.

c) Turnip: Seeds are round in shape, blackish or reddish-brown in colour, 1.5–2 mm in diameter.

5. Onion: Small and very black in colour, embryo is endospermic, and crescent shaped. 

6.  Leafy vegetables:

a) Amaranthus: Seeds of amaranth are very small (1-1.5 mm in diameter), spherical, lenticular, shiny, 

white, yellow, golden red, pink or black depending upon the variety of the plant. 

b) Fenugreek: Seeds are brownish in colour, small and stony, oblong, rhomboidal, with a deep furrow 

dividing them into two unequal lobes. Fenugreek seeds have a strong aroma and bitter taste.

c) Spinach: Seeds are straw colored.  Seed shape varies from round, smooth to prickly, pointed.
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7.  Legumes:

a) Garden pea: Seeds of garden pea are dicotyledonous. They are greenish, whitish or yellowish in 

colour depending upon the variety. They may be round, dimpled and wrinkled in shape. 

b) French bean: Seeds are more or less kidney shaped, elongated or nearly globular or somewhat 

compressed; white, brown, red, purple blackish or mottled in appearance.

c) Cowpea: Seeds are variable in size and shape, square to oblong and variously coloured, including 

white, brown, maroon, cream and green.

d) Guar or cluster bean: Mature seeds are white or grey. 

8. Okra: Spherical or ovoid seeds bearing minute warts in concentric rows.

9. Lettuce: Small seed with a pungent odour, long and very thin with a uniform blackish colour.

Exercise 2.1: identify the given samples of seeds on the basis of their morphological characters and 

record your observations on the data sheet.

Materials required: Seed samples, petri plates, hand lens

Methodology:

1. Spread the seeds of different vegetable crops on a glass petri plate and observe them with lens.

2. Note size, shape, colour, surface and other identification marks particularly the location of the hilum, 

wrinkles, spots etc. on the seed surface.

3. Make sketches of all types of seeds.

4. Record your observations in the data sheet.
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DATA SHEET

Crop Size Shape Surface Colour Lustre Any other specific 
character

Tomato

Chilli

Brinjal

Garden pea

French bean

Okra

Radish

Turnip

Carrot

Cauliflower

Cabbage

Broccoli

Knolkhol

Lettuce

Beet leaf

Amaranth

Fenugreek

Onion

Cow pea
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Exercise 2.2: Identification of vegetable crops at different plant growth stages

ObjECTiVE: 

● Identification of vegetable crops at plant growth stages on the basis of morphological characters.

Delivery schedule: 01 period.

Student's expectations/learning objective:

● To know the major characteristic features of different vegetable crops for their easy identification 

Pre-learning required:  Names of different vegetable crops and knowledge about classification of vegetable 

crops.

Handouts/materials/equipments & tools required: Forceps, hand lens, paper sheet, paper and pen to note 

down the instructions and pictures of different vegetables.

introduction

You have studied the identification of different vegetable crops in practical exercise 5 in ‘Practical Manual- 

Olericulture-I’ of XIth class. This exercise further supplements your knowledge to identify different vegetable 

crops on the basis of morphological characteristics. As you know that it is essential to identify different 

vegetable crop plants. The vegetable plants differ from each other in their morphological characters. The 

vegetative and reproductive parts of plant help in clear identification. Many plants are very distinct whereas 

some can be distinguished on the basis of some very specific characters only. Keen and frequent observations 

make the identification easy. It is essential to know the different parts of the plants before undertaking the 

identification as these forms the basis of distinguishing characters. Some crops are very similar in their 

morphological characters and it is difficult to identify them especially during early stages of their growth 

e.g. cole crops.

Procedure:

Step1: Critically observe the different morphological characters of different crops such as stem, leaf, flower, 

fruit etc.



Olericulture-ii    Practical Manual 16

i) root system: 

● Adventitious

● Tap root system

ii) Stem characteristics:

● Hollow or pithy

● Number and length of internodes

● Branched or single stem

● Smooth or ridged

● Leaf arrangement on the stem- alternate or paired

● Presence or absence of any specific characters like tendrils, spines etc.

iii) Leaf characteristics: 

● Shape of leaf- long narrow or ovate or lanceolate 

● Presence or absence of pubescenc

● Type of leaf – simple or compound leaf, petiolated or sessile

● Presence or absence of  leaf sheath

● Leaf margins: serrated or smooth

● Texture of leaf- smooth or rough.

iv) Inflorescence: Fruiting vegetables such as melons, squash, beans, tomatoes, eggplants and peppers 

produce flowers followed by fruits.

● Colour of flowers

● Type of inflorescence.

v) Economic part such as colour, size and shape

Step 2: Draw the sketch of each plant.

Step 3: Record the observations with respect to stem, leaf, inflorescence and fruit characteristics in the data 

sheet.

Step 4: Identify the vegetable crop on the basis of morphological characters discussed in exercise 5 in 

‘Practical Manual- Olericulture-I’ of XIth class
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DATA SHEET

Crop Leaf characteristics Stem characteristics
Flower/inflorescence 

characteristics
Fruit characteristics

Summer Season vegetables

Tomato

Brinjal

Okra

Chilli

Bell pepper

Cow pea

French bean

Winter season vegetables

Garden pea

Cauliflower

Cabbage

Broccoli

Spinach

Radish

Carrot

Turnip
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Practical-3
Determining the Germination 
Percentage of Vegetable Seeds 

ExErCiSE 

3.1 To work out the germination percentage of seeds of vegetable crops. 

ObjECTiVE

● To obtain information with respect to the planting value of the seed.

Delivery schedule: 02 periods.

Student's expectations/learning objectives:

● Importance of determining germination percentage.

● Methods of determining germination percentage.

Pre-learning required: Characteristics of quality seed

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, seed 

sample, petri dish, filter papers, paper towels, tray, forceps, rubber bands, seed germinator, water etc.

introduction: 

Profitable crop production requires seeding rates that provide a sufficient plant population to generate 

the desired yields. To ensure that this happens, you must know the viability and purity of your seed lot. 

Germination testing is the most important quality test in evaluating the planting value of a seed lot. The 

ability of seeds to produce normal seedlings followed by plants is measured in terms of germination test. Seed 

testing under field conditions is normally unsatisfactory as the results cannot be reproduced with reliability. 

Laboratory methods have been considered to give the most uniform, rapid and complete germination wherein 

the external factors are controlled.
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Methods for testing seed germination:

(a) TP (Top of Paper): As the name indicates, the seeds are placed direct on one or more layers of moist 

filter or blotter papers in petridishes. These petridishes are tightly covered with lid and placed inside the 

germination cabinet. The relative humidity in the cabinet must then be maintained to 95-99% to prevent 

drying out during test period.

(b) bP (between Paper): The seeds are germinated between two layers of paper. This may be achieved by 

loosely covering the seeds with an additional layer of paper or by placing the seeds in rolled towels. The 

rolled towels are to be placed inside the germinator in an upright position.

(c) PP (Pleated Paper): Seeds are placed in pleated strips. The paper may have 5-10 pleats which can be 

made in the laboratory. Each pleat may have 10 seeds. The pleated strips are kept in moistened bread 

boxes to ensure uniform moisture conditions. This method may be used as an alternative where TP or BP 

are prescribed.

Procedure/methodology:

1. Petri dish method: Take petri dish and fix filter paper at the base of it. Soak it with water. Put 10-20 

seeds depending on the size of seeds on the filter paper in the petri-dish. Cover the petri plate with its lid 

and keep it in the seed germinator. Always keep the filter paper in the petri dish moist by adding little of 

water as and when required. After one week, take out the petri dish and observe the seed germination. 

Calculate the seed germination percentage by using following formula:

Germination percentage = 
(Number of seeds with normal germination)

(Number of seeds kept for germination)
 ×100

2. Paper towel method

● Take a representative sample of your seed.

● Spread a paper towel on a flat surface and moisten with water until it is thoroughly moisten. 

● Place a total of 100 seeds (or other sample size) in rows on the towel with the help of forceps. Make 

sure of random selection of seeds for your sample. 
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● Moisten a second paper towel and carefully place onto the first paper towel, leaving the seeds 

sandwiched between the two towels.

● Roll up the paper towels with the seeds in-between and fix with rubber band. Place in the seed 

germinator. 

● After one week, remove the towels from the seed germinator and unroll them carefully so that the 

fragile shoots are not destroyed. Count the germinated seeds. 

● Determine the actual percent of germination as explained below

 Germination percentage = 
(Number of seeds with normal germination)

(Number of seeds kept for germination)
 × 100

Observations:

Take any vegetable seeds available & record the germination percentage using petridish method & paper 

towel method.
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Practical-4
To Study Vegetable Seed Treatment with 

Fungicide and bacterial Culture

ExErCiSES

4.1 Vegetable seed treatment with fungicide

4.2 Vegetable seed treatment with bacterial culture

Exercise 4.1: Vegetable Seed treatment with fungicide.

ObjECTiVE

● To study about seed treatment of vegetables with fungicides

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To learn the methods of vegetable seed treatment with fungicide.

● To know the precautions to be taken while seed treatment.

Pre-learning required: Different fungal diseases of vegetables and knowledge about different fungicides 

used for seed treatment. 

Handouts/materials/equipments & tools required: Fungicides (Thiram/ chloropyriphos), vegetable seeds, 

water, measuring cylinder, paper sheet and pen to note down the instructions and observations.

introduction:  

Maintaining the quality of seed is dependent on many environmental factors, some of which are moisture, 

temperature, humidity, and storage conditions. Even though these factors are properly accounted for, seed 

quality may still be reduced by certain seed borne diseases or destroyed by insects and other pests. Research 

has shown that treating seed with one or more pesticides is the most economical and efficient way to protect 



Olericulture-ii    Practical Manual 22

seed from these pests and improve seed quality. Since pesticides / fungicides are poisonous, extra care and 

safety precautions must be taken when applying them and in handling seed after it has been treated. 

Seed treatment refers to the application of fungicide, insecticide or both to the seeds to disinfect (deep 

seeded) and disinfest (over seed coat) them from seed borne or soil borne pathogenic organisms.

Benefits of seed treatment:

1. Prevention of spread of plant diseases both systemic and non-systemic.

2. Seed treatment protects seed from seed rot and seedling blights.

3. Improves germination.

4. Provides protection from storage insects and pests.

In this practical we will learn about methods of vegetable seed treatment with fungicides to manage fungal 

diseases of vegetable crops. The most common fungal diseases of vegetables are:

1. rot: Different parts of the plant decay and rot. Soft plant tissue and bad smell characterize the process. 

eg. Black rot, Black leg in cole crop, Collecotrichum fruit rot in eggplant.

2. Leaf spot: Spots of different colors and increasing size appear on the leaf surrounded by a yellow 

border.

3. rust: Rust or metal like spots on the underside of the leaves.

4. blight: From brown to black colored circular spots on the leaves. They can also appear on the fruit. eg. 

Phomopsis blight in brinjal.

5. Powdery mildew: Light colored powder on the upper surface of the leaves. eg. in cucurbits, peas.

6. Downy mildew: Soft, grey growth on the lower surface of the leaves cause dead spots on the upper 

surface. eg. in cucurbits.

7. Damping-off: Seedling’s disease in most of vegetable crops. The bottom of the stem dries out and the 

seedlings fall over. 

8. Anthracnose: Brown to black colour spots appears on leaves and fruits. eg. Anthracnose in chilli and 

beans.

Fungicide

Fungicide is a chemical or physical agent that kills or inhibits the growth of fungi. Fungicides are applied 

to seed prior to planting and also sprayed to provide effective protection against many seed and soil-borne 
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plant pathogens. Chemical (fungicide) treatment guards against the various seed rots and seedling blights 

that occur during storage or after planting. 

Before using any fungicide or pesticide, read and analyze the information on the label. The label contains 

detailed information about the product, including active ingredients, inert ingredients, a warning statement 

(such as: Danger-Keep Out of Reach of Children or Poison and Handle with Care), antidotes, the kind of 

seed to treat, the kind of pests controlled, the necessary care in handling and use of the treated seed, and a 

disclaimer or warranty clause. 

Fungicides have at least three names, all of which can be found on the label:

● Active ingredient (a.i.): It is the active component of a fungicide. A single active ingredient may be 

marketed under several different trade names.

● Chemical name: the name of the active ingredient (a.i.) in a fungicide (e.g., Methyl 1H-benzimidazol-2-

ylcarbamate).

● Common name: a less technical term for the active ingredient (e.g., Carbendazim).

● Trade name: the patented name under which a product is commercially available (e.g., Bavistin).

Procedure/methodology:

Fungicides are applied as dust, granules, gas, and most commonly, liquid. They are applied to seed, roots 

of transplants, and other propagative organs. These treatments are usually done by the seed company. Some 

treatments need to be done by the grower on-site at the time of planting. The goal is to kill pathogens that are 

on the planting material or to protect the young plant from pathogens in the soil. 

Common fungicides used: For seed treatments generally thiram, chloropyriphos, carbandazim, mancozeb 

and captan is recommended against the fungus. 

Vegetable seed treatment with fungicides protects the seeds/ seedlings from the common soil inhibiting fungi 

that may cause various diseases. Seeds should be treated according to label directions. Be sure to check seed 

package labels for seed treatment to avoid double treatments (in case the purchased seed is already treated).  

There are two methods of using chemicals: 

● Dry/ Dust method:  Place the seed and chemical in a closed container and agitate vigorously for several 
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minutes until the seed is uniformly coated with dust. Best results are obtained when the container is twice 

the volume of the seed to be treated. 

● Wet/ Slurry method: This method is used when it is needed to kill the pathogen living inside the seed. 

Add enough water to a wettable powdery formulation of the selected fungicide to make a sloppy paste. 

Place the seed in the slurry and stir or swirl until the seeds are thoroughly coated. Dry the seed before 

planting. Do not over dose. 

Mostly 2-2.5g/ kg of seeds is used in dry method and 2-2.5g/ litre of solution is required in wet method to 

treat the seeds.

recommendations of seed treatment for different crops

S.No Name of Crop Disease Seed Treatment

1. Tomato Soil borne infection of fungal 
diseases
Early blight & Damping off

Trichoderma viride @ 2 g/100g 
seed. Captan 75 WS @ 1.5 to 2.0 g 
a.i./litre for soil drenching.

2. Chillies Anthracnose
Damping off

Seed treatment with Trichoderma 
viride 4g/kg, Carbandazim @ 
1g/100 g seed.

3. Cruciferous vegetables 
(Cabbage, Cauliflower, 
Broccoli, Knol-khol, 
Radish)

Soil / Seed borne diseases 
(Damping off)

Seed treatment with Trichoderma 
viridi@2 g/100 g seeds 
Captan 75% WS@1.5 to 2.5 g a.i./
litre for soil drenching.

4. Pea Root rot 
White rot

Seed treatment with Carbendazim 
or Captan@2 g/kg seed
Thiram+Carbendazim@2g/kg 
seed. Carbendazim or Captan@2g/
kg seed

5. Leguminous vegetables Soil borne infection Trichoderma viride@2g/100g seed

6. Potato Soil and Tuber borne diseases Seed treatment with MEMC 3% 
WS@0.25% or boric acid 3% for 
20 minutes before storage.

Precautions:

Precautions to be taken while treating the seeds with chemicals are as follows:

1) All chemicals used for seed treatment are poisonous to man and animals when taken internally. Some 

may cause mild to severe skin irritation if come in contact with skin.
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2) Avoid inhaling the dusts or fumes. 

3) Treat seed outdoors or in a well-ventilated room. 

4) Wear protective clothing, eye wear and rubber gloves to reduce the risk of exposure with body parts of 

the user. 

5) After treatment or at frequent intervals, wash exposed skin with soap and water.

6) Carefully mark treated seed and do not use it for feed, food, or oil purposes. 

7) Keep seed-treatment chemicals in a locked cabinet in their original containers.

8) Make sure that containers used for treated seed are thoroughly cleaned before they are reused as seed 

bags. Never use such bags for feed or food. 

9) Follow the manufacturer’s directions given on the container regarding concentration, dosage, mixing and 

other handling precautions.

Exercise: 4.2: Vegetable seed treatment with bacterial culture.

ObjECTiVE

● To perform seed treatment of vegetables with bacterial culture.

Delivery schedule: 01 period.

Students expectations/learning objectives: 

● Identify bacterial cultures used for vegetable treatment.

● To learn the methods of vegetable seed treatment.

● To know the precautions to be taken while seed treatment.

Pre-learning required: Biofertilizers for vegetable production and names of different bacterial cultures 

used for seed treatment. 

Handouts/materials/equipments & tools required: Bacterial culture, vegetable seeds, water, measuring 

balance, measuring cylinder,  jaggery, paper sheet and pen to note down the instructions and observations.
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introduction:  

Bacterial cultures in the form of biofertilizers are used as seed treatments. Biofertilizers are the preparations 

containing living cells or latent cells of efficient strains of microorganisms that help crop plants uptake 

of nutrients by their interactions in the rhizosphere when applied through seed or soil. They accelerate 

certain microbial processes in the soil which augment the extent of availability of nutrients in a form easily 

assimilated by plants. 

Different types of biofertilizers containing bacterial strains are: 

S. No. Groups Examples

Nitrogen Fixing biofertilizers

1. Free-living Azotobacter, Beijerinkia, Clostridium, Klebsiella, Anabaena, Nostoc, 

2. Symbiotic Rhizobium, Frankia

3. Associative Symbiotic Azospirillum

Phosphate Solubilizing biofertilizers

1. PSM Bacillus, Aspergillus sp, Penicillium sp

Rhizobium 

Rhizobium is a soil habitat bacterium, which can able to colonize the legume roots 

and fixes the atmospheric nitrogen symbiotically. They are capable of reducing 

upto 25% of nitrogenous fertilizers requirement.

Azotobacter

Azotobacter is free-living nitrogen-fixing bacteria, fixing nitrogen equivalent to 

25-30kg N/ha.

Azospirillum

The bacteria of Genus Azospirillum are N2 fixing organisms isolated from the root and above ground parts 

of a variety of crop plants. They can fix approximately 25-30% N2 / Kg along with some vitamins which 

ultimately results in good crop yield and also saves fairly large amount of urea required by crop. Apart from 

nitrogen fixation, growth promoting substance production (IAA), disease resistance and drought tolerance 

are some of the additional benefits due to Azospirillum inoculation. 

Rhizobium culture

Azotobacter culture
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Phosphate solubilizing microorganisms (PSM)

About 15-25% of insoluble phosphate can be solubilized, saving chemical fertilizers significantly. Important 

micro-organisms are: 

1. Bacillus polymyxa, 

2. Aspergillus awamori, 

3. Penicillium digitatum etc.

Examples of vegetable crop specific biofertilizers:

S. No. bacterial culture Vegetable

1. Azotobacter Okra, cauliflower, chilli, brinjal, cabbage, garlic, knol khol, onion, tomato

2. Rhizobium Cowpea and peas

3. Azospirillum Cabbage, chilli, capsicum, knol khol, onion, garlic, okra, radish, sweet 

potato

4. PSM Garlic, onion, potato, pumpkin

Procedure/methodology:

Seed treatment is the most common method adopted for all types of inoculants. The seed treatment is effective 

and economic.

Azospirillum culture Azospirillum packet

Phosphate solubilizing microorganisms
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Follow the following steps:

1. Select the proper culture for particular crop.

2. Add 125g jaggery in warm water to make a solution and cool it down.

3. Add 250g of culture in 250-300ml solution (for 10 kg seeds).

4. Spread the seeds on plastic paper.

5. Sprinkle jaggery solution added with culture on the seeds.

6. Rub the seeds with culture.

7. Dry the treated seed under shade.

8. Use the treated seed within 24 hrs.

Seed treatment with Rhizobium, Azotobacter, Azospirillum along with PSM

The seed treatment can be done with any of two or more bacteria. There is no side (antogenestic) effect. The 

important things has to be kept in mind that the seeds must be coated first with Rhizobium or Azotobacter 

or Azospirillum when each seeds get a layer of above bacteria then the P.S.M. inoculant has to be treated on 

outer layer of the seeds. This method will provide maximum number of population of each bacteria required 

for better results. Mixing the any of two bacteria and the treatment of seed will not provide maximum 

number of bacteria of individuals.  

Precautions

1. Store bacterial culture packets in cool and dry place away from direct sunlight and heat.

2. Use right combination of bacterial culture.

3. Rhizobium is crop specific, so use in specified crop.

4. Do not mix with chemicals.

5. While purchasing ensure that each packet is provided with necessary information like name of the product, 

name of the crop for which intended, name and address of the manufacturer, date of manufacture, date of 

expiry, batch number and instructions for use.

6. Use the packet before expiry, only on the specified crop, by the recommended method.
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The following points should be kept in mind:

1. Bacterial cultures are live product and require care in storage.

2. For best results, use both nitrogenous and phosphatic bacterial cultures.

3. Use of bacterial cultures is being emphasized along with chemical fertilizers and organic manures.

4. Bacterial cultures are not replacement of fertilizers but can supplement their requirement.

Exercise: Plan the layout for vegetable growing for an area of 1.0 ha. Select the vegetables of that season 

which may be grown in that area. Calculate the quantity of culture required for seed treatment.

Calculations: Calculate and record the following:

S.No. Name of the 
vegetable 

crop

Area under 
the vegetable 

crop

Seed required 
for particular 

area

Type of 
culture 

required

bacterial 
culture 

required

resource materials:

1. TNAU Agritech Portal

2. McGrath, M.T. 2004. What are Fungicides. The Plant Health Instructor. DOI: 10.1094/PHI-I-2004- 

0825-01

3. agropedia.iitk.ac.in/node/2604
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Practical-5
Studying Vegetable Classification 

According to Economic Parts Used

ExErCiSE

5.1 Studying vegetable classification according to economic parts used.

ObjECTiVE

● To know the economic parts of vegetable.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● Identify economic part of vegetables. 

● Classify vegetables based on plant part used for consumption.

Pre-learning required: Different classification of vegetables. 

Handouts/materials/equipments & tools required: Vegetable samples, paper sheet and pen to note down 

the instructions and observations.

introduction:  

Vegetables may be classified according to the economic part or plant part eaten. Some vegetables fit into 

more than one category when several different parts of the plant are edible, e.g. both the roots and leaves of 

beetroot can be eaten. Vegetables can be classified as

Sl. No. Plant part used for consumption/ economic part Examples

1. Bulbs - Usually grow just below the surface of the 
ground and produce a fleshy, leafy shoot above 
ground. Bulbs usually consist of layers, or clustered 
segments.

Fennel, garlic, leeks, onions

2. Flowers- The edible flowers of certain vegetables Artichoke (globe), cauliflower, 
broccoli
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3. Fruits- Young, immature unripe fruits or mature ripe 
fruits of plants grown as vegetables.

Cucumber, tomato, okra, pumpkin, 
eggplant, water melon, capsicum

4. Leaves - The leaves and succulent young shoots are 
picked for consumption.

Amaranthus, lettuce, cabbage, 
spinach, palak, radish, beetroot, 
garlic, onion, fennel

5. Roots -Usually a long or round-shaped taproot. Beetroot, carrot, radish, turnip

6. Seeds - Seeds grow in pods which are sometimes 
eaten along with the seed.

Beans , peas, snow peas, sweetcorn

7. Tubers- Modified stem grown inside the soil Potatoes, Jerusalem artichoke, yam

Observations: Visit the vegetable field or observe the given vegetable samples and note the following:

S. No. Vegetable botanical Name Plant part used for consumption
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Practical-6
Preparing Vegetable Nursery beds

ExErCiSE 

6.1 Preparing nursery beds for raising seedlings of different vegetable crops.

ObjECTiVE

● Preparation of nursery bed by following scientific techniques to raise quality and disease free vegetable 

seedlings.

Delivery schedule: 01 period.

Student's expectations/learning objectives:

● Importance of nursery raising in vegetable crops.

● Selection of nursery site.   

● Method for preparation of nursery seed bed.

Pre-learning required: Nursery raising technique in vegetable crops

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, 

different tools for land preparation, farmyard manure, fertilizers, bavistin  etc. 

introduction: 

As we know that seed propagating vegetable crops are either directly sown in the field or transplanted in 

the field by raising the seedlings in the nursery beds. A nursery could be considered as a location where 

plants are cared for during the early stages of growth by providing optimum conditions for germination and 

subsequent growth until they become strong enough for planting in the open field conditions. The seeds of 

solanaceous vegetables, cole crops, onion etc. are first sown in the nursery.



Olericulture-ii    Practical Manual33

Factors to be taken into consideration for raising nursery 

Location of the nursery: 

● Nursery should be situated near the main field for transplanting 

● Nursery area should receive sunlight right from morning till evening i.e. south-west aspect is most suitable 

as this aspect is very sunny.

● Area must be free from water stagnation i.e. proper drainage must be provided.

● Well protected from stray animals and strong winds.

● The area should be near the water source for continuous supply of good quality water 

Soil 

● Soil should have  good organic matter.

● Soil texture should be neither too coarse nor too fine. 

● Soil should be sufficiently porous and adequately aerated. 

● It should have a fair degree of water holding capacity.

● Soil pH of nursery bed should be in the range of 6 to 7.

● Acidic and alkaline soils are not suitable for raising nursery rather, neutral soils are suitable.

● Soil should normally be rich in all essential nutrient elements. Preferably soil testing of nursery area 

should be done so as to mix additional nutrients accordingly for improving its soil fertility status. 

Procedure 

Nursery bed preparation:

● The soil of the nursery area should be fine and fertile with good water holding capacity. For the preparation 

of beds, the field should be ploughed and levelled well. Soil should be worked to obtain a fine textured 

soil free of clods and debris. 

● Prepare raised beds to facilitate proper drainage of excess water. The level of the bed surface is also made 

little slanting on the two sides. 

● The length of nursery bed should be 3-5 m but it can be increased or decreased according to the availability 

of land and requirement of plants but the breadth of the beds should not be more than 1-1.2 m and the 

beds should be 15-20 cm raised from the ground surface. 
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● The standard size of nursery bed is 3m × 1m × 15 cm.

● A space of 20 - 25 cm should be left between two beds. This space can be utilized to perform intercultural 

operations such as weeding, disease and insect-pest management and also for draining out the excess rain 

water from the nursery beds.

● Add 20-25 kg well rotten farmyard manure in each standard size nursery bed along with 200g single 

super phosphate and 15-20 g each of fungicides and insecticides such as mancozeb and dusts like methyl 

parathion.

● The number of nursery beds depends on the particular crop, season and growing area of crop for 

transplanting. 

● The beds should be prepared in the east and west direction and lines/rows for sowing of seeds should be 

made from north to south direction on the beds.
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Practical-7
raising Vegetable Seedlings in Nursery bed and Protrays

ExErCiSES:

7.1 Raising seedlings of different vegetable crops in nursery bed.

7.2 Raising seedlings of different vegetable crops in protrays.

Exercise 7.1: raising seedlings of different vegetable crops in nursery bed

ObjECTiVE:

● Sowing of seeds in nursery beds and after care for  raising quality and disease free vegetable seedlings

Delivery schedule: 01 period.

Student's expectations/learning objectives:

● Method of seed sowing in nursery seed bed

● Handling of seedlings during growing stage 

● Characteristics of quality seedlings

● Handling of seedlings after uprooting

Pre-learning required: Preparation of nursery seed bed.

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, 

seeds of vegetable crop, bavistin, mulch  etc. 

introduction

With awareness among people regarding benefits of eating vegetables, the consumption of vegetables has 

increased manifold, and thus the demand for quality seed and seedlings has increased manifold throughout 

the country in the recent past to produce quality vegetables. Availability of quality nursery has great scope 

for enhancing the production and profitability of vegetable crops in the country as non-availability of quality 

planting material lead to complete failure, reduction in the quality of vegetable produce, low yield, fluctuations 

in production etc. Nursery management is a technical and skill oriented job which require proper attention 
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at different stages for the production of quality seedlings. It needs lot of planning, expertise and efficient 

management. Errors done during raising a nursery cannot be rectified at later stages which also reduce the 

returns along with wastage of time and energy. Therefore, technical knowledge and careful planning are pre-

requisite to raise seedlings of vegetable crops. 

Procedure:

Seed Sowing

● Treat the seed with fungicides like bavistin or thiram or captan @ 3g/kg of seed to check the infection of 

soil borne diseases.  

● Make rows at a spacing of 5 cm. 

● Sow the seeds at 1 cm depth. The general rule for sowing depth is 2-3 times of the thickness of seed. 

● Mix a little of sand in the seed for uniform distribution in the rows and cover it with soil or farmyard 

manure. 

● Avoid broadcasting seeds in the nursery-bed. Thick sowing or sowing with broad casting also leads to 

increase in the incidence of damping off disease.

● If seeds are sown too deep nutrient reserves will be exhausted before the plant emerges or emerging 

plants will be weak or liable to die. If sown too shallow then it is likely to be eaten by birds or washed 

away by the splash of rains or irrigation water. 

Table: Quantity of seed and nursery area required for raising seedlings for one hectare area

Crop Seed rate (g/ha) Nursery area required (m2)

Tomato (hybrid) 150-200 75-100

Tomato (open pollinated) 250-300 100-125

Brinjal 300 150

Chillies 500-600 75-100

Bell pepper 400-500 100-150

Early cauliflower 700 150-200

Mid and late cauliflower 400-500 150-200

Cabbage 400-500 100-150

Knol khol 700-750 200

Onion 8000-10000 500
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Application of mulch

● After sowing, cover the seed bed with a layer of dry grass. 

● Apply water over the grass so that seed do not come up on the surface of the bed. 

● Mulching maintains the soil moisture and temperature for seed germination.  

● It protects the growing seeds/seedlings from direct sunlight and raindrops.

● It protects seeds against bird damage.

removal of mulch

● Due attention is given to remove the covered mulch from the seedbed. 

● After three days of sowing, observe the seed beds daily. 

● As and when the white thread like structure is seen above the ground, remove the mulch carefully to 

avoid any damage to emerging plumules. 

● Always remove mulch in the evening hours to avoid harmful effect of bright sun on newly emerging 

seedlings.

Protecting young seedlings from extreme weather conditions 

● After seed germination during the seedling growth, if there is very high temperature (> 30° C), cover the 

nursery bed with 50% or 60% shedding nets (green or green + black coloured) about 60 - 90 cm above 

ground by providing suitable support.

● During winter season, cover the nursery bed over night with polythene sheet about 60-90 cm above 

ground by providing suitable support. Remove the sheet in the morning before the temperature rises. This 

technique protects young seedlings from severe winter frost or low temperature injury.

Vegetable seedlings or raised bed
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● During rainy season also, cover the nursery bed with polysheet by providing proper support.

Application of water

● The nursery beds require light irrigation with the help of rose can till the seeds germinate.

• During summers, irrigate the beds twice, once in the morning and once in the evening. 

● During winters, irrigation once in a day is sufficient. 

● Keep beds moist but not wet otherwise “damping-off of seedling” may appear. 

● Excess rainwater or irrigated water should be drained out from the nursery bed otherwise plants may die 

due to excess of water.

● Watering in the beds depends upon the weather condition. If temperature is high, irrigation is applied 

whereas irrigation is not needed during rainy days. 

Thinning

● It is an important operation to remove weak, unhealthy, diseased, insect-pest damaged and densely 

growing plants from the nursery beds keeping distance of about 0.5 to 1.0 cm from plant to plant. 

● The thinning facilitates balanced light and air to each and every plant. It also helps in monitoring the 

disease and insect pest infestation. 

interculture and weed management

● Timely weeding in nursery is very important to get healthy seedlings. If there are some weeds in the seed 

bed, remove them manually either by hand or by hand hoe (thin forked khurpi). 

● Pre emergence herbicides can also be sprayed soon after seed sowing to control the weeds. Stomp @ 3 

Vegetable seedlings in plastic tunnel
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ml/litre of water should be sprayed on the nursery beds after the seed sowing and covering with mixture 

of farmyard manure, soil and sand. 

● For good quality seedlings, spray urea @ 0.3 per cent when the plants are 8-10 cm tall. 

Pest management

● Adoption of plant protection measures in the nursery against the incidence of insect pest and diseases is 

very important task to get the healthy seedlings. 

● Damping off is a very serious disease affecting seedlings in the nursery. Timely care for controlling 

diseases and insect-pests is essential.

● Treat the seed with bavistin or thiram or captan @ 2.5g per kg of seed.

● If the disease appears after the seed emergence, drench the nursery beds with 0.1% solution of brassicol 

or 0.7% captan or thiram after germination. 

● It will be better to remove and dispose off the affected seedlings from the beds to avoid further spread of 

pests and diseases. 

Hardening of seedlings in the nursery

● Withhold irrigation in the nursery beds 4-5 days before the date of transplanting but on the day of 

transplanting, first apply water to the nursery beds and then take out the plants for transplanting.

● Hardening should be gradual to prevent or check the growth. 

● Warm season crops like tomato, brinjal and chillies cannot withstand favour severe hardening. 

● Hardened plants withstand unfavourable weather conditions like hot day winds or low temperature more 

efficiently than non-hardened seedlings.

Transplanting

● After 4-6 weeks of sowing, the plants become 10-15 cm tall and are ready for transplanting.

Hardening of seedling
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● Select healthy plants for transplanting and always transplant in the afternoon. 

● Before transplanting, the seedlings should be dipped in a solution of 0.25 per cent mancozeb and 0.05 per 

cent carbendazim.

● Fix the plants well in the open field and water them daily till they establish well.

important attributes of quality planting material:

● Nursery plants should be true to type and should be raised from healthy, disease free and quality seed 

procured from a reliable source. 

● Nursery seedlings should attain an appropriate height of 12-15 cm which is most suitable for transplanting 

with minimum mortality rate.

● Nursery plants should be healthy and free from diseases and insect-pests (thoroughly check the lower 

side of leaves).

● Before uprooting the seedlings, it is essential to ensure that the seedlings have been properly hardened

● Root system of nursery seedlings should be well developed and there should be no damage while uprooting 

the plants from nursery. So, apply irrigation 2-3 hours before uprooting the seedlings.

● Rigorous inspection of nursery plants before sale to ensure the supply of only healthy and disease free 

plants to the growers.

Selection of planting material

While selecting quality planting material, the following points should be taken into consideration:

● An easy technique to identify the best quality planting material is that a particular variety has distinct 

uniform leaf characteristics. Any variation observed among the seedlings can be adjudged as off-type or 

poor quality planting material. Always discard such material. 

● Select healthy, stocky and medium-sized seedlings with vigorous root system. The material should be 

free from insect-pests and diseases and should never be over aged. 

● After uprooting the seedlings, provide soil ball to cover the roots and wrap it with any material like 

polythene or net to keep the soil ball intact. Keep soil ball moist by sprinkling water on it.

● Keep plants in containers in a way that the plant and root system remains intact. 
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Packaging:

● Packaging should be strong enough to withstand handling and shipment. 

● Planting material normally should be packaged in a filling compound, in a manner to minimize desiccation, 

movement, and damage during transport, and to allow adequate ventilation. 

● Seedlings should not be enclosed in airtight containers.

Transportation

● Generally, healthy seedlings should be transported.

● It should be the consignor's responsibility to ensure that adequate advance arrangements are made to care 

for the seedlings until the consignee takes them into his charge. 

● All possible precautions should be taken in advance to ensure that shipment containers are not exposed to 

desiccating conditions, and that they are not left exposed to the sun, extreme heat, or freezing conditions 

(temperatures). 

● Plants should be stored in such a manner that they have adequate ventilation.

● The estimated time of arrival of the plant specimen should be notified in advance to the consignee.

Exercise

1. Prepare nursery beds and raise the seedlings of bell pepper during December-January by protecting them 

from severe frost.

2. Raise seedlings of cole crops and onion in the respective periods of growing by preparing nursery beds.

Exercise 7.2: raising seedlings of different vegetable crops in protrays.

ObjECTiVE

● Raising quality and disease free vegetable seedlings in protrays.

Delivery schedule: 01 period.

Student's expectations/learning objectives:

● Procedure of raising seedlings in plugtrays

● Importance of raising seedlings in plugtrays



Olericulture-ii    Practical Manual 42

Pre-learning required: Raising nursery seedlings.

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, 

seeds of vegetable crop, plugtrays/protrays, cocopeat, vermiculite, perlite, mulch  etc. 

introduction

The plug tray nursery raising technology is aimed to produce disease free, vigorous and season independent 

seedlings using protected environment. Depending on the objective, different types of protected structures 

like greenhouse, net house and portable low poly tunnels are used to take care of biotic and abiotic stresses 

during period of raising seedlings. The type and ingredients of soil less media used for nursery raising 

have been standardized as also the size and volume of the cells of pro-trays for different vegetable crops. 

The root development under this system of nursery raising is so vigorous that no or negligible chance of 

mortality after transplanting in the field. The plug-tray nursery raising technology is better in comparison to 

the traditional methods/polybags because :

1. It is nearly impossible to raise virus free nursery during rainy and post rainy season.

2. Development of soil borne fungus and nematodes mainly during high temperature period, which adversely 

affect crop growth.

3. Long duration of raising nursery during winter (50-60 days) due to low temperature.

4. Greater uniformity in seedling growth.

5. Economizes vegetable nursery of hybrid seeds by way of reducing the seed rate by 30-40% as compared 

to traditional system.

6. Easy transportation after packing for long distances.

7. Raising nursery of cucurbits is not at all possible under traditional system.

Types of multicelled plastic plug-trays or pro-trays

● Vegetable seedlings can be raised in a variety of containers ranging from molded trays to pots.

● Styrofoam and / or plastic trays are considered to be the standard one in many parts of the world.

● Plastic trays of uniform size with cells of equal size fixed in Styrofoam are mostly preferred.

● They encourage more uniform root zone temperature and moisture.
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● Standard cell size in the industry is 1 inch by 1 inch or say 200 plants per plastic pro-tray.

● Containers used must have good drainage and be able to hold soil-less media and easy in handling.

● The size of the cells depends upon the kind of the crop to be sown in the nursery trays

o Plastic trays of 187 cells of 1.5 inches: tomato, brinjal, cucumber and musk melon.

o Trays of 345 cells of 1 inch: Lettuce, cabbage, cauliflower, capsicum

Advantages of Pro-trays

1. Proper germination

2. Provide independent area for each seed to germinate

3. Reduce mortality rate

4. Maintain uniform and healthy growth of seedlings

5. Easy to handle and store

6. Reliable and economical in transportation

rooting medium ingredients 

● Mostly artificial soil-less media is used for raising healthy and vigorous seedlings of vegetable in plastic 

pro-trays.

● Combination of 3 ingredients like cocopeat, vermiculite and horticultural perlite are used as root medium 

for raising the nursery.

● These ingredients are mixed in 3:1:1 ratio before filling in the required containers.

● Media contains coarser textured peat provide better drainage and aeration promoting, therefore, better 

root development of transplants.

Advantages of soil less media

● Uniformity of mix: physical and chemical properties of a mix are uniform throughout the mix, a condition 

not found in soil.

Pro-tray for seedling raising
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● Ease of handling: mixes are light in weight and easy to transport.

● Versatility: they can be used to amend soils in the field by mixing into flower beds, lawns or garden 

soil.

● Sterility: mixes initially are free from diseases and insect-pests. The seed germination is therefore less 

prone to diseases like damping-off.

● Good drainage and moisture retention.

● Convenience of use- ready to use form.

Procedure of raising seedlings in plugtrays

Sowing of seeds 

● Use true to type seed.

● One seed per cell is sown.

● Sow seeds at shallow depth (0.5 cm) after pressing the media with finger in a gentle way into the potting 

plug or cells. The trays are filled with slightly moist media.

● After sowing, a layer of vermiculite is given to cover the seeds for better germination- good water holding 

capacity.

● The trays are shifted to polyhouse/net house.

● The trays are irrigated lightly every day depending upon the prevailing weather conditions by using a fine 

sprinkling rose can or with hose pipe fitted with rose.

● Drenching the trays with fungicides as a precautionary measure against seedling mortality can also be 

done.

● Spraying of 0.2 per cent (2g / litre) water soluble fertilizer using poly feed twice a week is practiced to 

enhance the growth of the seedlings.

● Seedlings are ready for transplanting after 20-30 days of sowing in trays. The internal environment of the 

polyhouses also affects the growth and development of the emerging seedlings. To get healthy seedlings 

the temperature should be maintained at 20-30°C. Growth regulators like cycocel @ 5-10 ppm can be 

sprayed at 3-4 leaf stage.

● The seedlings at right stage of planting are hardened by withholding irrigation before transplanting or 

selling to the growers.
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● Systemic insecticides are sprayed 7-10 days after germination and before transplanting for managing 

the insect vectors. The seedlings would be ready in about 21-42 days for transplanting to the main field 

depending upon the crop.

Fertigation requirement of transplants:

● Different vegetable crops vary in their response to fertilizers, so the feeding programme must be modified 

for different crops as per requirements. Tomatoes are very responsive but excess of fertility will reduce 

transplant quality, while feeding at every watering, fertilizer concentration of 50 to 100 ppm N should be 

used depending on the stage of plant development. 

● Pepper require more fertilizers than tomatoes, therefore, if feeding is done at every alternate days then 

100 ppm N may be used but if feeding is done less often then higher concentration may be used.

● Cole crops do not require as much fertilizer as other crops & 100 to 150 ppm applied weekly should be 

sufficient under most conditions.

● Since cucurbits have a relatively short growing cycle compared to other crops, therefore 2 to 4 applications 

of fertilizers weekly at 100 to 150 ppm N concentrations should be sufficient to produce good quality 

vine crop transplants.

● Generally the nutrient uptake by the roots is low during winter season therefore concentrations need to 

be increased accordingly and vice-versa. N concentration for winter crops should be 140-150ppm and 

89-100 ppm for summer crops.

Height control and pillowing control in transplant: Height control is important as elongated seedlings 

show more susceptibility to biotic and abiotic stresses after transplanting.

Seedling in pro-trays
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Excessive stem elongation is caused due to

a) Heat.

b) Over fertilization and over watering.

c) Low light conditions in the green house or nursery area.

Height of transplant can be managed by 

a) Maintaining optimum temperature and light.

b) Applying controlled supply of water and fertilizers to the transplants.

c) Spray of Cycocel @ 5-10 ppm also control height.

Disease control

● Sanitation by controlling weeds inside the nursery greenhouse. 

● Disinfect the trays by dipping in sodium hypochloride solution of 0.1 per cent before reuse of sowing has 

to be ensured.

● Ventilation is the best method of preventing damping off and foliar fungal diseases.

● Transplants can be treated with captan @ 0.2 per cent solution or by application of bavistin @ 0.1 per cent 

to the seedlings.

Hardening of seedlings

● It is necessary to reduce transplanting shock.

● Plants should be gradually hardened by acclimatizing them to the anticipated growing conditions of the 

fields. 

● It is done at least a week before planting.

● It can be done by slowing down their growth rate so that they can withstand chilling, drying winds, 

shortage of water, or high temperatures. 
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Practical-8
Identification of Major Diseases and 

insect Pests of Vegetables

ExErCiSES

8.1 Identification of major diseases of vegetables.

8.2 Identification of major insect pests of vegetables.

Experiment 8.1: Identification of major diseases of vegetables

ObjECTiVE

● To identify major diseases of vegetables.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To identify the major vegetable diseases and their causal organisms.

● To identify the symptoms of the diseases.

● To know the control measures of the diseases.

Pre-learning required: Major diseases of vegetables crops.

Handouts/materials/equipments & tools required: 

● Disease samples of vegetables.

● Pen and notebook to note down the observations.

introduction

Diseases of vegetable crops can be caused by both biotic and abiotic factors. The abiotic factors are mostly 

due to imbalance of nutrients which do not spread in the field. The biotic diseases caused by Fungi, Bacteria, 

Phytoplasma, Viruses, Viroids, Algae and Nematodes. These diseases have potential to spread from one field 
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to the other and one area to the other. Plant diseases can be diagnosed by studying symptoms, signs and 

microscopic investigations. 

Symptom: Sign or evidence of disease as shown by the plant or any objective evidence of disease is called 

symptom of the disease. 

Sign: Presence of the pathogen or its parts or structures or products on infected portions of plant. 

Syndrome: A group of several symptoms produced by pathogen in sequence. 

Symptoms and signs provide the most important evidences about the causal agent. Sign can point directly 

to causal agents. Each disease is characterized by certain symptoms and they may change in nature and 

intensity in the course of a disease and they may modify by environmental conditions.

In a number of diseases the structure of the pathogen constitutes the most prominent symptom of the disease. 

Several of such symptoms described below.

1. Downy mildews: Under humid conditions, a white or grey bloom develops on the lesions produced usually 

on the under surface of leaves. This is called the “downy growth”. Eg Downey mildew of cucurbits

2.  Powdery mildews: White or brown mealy growth on leaves and young stems, especially on upper 

surface and occasionally on the fruit. Plants may yellow and wither, while fruit sun-scalds or ripens 

prematurely. 

 Eg: Powdery mildew of cucurbits – caused by fungus Erysiphe cichoracearum

 Powdery mildew of chillies – caused by fungus Leveillula tauria

Downy mildew

Powdery mildew
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3. Curl: Leaves are arched, puckered, twisted, curled and distorted due to growth in tissues in localized area 

of the leaf.

6. Spots and shot-holes: There are common necrotic symptoms of some plant diseases. The cells are killed 

in definitely limited areas and the dead tissues usually become some shade of brown. In many cases, other 

colour changes such as yellowing, precede the death of cells. The dead areas are often surrounded by a 

purple, red, yellow or brown margin.

7. Anthracnose: Symptoms appear as circular to angular, sometimes irregular, spots occurring along the leaf 

veins, petioles, stems and fruits. The affected tissues are discoloured and killed resulting in characteristic 

lesions.

8. blight and blast: This refers to diseases in which death occurs in masses of cells suddenly. In a diseased 

plant, due to severity of infection the tissues are rapidly killed, resulting in death of foliage, blossom or 

other above ground plant parts. Such symptom is known as blight. When the entire leaf blade, bud or other 

plant parts are involved resulting in quick death of the part of plant as a whole then it is known as blast.

Tomato leaf curl 
virus disease

Anthracnose

Bacterial leaf spot
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 Eg : Early blight of potato and tomato – caused by fungus Alternaria solani

 Late blight of potato and tomato – caused by fungus Phytophthora infestans

9. Damping-off: It is a condition in which the stem is attacked near the soil surface. The affected portion 

becomes constricted and weak, incapable of bearing the load of the upper portion. As a result the seedlings 

topple down and die.

 Eg: Damping-off, tomato, chilli, brinjal etc. – caused by fungus Pythium aphanidermatum 

10. rot: The affected tissues die, decompose to greater extent, and turn brown. In most cases this condition is 

brought about by fungi which dissolve the cell walls more or less completely by means of enzymes. It is 

a gangrene of plant tissues which affects fleshy or woody stems, roots, fleshy leaves, flowers, buds, fruits 

etc. According to the plant organ attacked the rot may be called root rot, leaf or stem rot, bud-rot and fruit 

rot. Depending upon the type of dissolution brought about by the pathogen the rots may be grouped as 

soft rot, wet rot or dry rot.

 Eg : Fruit rot of chilli – caused by fungus Colletotrichum capsici

 Black rot of cabbage – caused by bacteria Xanthomonas campestris

Early blight Phomophsis blight
in brinjal

Late blight

Damping off

Black rot
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11. Wilts: In many diseases the most striking effect is drying or witting of the entire plant. The leaves and 

other green or succulent parts lose their turgidity, become flaccid and crop. This effect is usually seen first 

in some of the leaves. Later, the young growing tip or the whole plant may suddenly or gradually dry up. 

Wilting may be the result of injury to the root system, to the partial plugging of water conducting vessels 

or to toxic substances secreted by the pathogen.

 Eg : Tomato wilt : caused by fungus Fusarium oxysporum f.sp. lycopersici

 Bacterial wilt of tomato and brinjal: caused by bacteria Pseudomonas solanacearum

Procedure/methodology:

Visit the field or identify the given samples and record the following

S.No. Name of the 
vegetable

Name of the 
disease

Symptoms Suggested control  
measures*

* Note: The teacher should guide the students regarding control measure of various crop diseases.

Bacterial wilt
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Precautions: 

1. Use hand gloves while collecting disease plant parts.

2. Use fresh samples for recording observation.

Exercise 8.2: Identification of major insect pests of vegetables.

ObjECTiVE

● To identify major insect pests of vegetables.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To identify the major insect pests of vegetables.

● To identify the symptoms of insect attack in particular vegetable.

● To study the control measures of them.

Pre-learning required:  Major insect pests of vegetables crops.

Handouts/materials/equipments & tools required:

Samples of vegetables affected by insect pests, pen and notebook to note down the observations.

introduction

Some of the major pests affect the yield and quality of vegetables are:

1. Fruit borer: Young larvae feed on tender foliage. While advanced stages attack the fruits. Larva bore 

circular holes and usually thrust only head inside the fruit to another and may destroy many fruits. 

External symptoms appear in the form of a bored hole. Infestation can be seen in tomato.

Symptom of 
damage in tomato

Adult Larvae
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2. brinjal shoot and fruit borer: Serious pest of brinjal; larvae bore into tender shoots, flower buds or 

fruit, with a single larva destroying as many as 4-6 fruits.

3. jassids: Nymph is light green, translucent, wingless found between the veins of leaves on the under 

surface. Adult is green, wedge shaped leafhopper. Major pest of tomato, brinjal, okra, cucurbits. Nymphs 

suck the leave sap and resulting in yellowing of tender leaves. The margin of the leaves start curling 

downwards.

4.  White fly: Pest of tomato, chilli, okra. They suck juices from the plant with their piercing-sucking 

mouthparts. The nymphs are located on the undersides of the leaves and can become so numerous that 

they almost cover the entire undersurface area.

5. Aphids: Infect tomato, chilli, okra, crucifers. Suck the leave sap. The infested plants turn pale with sticky 

appearance. The leaves curled and crinkled. Honeydew excrete results in development of sooty mould 

and stunted growth of the plant.

Symptom of 
damage

Shoot and fruit 
borer adult

Jassids

White fly adult and nymphs Symptom of damage of Tomato leaf curl virus
(transmitted by Whitefly)
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6. Mites: Attack on brinjal, chilli, cabbage. Downward curling and crinkling of leaves. Leaves with elongated 

petiole and stunted growth.

7. red pumpkin beetle: Pest of almost all cucurbits. Adult beetle feeds voraciously on foliage.

8. Fruit fly: Major pest of cucurbits. Maggots feed on the pulp of the fruits. Oozing of resinous fluid 

from fruits results in distorted and malformed fruits. Premature dropping of fruits and also unfit for 

consumption.

9. Cabbage butterfly: Caterpillers bore in cabbage head.

Aphids Symptom of damage

Symptom of damageMites

Red pumpkin beetle

Fruit fly

Cabbage butterfly
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Observations:

Visit the field and record the following:

S.No. Name of the 
vegetable

Name of the 
insect pests

Damaging 
stage

Symptoms Suggested control 
measures*

*Note: The teacher should guide the students regarding control measures of various crop diseases.

Precautions:

1. Use hand gloves while collecting insect-pests.

2. Use fresh samples for recording observations.
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Practical-9
Land Preparation for 

Sowing / Transplanting of Vegetable Crops

ExErCiSE 

9.1 Preparation of land for vegetable cultivation 

ObjECTiVE

● Hands on training for the preparation of land for the cultivation of vegetable crops.

Delivery schedule: 02 periods.

Student's expectations/learning objectives:

● Importance of land preparation in vegetable cultivation.

● Method of land preparation.

Pre-learning required: Acquaintance with different tools used for field operations and their functions.

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions, 

different tools for land preparation, farmyard manure, fertilizers, bavistin, herbicide, chlorpyriphos etc. 

introduction: 

Vegetable are short duration crops. The field operations are specific and time bound. In order to raise a 

healthy and disease free crop, one has to be very specific regarding preparation of field so that the sowing is 

taken up timely. The fields where vegetables have to be cultivated should be well worked out to ensure their 

better growth and development. The chemical changes and release of plant nutrients takes place in the soil 

and thus, it should be properly tilled from time to time.  Soil preparation consists of drainage, ploughing, 

disking, harrowing, changing and rolling. Most of the vegetable crops have small to medium sized seeds and 

consequently, proper land preparation by making plots/beds is important. The optimum seed plots should 

have mellow soils (smooth and soft) comprised of fine sized particles, free of clods, weeds and previous crop 

residues. Such seed plots enable good contact between soil and seed surface which is required for uniform 

water absorption and proper aeration for seed germination and further plant growth. 
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● An adequate tillage is necessary to enable the soil to provide better growing conditions to the plants. 

Tillage can be done by 

 Deep working implements like ploughs and spades.

 Surface working implements like hoes, khurpis, harrows etc.

 Compacting implements like rollers, beams etc. 

● It should always be remembered that the vegetable plots should be continuously worked to keep them 

clean, free from weeds and insects and to ensure aeration of the soil. 

● Manuring and watering are essential for the success of vegetable cultivation but it may be kept in mind 

that without adequate soil tillage, even abundant application of manures and water will not be of much 

help. 

Procedure for land preparation for raising vegetable crops

● The first step is deep mouldboard ploughing. A field which is not under cultivation should be ploughed 

to a depth of 30 cm or more e.g. a field of native vegetation or pasture grasses must be ploughed deeply 

to grow vegetables. Deep ploughing promotes complete decomposition of plant material. If there is 

excessive plant residue in the field, then go for deep ploughing in the fall season. This allows sufficient 

time for the decomposition of plant residue prior to spring planting. 

● Deep ploughing or turning of the soil in the alternate years is sufficient 

in the fields with continuous cropping unless a large amount of crop 

residue has been ploughed/turned under. 

● Deep chisel point ploughing done in the off years can improve the 

physical condition of soil by penetrating and breaking compact soil. 

This is desirable to prevent the formation of a compact soil layer at the 

depth of the plough blade otherwise it obstruct downward water percolation and normal root development. 

Sowing of seed directly over chisel marks permits melons, pumpkin and tomato roots to penetrate deeply 

into the soil profile.

● It is important to avoid ploughing or disking in water saturated 

soils. To test the proper moisture condition of the soil, compress 

the soil together in your hand and if the slice disintegrates readily 

then that indicates the condition to take up land preparation. 

Therefore, it is important to drain the wet soils before taking up 

Deep ploughing

Chisel Plough
Source: http://www.tootoo.com
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land preparation operation. Taking up operations in wet soils leads to 

clod development. Clods do not provide well pulverized seed bed.

● After deep ploughing, disking in two directions should be done for 

which tandem and/or offset harrows can be used efficiently. If the 

field has to be furrow irrigated, make rough raised beds using bed 

lifters. Best height of bed is determined by soil type, intended crop and 

irrigation method. Raised beds 15-20 cm high ensure good drainage 

of excessive water, early soil warming, rapid drying of soil surface, 

improved soil aeration and less chances of soil borne diseases especially in case of heavy soils. Mix 

farmyard manure or other composts in the field during this operation for proper mixing in the soil.

● Heavy soils often break up in clods and lumps with any type of harrow. By use of a heavy drag or roller, 

the lumps/clods may be crushed with comparative ease.  The main use of the drag or roller on heavy soils 

is to crush the lumps, but on light soils both are often used to pack and smoothen the soil.

● If soil moisture is insufficient for planting after bed preparation, pre-plant irrigation is necessary to 

replenish moisture to field capacity. Once the soil sufficiently dries, the rough beds should be reworked 

using a rolling cultivator or a power rotovator. Do not bring soil to powder form. 

● Final seed bed preparation can be done with a bed roller or a sled type shaper. It may be done manually 

by using spade or hand hoe etc. Seed beds are similar to the 

foundation provided for a building. So, field preparation should 

be done carefully to harvest good crop. In all these operations 

greater grower skill comes with experience and working through 

trials and errors.

● Traditionally, the land preparation is done by using local plough 

along with leveller driven by the bullocks. For raising vegetables 

at small scale, spade or any other local implements/tools can be 

used.

Provide proper drainage: 

● For providing proper drainage, furrows are made both vertical 

and horizontal at regular intervals. Good drainage is essential to 

get success in growing vegetables. Drainage not only removes 

the excess water but also allows the soil to warm up early in the 

Tandem harrow
Source: www.caseih.com

Drainage-irrigation channel

Bed roller
Source: www.landpride.com
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spring, ensures proper aeration and thus favouring proper root growth and development of plants. It also 

ensures early harvest and more remuneration to the growers along with early planting of next crop. 

Exercise: 

Prepare small area for raising vegetable crops. Write the steps in your practical note book as per data sheet 

along with your experience.

DATA SHEET

Name of the crop

Season

Aspect of the garden

Date of pre-sown irrigation, if needed

Plot size 

Size of drainage channel

Tools/Implements used

Seed treatment (mention the fungicide and rate)

Fertilizers used and quantity applied

Spacing

Weedicide applied and its rate

Any other operation

State your experience
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Practical-10
Sowing/ Transplanting of Vegetables in Main Field

ExErCiSES

10.1 Sowing of vegetables in main field.

10.2 Transplanting of vegetables in main field.

Exercise 10.1: Sowing of vegetables in main field.

ObjECTiVE

● To study the methods of seed sowing. 

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● Methods of seed sowing in the field.

● Practice seed sowing in the field.

Pre-learning required: Knowledge about vegetables that are sown directly in the main field.

Handouts/materials/equipments & tools required: Seeds, kurpi, prepared field bed.

introduction:  

Most of the vegetables crops are propagated by seeds, except a few like sweet potatoes, asparagus, garlic, 

potato and pointed gourd which are propagated vegetatively. Among the vegetable crops which are propagated 

by seeds, vegetables like cabbage, cauliflower, tomato, onion, chilli etc. are first sown in nursery-beds where 

seedlings are raised and then transplanted.  Both direct seeding as well as transplanting are practiced in most 

of the cucurbits, like gourds, cucumber, muskmelon, watermelon, pumpkin etc. Vegetables which prefer to 

be planted directly in the ground in their final growing place includes:

● Peas and beans.



Olericulture-ii    Practical Manual61

● Root vegetables such as beet, carrots, parsnips and turnips.

● Sweet corn, okra, leafy vegetables.

Root vegetables are generally hardy (relatively resistant to the cold) so can be sown directly into their final 

growing place. Legumes (such as beans and peas) and sweet corn can be sown directly into the soil or 

grown in biodegradable coir pots that can be transplanted into the ground with the plant (this avoids root 

disturbance, which can halt growth for a few weeks).

The sowing method is determined by the crop to be sown. There are 4 sowing methods in vegetables. Those 

are: 

1. Broad casting

2. Line sowing

3. Transplanting

4. Planting

1. broad casting: It is the scattering of seeds by hand all over the prepared field followed by covering with 

wooden plank or harrow for contact of seed with soil. Crops like, fenugreek, coriander, root crops, leafy 

vegetables etc. are sown by this method.

Advantages:

● Quickest & cheapest method.

● Skilled labour is not uniform.

● Implement is not required.

● Followed in moist condition.

Disadvantages:

● Seed requirement is more.

● Crop stand is not uniform.

● Germination is not uniform & gaps are present wherever the adequate moisture is not present in the 

soil.

● Spacing is not maintained within rows & lines, hence inter culture operations are difficult.
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2.  Line sowing: It is the dropping of seeds into the soil with the help of implement such as kurpi and then 

the seeds are covered by wooden plank or harrow to have contact between seed & soil. Root vegetables, 

leafy vegetables, legumes, okra etc are sown by this method. It is always preferred over broadcasting 

method of seed sowing.

Advantages:

● Seeds are placed at proper & uniform depth.

● Along the rows, interculturing can be done.

● Uniform row to row spacing is maintained.

● Seed requirement is less than broad casting.

● Sowing is done at proper moisture level.

Disadvantages:

● Require implement for sowing.

● Plant to plant (intra row) spacing is not maintained.

● Skilled person is required for sowing.

3. Transplanting: It is the raising of seedlings on nursery beds and transplanting of seedlings in the laid out 

field. For this, seedlings are allowed to grow on nursery beds for about 3-5 weeks. Tomato, brinjal, chilli, 

capsicum, cabbage, cauliflower are grown by transplanting. 

4.  Planting: It is the placing of vegetative part of crops, which are vegetatively propagated in the laid out 

field. E.g.: Tubers of potato, mother sets of ginger & turmeric, cuttings of sweet potato.

Procedure/methodology:

1. Make shallow furrows 5 cm apart in the field with the help of spade.

2. Sow the seeds in furrows with a spacing of 1-2 cm apart to the required depth.

3. Cover the seeds with fine sand or leaf mould.

4. Compact the seed by hand or soil leveler.

5. Water the bed lightly with watering can.              

Precautions:

1. Quality seeds should be used for sowing.
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2. The seed should be planted sufficiently near the surface to get the benefit of the heat of the sun, and deep 

enough that the root system be in contact with the moist earth.

3. In general seeds should be sown at a depth of four times its diameter.

4. The seed bed must be sufficiently firm that the rootlets come immediately in contact with the soil particles, 

yet open enough that they readily penetrate.

5. Seed treatment should be done before sowing. 

Exercise 1: Each student will sow vegetable seeds in a plot of 3m x 2m and observe the following:

S.No. Vegetable 
seed sown

Number 
of seed 
sown

Number of seed germinated on 
different days

Total 
Number 
of seeds 

germinated

Germination 
%

remarks

5th 10th 15th 20th
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Exercise 10.2: Transplanting of vegetables in main field.

ObjECTiVE

● To study and practice the transplanting of vegetable seedlings.

Delivery schedule: 01 period.

Students expectations/learning objectives: 

● To know the pre transplanting processes.

● To practice transplanting.

● To learn the precautions to be taken while transplanting.

Pre-learning required: Nursery preparation and seed sowing in nursery.

Handouts/materials/equipments & tools required: Seedlings, kurpi, prepared field bed.

introduction:

Transplanting is a most important operation in vegetable crops production especially in those crops of 

which seeds are first sown in the nursery bed and later on the seedlings are transplanted. The knowledge of 

various aspects like crops suitable for transplanting, successfully transplanted crops, difficult to transplant 

crops, when to transplant, how to transplant, care during transplanting and care after transplanting is very 

important for success on transplanting. The present chapter will make the students familiar regarding what 

to transplant, why to transplant, when to transplant and how to transplant vegetable seedling for making 

vegetable cultivation a success.

What is transplanting?

● Transplanting is a general term to designate the removal of living plants from nursery whereby they may 

become established in new quarters (place) i.e. main field.

● It is an operation which may be performed when the plant is actively growing. 

● Transplanting operation in vegetables becomes more successful in deep and fine soils with optimum 

moisture level. 
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Why to transplant?

The advantages of transplanting are:

● It economizes the expensive seeds by sowing them in nursery. 

● Through transplanting, one can very well look after the young tender seedlings growing in small area in 

the initial growth stage i.e. nursery. 

● During transplanting there is a root pruning in the plants, which give rise to many more short branched 

roots in the plants and  such plants when planted in the field are better able to establish themselves due to 

the root system in the immediate block of soil that goes with the plant. 

● Shorter time from planting in the field to harvest is taken by using transplanting method. 

● This result in better returns to the growers by selling the produce early in the market and period of crop 

production can be extended easily.

● Before transplanting, it is possible to grow plants under unfavourable climate conditions in the form of 

nursery.  

● More plants of high quality can be produced through transplanting due to proper spacing, selection and 

protection from insect - pests and diseases.

● Through transplanting, better yield with more uniform maturity is obtained.

● It is a safe way to start small seeded crops in heavy soils which crusts badly.

● The more frequently a given plant is transplanted, the more readily it ensures the removal.

Disadvantages of transplanting: 

The disadvantages of transplanting are:

● Increases the cost of production.

● May result in delayed maturity.

Crops suitable for transplanting

All the vegetable crops are not fit for transplanting. The following two groups separate plants as to their ease 

of transplanting.
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a) Successfully transplanted:

● Cabbage and other cole crops, onion, leek and celery.

b) Difficult to transplant:

● Broad bean and pea

● Formation of new roots in plants of group (b) is slow and there is a tendency for the roots to be suberized 

or cutinized in these plants, which make them less effective in absorbing water.

When to transplant 

● Transplanting should not be delayed. 

● If seedlings are allowed to grow too long in the nursery, they become weak and flower early.

● It should be done as soon as the seedlings are 10-15 cm high and have formed about 3-4 true leaves (not 

seed leaves and cotyledons).

● The time of transplanting may vary according to species of plant, age and condition of transplanting. 

● The younger the plants as a rule, the better it withstands the transplanting operation.

● Transplanting should always be done in the evening hours so that plants may establish in the cool weather 

at night and may recover from the shock of transplanting before the sun comes up next morning.

● In a cloudy weather and when there is drizzling, transplanting may be done at any time. Before uprooting 

the seedlings for transplanting, the beds must be watered 24 hours before transplanting so that seedlings 

may not suffer from desiccation as their tissues will be filled with water. 

How to transplant

When the seedlings are in proper stage of transplanting and are 4-6 weeks old according to the season and 

kind of plant, then the transplanting should be done in the following way:

  Prepare the soil thoroughly before transplanting as it has to be firmed closely around the plants so that 

plant root may come in contact with the moist soil and sub-terranean moisture may be brought upward 

for the roots by the soil. 

 Through a khurpi or small transplanting trowel, take out few seedlings with care without injuring the 

roots. 

 Separate these seedlings and put them in holes in the field and press down the soil near the roots with your 

fingers to make the soil firm.
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  Pressing soil gently around the roots of plants prevents air pockets formation near roots.

 Pressing of soil is one of the most important operations while transplanting during rainy seasons. 

 Complete the transplanting as early as possible after removing the plants from the nursery.

 During transplanting, take care that seedlings are well protected from wilting. 

 This may be done by keeping the seedlings covered in moist soil, wet plant leaves or by frequent sprinkling 

of water over the seedlings.

 Do not remove the part of leaves of the seedlings before transplanting. 

 Irrigate the transplanted area immediately after finishing transplanting.

Hardening of the nursery seedlings: 

● The term hardening includes "Any treatment that makes the tissues firm to withstand unfavourable 

environment like low temperature, high temperature and hot dry wind."

● Hardening is a physiological process. Plants accumulate more carbohydrates reserves and produce 

additional cuticle on the leaves. 

● In this process seedlings are given some artificial shocks at least 7-10 days before uprooting and 

transplanting. These shocks includes

o Exposure to the full sunlight, 

o Removal of all the shedding nets, polythene sheets 

o Irrigation is stopped slowly and slowly. 

Care during transplanting 

● Plants are dug from the nursery with as little injury as possible.

● Uprooting of plants should be preceded by ample watering.

● Do not dig plants more than the required number. 

● After the plants are dug out, cover them with the moist cloth or sacks and keep them in the shade so that 

there will be little loss of water from the plants.

● Sometimes leaves or portions of leaves are removed from plants to reduce the area of transpiring water 

at transplanting time.
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● This is done to establish a better balance between the intake of water by roots and loss of water from 

leaves.

● Pruning or clipping the tops in case of onion does not aid survival.

● Light pruning does not give beneficial effects while heavy pruning sometimes results in a reduction of 

early yields and also of total yield. 

● The water loss from the cut surface may be greater than would be by transpiration, if all the leaves were 

allowed to remain on the plant 

 by carrying the seedlings in a basket covered with a wet sack.

 by carrying the seedlings with their roots submerged in a bucket of water.

Care after transplanting

● After transplanting, examine the field every day for watering whenever necessary till they are well 

established. 

● Those seedlings which are not doing well, they should be removed and replaced from the reserve 

seedlings.

●  If there is any attack of insect- pest or the disease, it must be controlled before it spreads throughout the 

fields. 

● Gap filling may also be done where the seedlings are dried.

Procedure/methodology:

● Transplanting should be done as soon as seedlings are about 3 to 5 weeks old, 10 to 15 cm tall and have 

formed about 3 to 4 true leaves. The seedling for transplanting should be:

a) Stocky and sturdy.

b) Should have good root system.

c) Should be free from any insect pests and disease infections.

● Hardening of seedlings is done 7-10 days prior to transplanting by holding water to the plants, exposure 

of seedlings to partial to full sunlight and removing the shed nets or polythene sheets.

● The nursery bed should be watered 24 hours before uprooting the seedling for transplanting so that they 

may not suffer from desiccation and minimize root damage. 
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● Dug up the seedlings. Don’t pulled up. 

● The cucurbitaceous vegetables like pumpkin, bottle gourd, ridge gourd etc. are also transplanted with the 

seedlings which are uprooted along with a ball of soil without disturbing or exposing the roots. Other 

vegetables are planted with bare roots.

● Treat the seedling with chemicals/ biofertilizers (as studied in practical-4).

● Plant seedlings in the main field. Crops such as beets, lettuce and artichokes like their roots to sit right 

below the soil's surface - just up to the crown (the place where they begin to grow). Watermelon and 

cucumbers should be planted deep enough so that the soil comes up to the base of their first leaves. While 

vegetables such as tomatoes, peppers, and eggplant like to be planted quite deep; the stem and the entire 

first set of leaves should be buried under the soil

● Apply water to plants immediately after transplanting to withstand transplanting shock. 

● Gap filling of dead seedlings with new one is required within one week. 

● Irrigate the field regularly till the seedlings establish in the field. Don’t apply water if the soil is still 

wet.

● Mulch the crop when seedlings are established in the main field. 

Precautions:

● Always transplant under cool conditions or in the evening so that plants may establish themselves in the 

cool weather in the night and may recover from the shock of transplanting before sunrise. 

● Avoid seedlings that have grown too tall. Such seedlings become weak and may start flowering very 

early. 
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Exercise 2: Each student will transplant vegetable seedling in a plot of 3m x 2m and observe the 

following:

S. No. Name of vegetable  
seedling

No. of 
seedling dead

No. of seedlings 
survived

Survival % remarks

resource Materials:

1. www.vegetablegardener.com

2. www.dummies.com

3. msucares.com/lawn/garden/vegetables/planting/transplant.html
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Practical-11
Fertilizer Application for Vegetable Growing

ExErCiSE

11.1 Fertilizer application methods for vegetable growing.

ObjECTiVE

● To study methods of fertilizer application for vegetables cultivation.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To study the factors affecting method of fertilizer application.

● To learn methods of fertilizer application of vegetable.

● To practice fertilizer application of vegetable.

Pre-learning required:  

● Knowledge about different types of fertilizers.

● Knowledge about fertilizer requirement of different vegetables.

Handouts/materials/equipments & tools required: Different types of fertilizers, pen and paper to note 

down the observations.

introduction: 

It is very important to choose the right method of fertilizer application. Choice of method of fertilizer and its 

application mainly depends on:

1. Kind of soil we are ploughing.

2. Type of crop we are taking.

3. Nutrient status of the field.
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4. Nature of nutrient we are applying.

5. Irrigation facility in the area i.e. the land is irrigated or rain fed.

There are several methods of applying manures and fertilizers in vegetable crops such as:

Soil application

It is most important method of fertilizers application. Soil application may be done in the form of:

● Broadcasting on the soil surface before ploughing.

● Broadcasting on the soil surface after ploughing and mixing with the surface soil by harrowing.

● Applying fertilizers in a band at the bottom of the plough furrow.

● Applying fertilizers in bands, 5 to 8 or more centimeters from the row and 5 to 8 or more centimeters 

below the surface.

● A combination of broadcasting methods or plough furrow application with bands at the side of the row to 

planting time.

● Applying fertilizer with a drill below the surface of the soil before crop is planted.

Which fertilizer should be applied and how?

● Since phosphates generally move only short distance from their points of placement so for better 

availability, phosphates must be placed in the zone of root development for being utilized by plant. 

● Nitrogen containing fertilizers which leaches easily, split applications are recommended at vegetative/

flowering/ fruit initiation stage.

● The placement of water soluble phosphorus in bands tends to reduce contact with the soil and result in 

lesser fixation than in broadcast application.

● In contrast to phosphorus, the nitrates salts are mobile and move vertically or horizontally within the soil 

as the water moves. In fine textured soil the movement of nitrogen is restricted.

● Potassium salts are less mobile than the nitrates but are more mobile than phosphorous.  

● In general, nitrogen and potassium carrying fertilizers are more readily soluble than the phosphorous 

material. Therefore, they cannot be safely concentrated in as large amount near the seed or the roots of 

plants because of the danger of salt damage.
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● A reduction of soil moisture increases the concentration of the soil solution. Therefore, relatively large 

amount of fertilizers placed too near the seed or seedling roots are likely to cause injury during the dry 

periods, practically when such periods occur soon after the application of fertilizer.

● It is desirable to divide the total requirement of fertilizer nitrogen into several parts to be applied from 

time to time during growing season. Fertilizers rich in potassium should be placed in a band to the side 

and below the seed or transplant.

Top dressing

Spreading or broadcasting of fertilizers in the standing crop (after emergence of crop) is known as top-

dressing. The effectiveness of topdressing depends on the weather and on the properties of the fertilizers, 

their solubility and the extent to which they migrate in the soil. Mineral fertilizers that are quickly soluble in 

water are most often used for topdressing. In general, top dressing is practiced when:

● There is need to apply partial quantity of nitrogen in the form of urea. This helps in supplying nitrogen in 

readily available form to growing plants.

● Nitrogenous fertilizers containing nitrate like sodium nitrate, calcium ammonium nitrate etc is required 

as topdressing to closely-spaced crops. 

● Small quantity of micronutrient is needed to apply.

● It cannot be applied effectively through root or soil.

Side-dressing with liquid and granular fertilizers
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Starter Solution

Solution of fertilizers consisting of nitrogen, phosphorous, and potassium is prepared in desirable concentration 

and directly applied to the roots of young plants at the transplanting time. Such solution is termed as "Starter 

solution". This method allows a direct utilization of cheapest nitrogen and phosphorus sources. Starter 

fertilizer can be used in tomato, peppers, melons, cabbage, cauliflower and broccoli.

Foliar spray

Nutrients are applied in the form of dilute solution on standing crop over the leaves of the plants.  

Fertigation

In this method, fertilizers are applied to the standing crops with irrigation water. It is safe when fertilizers are 

applied with drip irrigation. Application through sprinkler may cause burning of foliage. Fertigation is useful 

method to supplement soil application.

Precautions:

● Soil testing is essential before application of fertilizer in the field. The amount of fertilizer(s) should be 

calculated based on soil test for balanced use of nutrients.

● Secondary nutrients like sulphur should be used either alone or through sulphur bearing fertilizers. In 

acid soils, calcium and magnesium should be maintained at the optimum level.

● Micronutrient should be applied wherever necessary. In acidic soils boron and molybdenum, and in 

alkaline soils, iron, zinc and manganese should be made available. Phosphate rich calcareous soils may 

show zinc deficiency problems.

● Fertilizers should be selected on the basis of soil characteristic that is avoid acid fertilizers in acid soils 

and basic fertilizers in alkaline soils.

● Improve soil structure through the addition of organic manure and gypsum. Black and alluvial soils 

should be deep ploughed.

● Use of high yielding varieties, irrigation at an appropriate time and amounts, removal of weeds, spacing 

and plant population should be taken care of.

Exercise 1: Practice the broadcasting of organic fertilizer in an area of 3m x 2m field at the time of last 

ploughing of the field before sowing of particular crop.
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Exercise 2: Practice the top dressing of urea in an area of 3m x 2m field as recommended dose of urea in 

standing vegetable crop.

resource Material:

1. Donald N. Maynard and George J. Hochmuth, Knott's Handbook for Vegetable Growers, 4th edition 

(1997).

2. Image source: http://www.dummies.com/how-to/content/how-to-apply-fertilizer-to-a-vegetable-garden.

html
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Practical-12
Preparation of Pesticide Solutions and 

its Spray in Vegetable Crops

ExErCiSES

12.1 Preparation of pesticide solutions. 

12.2 To learn about plant protection appliances and spray of pesticide solution in vegetable crops

Exercise 12.1: Preparation of pesticide solutions.

ObjECTiVE

● To learn about preparation of pesticide solution. 

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To calculate the amount of pesticide needed for making pesticide solution.

● To make pesticide solution.

Pre-learning required: Knowledge about various types of pesticides. 

Handouts/materials/equipments & tools required: Pesticides, water, measuring cylinder, bucket, a stick 

for stirring, spray pumps and gloves.

introduction:  

Pesticides are the manmade chemicals are often used as the front line of defense against destructive plant 

diseases and insects. When properly used, they can minimize agricultural losses and pest competition. 

Knowledge of the pest to control, availability, chemical characteristics and capabilities, application 

techniques as well as safety concerns are all an integral part of the planning the pesticide spray in 

vegetable crops.
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Pesticides come in various formulations and are combinations of two or more of the following ingredients:

● Active ingredients: The active ingredient is the chemical which is toxic to the target pest. It is designated 

as percent of the concentrate total.

● Solvent: The solvent is a compound used to dissolve the active ingredient, which may be a solid. Some 

common solvents are acetone, kerosene, varsol, and hexane.

● Emulsifier: An emulsifier is a soap or chemical which, when used, will allow an oil and water to mix.

● Diluent: Compounds which dilute the total ingredients to a desired concentration in the pesticide product. 

They may be inert ingredients such as powdered rock or clay.

● Synergist: A synergist is a chemical which, when mixed with the pesticide product, may increase the 

pesticides activity.

Procedure/methodology:

(1) Take 10 litres of water.

(2) Using the following formula find out the amount of pesticides required:

 Quantity of pesticides needed =  
Recommended dose x amount of water (ml)

Active ingredient 

(3) Fill the chemical in measuring cylinder up to the mark of estimated quantity. 

(4) Mix the chemical in the water taken in the bucket.

(5) Stir it thoroughly with wooden stick. 

(6) Spray the solution of affected plants. 

(7) Use appropriate pump for spraying.

Calculation: 

Calculate the quantity for spray of 0.05% Monocrotophos 46% to make a solution in 100 liters of water. 

Quantity of monocrotophos = 
Recommended dose x amount of water (ml)

Active ingredient 

    =  
0.05x100x1000

46   = 108.695 ml
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Required Quantity of monocrotophos 46% is equal to 108.695 ml. ie 108.70ml.

Observations: 

Record the following observations 

(i) Name of the Pesticide 

(ii) Percentage of active ingredient 

(iii) Quantity of pesticide required 

(iv) Pump used for spraying 

(v) Effect on Pest/diseases

Precautions:

(1) Handle the chemicals with due care. 

(2) Chemical should be kept away from children and pets. 

(3) The chemical to be used for preparation of solution should be free from impurities. 

(4) Do not clean the nozzle with mouth. 

(5) Do not use leak pumps for spraying.

(6) Follow the instructions given on the overleaf of the pesticide pack in case of poisoning. 

(7) Chemical should not come in direct contact with body, use hand gloves while preparing & spraying 

pesticide.

(8) Wash the hands & other body parts with soap if they come in contact with chemicals.

Exercise: Calculate the quantity for spray of 0.04% Dimethoate 50% to make a solution in 10 liters of 

water.
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Exercise 12.2: To learn about plant protection appliances and spray of pesticide solution in vegetable 

crops.

ObjECTiVE

● To practice the use of sprayers in vegetable crops to spray pesticide in vegetable.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To learn and practice the use of sprayer.

Pre-learning required: Types of sprayers used in vegetable production.

Handouts/materials/equipments & tools required: Different types of spray pumps.

introduction:

The use of pesticides aids in vegetable production improvement. Despite the fears and real problems pesticides 

can create, these crop protection chemicals improve environmental quality for man, animals and plants.

Various types of sprayers are used for spraying pesticides in vegetable field. Proper knowledge of using and 

maintaining these sprayers is essential for smooth functioning of them for long duration. Different types of 

sprayers used for vegetables are Knapsac sprayer, Marut sprayer, Foot sprayer, Rocker sprayer and stirrup 

sprayer or bucket sprayer. 

Knapsac sprayer Foot sprayer
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Procedure/methodology: The use and maintenance of sprayers have three aspects:

1. Before spraying

2. At the time of spraying

3. After spraying

Things to be practiced before use of the pump: 

● Select proper pump and ensure all the accessories are available with the pump.

● Inspect and assemble all the parts of the pump and tighten all the parts. Do not use leak or loosen parts.

● Select proper nozzle for spraying. The nozzle should be clean.

● Test the pump by filling water in it. Ensure that the flow of solutions is uniform.

● Use clean and filtered solution for spray.

● Use necessary fuel for power operated sprayers.

Things to be practiced at the time of spraying:

● Keep proper pressure for spraying so that spray reaches the proper distance.

● Adjust the spray according to crop height, air flow so that amount and direction of spray is uniform.

● Avoid contact of parts of pump with soil.

● If nozzle is blocked, do not clean it with mouth. Use wire for cleaning.

● Never use leak pump.

● Stir the solution properly.

Care of pumps after spraying:

● Wash the pump and its parts with plenty of water.

● Clean the tank and other parts and dry them.

● Wash the nozzles with kerosene.

● Lubricate those parts, which need lubrication.

● Change the weared parts, if necessary.
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Observations:

Visit to vegetable field. Observe and record the types of sprayers being used. Also, record the pesticide being 

used in a particular crop.

Precautions:

● Spray chemical in the direction of wind.

● Avoid contact of chemicals with any body part.

● Avoid eating, smoking & drinking at the time of spraying.

resource materials:

1. agricoop.nic.in/dacdivision/machinery1

2. www.indiamart.com
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Practical-13
Preparation of Processed Products from Vegetables

ExErCiSES

13.1 Preparation of Tomato ketchup.

13.2 Preparation of mixed vegetable pickle.

Exercise 13.1: Preparation of Tomato ketchup.

ObjECTiVE

● To learn the preparation of tomato ketchup.

Delivery schedule: 01 period.

Student's expectations/learning objective: 

● To learn about methods / steps involved in preparation of tomato ketchup.

Pre-learning required: Processing, preservation and value added products of vegetables.

introduction: 

Ketchup is a spicy and sweet product prepared from the pulp of tomatoes. Salt and vinegar are the main 

ingredients for preservation. Acetic acid is present in vinegar and does not allow microorganisms to be 

active. Sugar and spices are also added to enhance its taste. The most common variety of ketchup is made 

from tomatoes and is known as tomato ketchup.

Handouts/materials/equipments & tools required:

Sl. No. ingredients Quantity

1. Tomato juice/ pulp 3 kg

2. Onion (chopped) 250 g

3. Garlic (chopped) 3 g

4. Cloves (Whole) 1 g
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5. Cardamom (coarsely powdered) 1 g

6. Black pepper (coarsely powdered) 1 g

7. Jeera (coarsely powdered) 1 g

8. Cinnamon (coarsely powdered) 1 g

9. Red chillies (powdered) 1.50 g

10. Common salt 25 g

11. Sugar 1 kg

12. Vinegar 10 ml

13. Sodium benzoate 0.25 g

Equipments:

Gas stove, steel pan, cooker, plate, spoon, mug, wooden ladle.

Procedure/methodology:

1. Select ripe and fully red tomatoes.

2. Wash them thoroughly in running water.

3. Remove the green and blemished portions and discard them.

4. Cut tomatoes into small pieces.

5. Collect the cut pieces in an open pot and crush them thoroughly with a wooden ladle.

6. Cook the crushed mass for about 5 minutes.

7. Strain it through 1 mm stainless steel sieve by rubbing with the bottom of a mug.

8. Discard the skin and seeds of tomatoes.

9. Weigh the juice and store for further use.

10. To the pulp, add 1/3rd of the total sugar given in the recipe.

11. The spices are tied loosely in a muslin cloth bag. Place the bag in the pan during boiling of pulp.

12. Heat the pulp till its thickens and reduces to about 1/3 of its original volume.

13. Remove the cloth bag and squeeze it well to extract the aroma and flavor of the spices.

14. Add salt, remaining sugar vinegar.
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15. Heat the mass for few minutes so that the volume of the finished product is about 1/3rd of the original 

pulp.

16. To a small quantity of finished product, add sodium benzoate @ 0.25g/kg of finished product and mix 

thoroughly.

Observation:

Colour of the ketchup should be reddish.

Precautions:

The following rules should be kept in mind to secure a product of high quality.

1. Use only ripened and red tomatoes as far as possible.

2. Never use iron equipment at any stage of preparation Iron form black compounds with the tannin of the 

tomatoes or of the spices used. Equipments should be preferably stainless steel. Copper equipments also 

adversely affect the color of tomato products.

3. Avoid prolonged heating. Cool the product quickly after preparation.
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Experiment 13.2: Preparation of mixed vegetable pickle.

ObjECTiVE

● To learn preparation of mixed vegetable pickle.

Delivery schedule: 01 period.

Student's expectations/learning objective: 

● To learn about methods / steps involved in preparation of mixed vegetable pickle.

Pre-learning required: Preservation of vegetables using salt.

Handouts/materials/equipments & tools required:

Sl. No. ingredients Quantity

1. Cut vegetable (carrot, cauliflower, turnip) 1 kg

2. Ginger 15 g

3. Onion 50 g

4. Red Chilli powder 10 g

5. Mustard seeds 10 g

6. Garam masala 10 g

7. Salt 60 g

8. Mustard oil 100 g

9. Vinegar 100 g

10. Jaggery 100 g

Equipments:

Gas stove, steel pan, cooker, plate, spoon, wooden ladle, container.
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introduction:

Remember all those times when your mother didn’t have time to cook a proper meal for the family. What 

did she do then? Tasty and delicious ‘paranthas’ were quickly made and served with mango/ lemon/mixed 

pickle.

You must often taken pickles in your tiffin box. Pickles add on to the taste of food. Almost every home has 

a bottle of pickle. Actually, the whole process of preservation of food by common salt and oil or in vinegar 

is actually pickling.

The principle of preservation in pickles is the addition of salt from 15 to 20%, followed by addition of oil. 

The high concentration of salt creates high osmotic pressure and prevents water from being available for 

bacterial growth. The oil in the pickle acts as an air seal and prevents the microorganisms in the air from 

coming into contact with the food. Sometimes, spices are also added as they have antimicrobial properties. 

These not only help in preservation of pickles but also improve its aroma and taste.

Procedure/methodology:

1. Select fully well developed vegetables- carrot, cauliflower, turnip.

2. Wash and clean them.

3. Cut the vegetables into small pieces, about 2- 3 inches in length, and take about 1 kg total of the cut 

vegetables in equal proportions.

4. Blanch the vegetables and dry them for 6-7 hours in the shade.

5. Cook vinegar and jaggery together in a pan, strain it and keep it aside.

6. Grate the onion and ginger.

7. Heat mustard oil and fry the ginger and onion in the mustard oil till they become light brown in colour.

8. Add all the coarsely powered spices, mix it well for 1 min.

9. Add the vinegar and jaggery syrup to it and then add the vegetables and mix them all together.

10. Pack it into sterilized containers and keep in the sun for about a week.

Precautions: 

1. All the spices being used should be cleaned properly. 
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2. Sterilize the containers by boiling in hot water and dry them thoroughly.

3. Select only fresh and firm vegetables which are fully developed and free from blemishes.

4. Wash and dry vegetables thoroughly before using.

5. Cleanliness and hygiene very important and must be observed throughout the entire processing.

6. Make sure that metal lid of the container do not come in contact with the pickle.

7. Put wax paper between the lid and the containers and store pickles in a cool and dry place.

Exercise: Evaluate the pickle made.

resource Material:

1. Preservation of fruits and vegetables. National Institute of Open Schooling, Noida.
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Practical-14
breaking Dormancy to induce Germination in Potato

ExErCiSE 

14.1 Breaking dormancy to induce germination of potato seed tubers.

ObjECTiVE

● To study the effect of chemicals on breaking dormancy in potato tubers to induce germination.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● Necessity of breaking dormancy.

● Chemicals used for breaking dormancy and methods of treatment.

● Precautions to be followed during seed treatment.

Pre-learning required:  Dormancy in potato.

Handouts/materials/equipments & tools required: Dormant potato tuber, knife, water, thiourea, carbon 

disulphide, ethylene chlorohydrins, closed container, gunny bags,  paper sheet and pen to note down the 

instructions and observations.

introduction

Potato tubers can not be sown immediately after harvest as they have dormancy period during which 

the tubers will never germinate. Thus, dormancy may be defined as the inability of the viable seed to 

germinate even under favourable conditions. In seed potato it lasts for 2 to 3 months of its harvest. Delay in 

germination may lead to reduction in crop yield due to skipping favourable time of growth and development. 

It is important to break this dormancy to ensure quick and enhanced germination. Tubers dormancy period 

can be eliminated by setting the storage temperature, cutting the tubers, and treating by chemicals. Treating 

tubers with chemicals is a safe and confident method. Among the chemicals applied for breaking down the 

dormancy, one can refer to GA3, thiourea, ethylene, ethyl bromide, and carbon disulphide. Thiourea is a 
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catalyse inhibitor, which triggers potato tubers germination and healing tuber injuries. Thiourea solution in 

an appropriate concentrate not only facilitates germination, but also produces more than one sprout in each 

eyes of potato.

Procedure:

Different chemicals are used for breaking the dormancy as described below:

● Take dormant potato tubers and cut them into pieces, each having atleast two eyes and minimal weight of 

30-50 g. 

● Prepare a solution by dissolving 10-20 g of thiourea (1-2%) in one litre of water. One kg of thiourea is 

required for 10q of seed tuber.

● Treat the cut tubers by keeping them in this solution for 1-1½ hours.

● Dry the treated tubers in the shade and then sow them.

 or

● Prepare 5 ppm solution of GA3 (50 mg in 10 litre of water) and put the tubers in this solution for 10 

seconds. Dry them in the shade before sowing.

 or 

● Treat the tuber with acquous solution of thiourea (1% i.e. 10 g/litre of water) for one hour followed by 

dipping in 2 ppm solution of GA3 (20mg/10 litres of water) for 10 seconds which is more efficient in 

increasing sprouts number and length.

 or

● Ethylene chlorohydrine is also used as a gas treatment. Take 6 parts of water and 4 parts of ethylene 

chlorohydrine and mix them. Keep tubers in this solution for 5 days in an air tight chamber at 70-80° F 

temperature.

● After these treatments observe their sprouting by keeping in incubator at appropriate temperature and 

calculate sprouting percentage.
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Practical-15
Hybrid Seed Production Technology of Tomato

ExErCiSES

15.1 Techniques of hybrid seed production.

15.2 Emasculation of tomato flowers.

15.3 Pollination of emasculated flowers of tomato.

Exercise 15.1: Techniques of hybrid seed production.

ObjECTiVE

● To learn the basic principles of hybrid seed production.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● Importance of hybrid seed.

● Knowledge about related technical terms.

Pre-learning required: Knowledge about hybrids and basic principles of seed production.

introduction: 

Seed is the most important basic input for cultivation and quality seeds of improved varieties and hybrids have 

played an important role in enhancing the production and productivity of vegetable crops in India.  Successful 

use of hybrids mainly depends upon the existence of an economically significant level of heterosis. Efficient 

mechanism to make hybrid seed production economical and an efficient reliable system for the maintenance 

of parental lines are required for making hybrid technology a viable option. The seed set on the female parent 

per act of pollination largely determines the cost of the hybrid seed.

What is hybrid seed?

Hybrid seed is the seed of F1 generation sold for commercial cultivation of vegetable crops.
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Advantages of hybrid seeds 

1. Higher productivity.

2. Better adaptability.

3. Earliness.

4. Uniformity in fruit shape, size and maturity.

5. Better fruit quality and consumer appeal.

6. Resistance to important diseases. 

7. Higher prices for seed producer.

8. Protection of hybrid in terms of non disclosure of parental lines.

Hybridization:

Hybrid seeds are derived from sexual mating (called crossing) between two homozygous (phenotypically 

uniform) parental lines. These parental lines are derived after several generations of self pollination (called 

selfing). Seeds developed from selfing are called selfed seeds. Tomato flower is hermaphrodite in nature and 

high amount of selfing takes place in natural seed set. For hybrid seed development, flowers of one selected 

line is forcibly prepared as female by removing all the five anthers/stamens (containing pollens) from each 

flower which is technically called emasculation and will be practiced in next exercise.  Pollen grains are 

collected from anthers of other selected line (male line) and utilized to pollinate stigma of emasculated 

buds and this process is called cross pollination. The complete process of emasculation and pollination is 

collectively called crossing or hybridization. 

Selection and multiplication of parental lines:

Availability of already identified potential male and female parental lines is pre-requisite for hybrid seed 

production. If someone wants to start hybrid seed production of tomato hybrids developed by public sector 

research institutions/State Agricultural Universities, parental lines of specific hybrids should be arranged from 

these institutions. Once small quantities of seeds of parental lines are obtained, they should be multiplied in 

isolation employing all appropriate seed production technology.

isolation distance:  

The isolation distance for multiplication of parental lines of tomato should be 25 meters. Seed multiplication 

field of male and female parent should be separated from each other by at least 25 meters. Other commercial 
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variety or self grown plants of tomato or its wild relatives should not be present within prescribed isolation 

distance. Hybrid seed production field should also be separated by 25 meters.

Crop management:

General management of tomato crop has already been discussed in other exercise and it should be followed. 

Some of the extra care required for seed crop is discussed here.

Climatic requirement

Seed production should be taken in main season crop only and harvesting time should be free from excessive 

moisture. Quality seed production mainly depends on humidity and soil moisture, especially after fertilization 

and during development of embryo. Usually 60% relative humidity is considered good for developing 

adequate number of crossed fruits per plant and for quality seed setting in the specific area. 

Transplanting 

Normally thirty days old seedlings are transplanted in hybrid seed production field. For getting sufficient 

pollen at the time of crossing, seedlings of male lines should be transplanted 10 days before the transplanting 

of female line in the main field. It requires adjustment in sowing of male line in nursery as well. 

Planting ratio

One pollen plant is sufficient for pollinating five female plants. Hence planting ratio of female and male 

seedlings should be 5:1. It means after 5 row of female parent seedlings 1 row of male parent seedling should 

be transplanted. For commercial hybrid seed production, female and male parents are generally planted in 

separate blocks of field.

Stacking: 

Plants of female parent should be stacked, which facilitate proper handling of plants during emasculation 

and pollination. It also helps in keeping crossed fruits above the ground level and preventing damage due to 

rotting. 

Exercise 1: Make a group of 4-5 students and each group will do this exercise separately and after completion 

they should discuss among themselves about their findings. 
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a) Each group will prepare a list of tomato hybrids developed from public sector Institutions.

b) Prepare a list of commercial tomato hybrids from nearby seed market along with their label, company and 

prices.

c) Collect information about popularity and sale of different tomato hybrids in your area and find out the 

reason for that.  

Exercise 15.2: Emasculation of tomato flowers.

ObjECTiVE

● To learn the technique of emasculation.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● Requirements for emasculation.

● Practice hand emasculation in the field.

Pre-learning required: Knowledge about hybrids and mechanism of hybrid seed production.

Handouts/materials/equipments & tools required: Forceps, butter paper, bag, cotton, tomato plants in 

flowering stage.

introduction:  

The removal of anthers/stamens (male part) from hermaphrodite flowers is called emasculation. Emasculated 

flower buds can be treated as female flowers because male sex organ (anthers containing pollens) is removed 

and only female sex organ (pistil) remain in the bud. Emasculated line is called as female line.

Tomato flower:

Tomato has perfect flowers grouped in compound inflorescences known as a cyme. Each inflorescence 

usually includes 4 to 8 flowers, and each plant may produce as many as 20 or more successive inflorescences 

during its life cycle. Each flower of tomato contains both female (pistil = ovary+ style + stigma) and male 

(stamens/anthers) sex organs, hence they are hermaphrodite.  Inside anthers, pollen grains (male gamete) 
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and inside ovary, eggs (female gamets) are formed. The innermost whorl of flower contains female sex 

organs, viz. ovary, style and stigma (collectively called pistil). Five anthers (also called stamens), five petals 

(collectively called corolla), five sepals (collectively called calyx) surround the stigma and style in sequential 

manner. Sepals are persistent, i.e., they remain attached with the developed fruits, while corolla drops few 

days after fertilization.   In the hermaphrodite tomato flowers, five or more anthers are united forming a cone 

that encloses the pistil, which is usually shorter than the anthers, especially in commercial cultivars. This 

characteristic facilitates self-pollination of the flowers. The whole cone of anthers may be removed from the 

perfect flowers, leaving just the pistil.

Emasculation:

This is very critical step during hybrid seed production, because it affects both yield and seed quality. If 

emasculation is performed too early, the pistil of the flower could be damaged. Because the ovary of the pistil 

is the organ that develops into the fruit and is where the seeds are produced, any damage to this structure 

influences yield. On the other hand, if emasculation is done too late, pollen from the anthers could reach 

the stigma causing self-pollination. Seed produced in this way is not a F1 genotype but possesses the same 

genotype as the mother/female line, so it results in contamination and reduced genetic purity of the seed. 

In tomato, anthesis within each inflorescence is not uniform, which is a problem in seed production. The 

optimal moment for emasculation must be determined for each flower and is generally one to two days before 

anthesis, when the flower is still green, the sepals have begun to separate and the petals have not reached 

their final dark yellow colour. The whole anther cone can be removed with forceps or directly by hand. 

Usually, emasculation is done in the afternoon and the emasculated flowers are pollinated the following day. 

An emasculated flower is susceptible to contamination by foreign pollen, so proper isolation is important. 

When female plants are under protected structures, it is important to ensure that no insects are present. When 

produced in the open field, spatial isolation of 50 to 200 m from other genotypes may be required.

Selection of flower buds:

The selection of appropriate size and kind of buds for emasculation is 

important for successful crossing and to get maximum hybrid seed yield. 

Only first formed flower bud from each flower cluster should be selected 

for emasculation which are expected to open next day. The remaining buds 

in the cluster should be removed with the help of forceps or scissors. 
Selection of flower bud  

for hybridization
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Time:

Emasculation is generally done in the evening hours, however, during commercial hybrid seed production, 

it is usually performed in the morning hours. 

Procedure of emasculation:

From the selected unopened buds, all five anthers should be removed carefully with the help of forceps with 

following precautions:

a. Anthers should be removed intact, so that no pollen should adhere to the stigma of emasculated buds.

b. Stigma should not get mechanical injury.

Emasculated buds should be covered with thin cotton layering, to protect 

stigma from self pollen.

For commercial hybrid seed production, it is advisable to remove all the 

anthers along with corolla in single stretch with the help of fingers. In this 

technique, selected flower bud is held in left hand and the corolla is brought 

near the flower base with the help of thumb and forefinger of right hand. Finally, with the help of right hand 

through one upward pull and gently pressing the base of bud with left hand, the corolla and stamens are picked 

off. This method of emasculation is cost effective. It requires more technical skills and practice because 

without much practice, more often stigma also comes out along with the anthers and corolla. However, after 

little practice one can quickly become masters of this exercise. 

Exercise 1: Each student will practice emasculation of 50 flower buds on different plants of tomato and 

observe the following:

S. No. Date Plant No. No. of buds 
emasculated

No. of stigma 
damaged 

No. of buds used for 
pollination

remarks

Emasculation
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Exercise 15.3: Pollination of emasculated flowers of tomato.

ObjECTiVE

● To study and practice the pollination of emasculated flowers 

Delivery schedule: 01 period.

Student's expectations/learning objective: 

● To know the pollination.

● To practice pollination of tomato flowers.

● To learn the procedure of making hybrid seed.

Pre-learning required: Knowledge about hybrid seed and techniques of emasculation.

Handouts/materials/equipments & tools required: Forceps, butter paper bag, needle, cotton, brush, 

petriplate, pollinating ring, glass tube, plants in flowering stage.

introduction:

In the process of pollination, pollen adhere to the stigma. After that pollens start germinating through style 

and two male sperm cells are formed, which participate in double fertilization (syngamy and triple fusion)  

inside the ovary. In syngamy, one male sperm fused with egg, resulting in the formation of embryo, which 

is the basic unit of seed.  Triple fusion is fusion of another male sperm with secondary nuclei, resulting in 

the development of endosperm, which provides nourishment to the growing embryo during early stage of 

germination.

On the basis of dispersal of pollen from anthers on to the stigma (mode of pollination), tomato is strictly self 

pollinated crop because pollen of same flower pollinate (leading to fertilization) stigma of the same flower. 

Pollination of emasculated flower buds:

 After emasculation of flower buds on the plants of female line, pollen grains are collected from anthers of 

other selected line (male line) and utilized to pollinate stigma of emasculated buds and this process is called 

cross pollination. In self pollinated crops like tomato, pollination is achieved manually and called hand 

pollination or manual pollination. Thus the crossing or hybridization in tomato consists of two steps (a) 

emasculation followed by (b) hand/manual pollination.
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Manual Pollination:

Time: 

Pollination is usually done one day after emasculation, as the pollination on same day of emasculation 

results in less number of crossed (hybrid) seeds because the pistil and stigma are not fully mature and/

or receptive. However, for commercial hybrid seed production, pollination is also performed immediately 

after emasculation to save the labour requirement. In large field, lot of labours will be required to search 

emasculated flowers for pollination if it will be done next day.

Collection of pollens: 

The suitable time for pollen collection is in the morning before pollen has shed from anthers. Anther cones 

are removed from flowers of male parent and pollens are collected preferably in pollinating ring or in glass 

tube or petriplate. For commercial hybrid seed production, abundant quantities of flower buds of appropriate 

size are collected and kept in petriplates under sunlight for few minutes which facilitate in bursting of pollens 

from anthers then the anthers are removed and crushed, so that pollens dehisce from anthers. Pollen grains 

along with the crushed anthers are collected in pollinating ring or glass tube or petriplates. 

Procedure of pollination:

For developing experimental crosses, cotton layers of emasculated buds are removed and pollination is 

performed using brush or forceps containing desired pollen. After pollination, pollinated buds are again 

protected with the help of thin cotton layers and buds  are tagged on pedicel with  different colour paper tags 

indicating different dates of crossing. 

Pollination

Collection of pollen from male flower Pollen collection
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For commercial hybrid seed production, at the time of pollination, the stigma of emasculated bud is inserted 

in pollen ring or into glass tube, so that abundant pollen adhered to stigma. After pollination, two calyx of 

pollinated buds are clipped to mark the pollinated buds which later developed into crossed fruits. 

Exercise 2: Each student will pollinate about fifty emasculated flower buds of tomato and observe the 

following:

S. 
No.

Date Plant 
No.

No. of 
buds 

pollinated

Colour 
of paper 

tags

No. of 
fruits set  

Successful 
Crossing  

(%)

No. of fruits 
harvested for 

seed

remarks

resource Materials:

1. Kumar, S., Kumar, R., Kumar, S., Singh, M., Banerjee, M.K and Rai , M. 2003. Hybrid Seed Production 

of Solanaceous Vegetables: A Practical Manual, IIVR Technical Bulletin 9, PP1-34.

2. Kalia, P. and Yadav, R.K. 2012. Advance techniques in Vegetable Hybrid seed production, Division of 

Vegetable Science, IARI, New Delhi, 178 P.

3. www.avrdc.org
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Practical-16
Use of Protected Structures for Vegetable Cultivation

ExErCiSES

16.1 Introduction to protected cultivation and different types of protected structures.

16.2 Low cost poly-house technology for off-season nursery raising of vegetable crops.

ObjECTiVES

● Knowledge about different protected structures used for growing vegetable crops.

● Knowledge about   growing vegetable seedlings inside protected structure.

Delivery schedule: 02 periods.

Student's expectations/learning objectives:

● To know basic principles of protected cultivation.

● Knowledge about different types of protected structures.

● Practice growing of vegetable seedling in polyhouse.

Exercise 16.1: Introduction to protected cultivation and different types of protected structures.

introduction:

Sometimes, plants in open field conditions experience unfavourable climatic conditions (too cold, too hot, 

too dry and cloudy ambient), vulnerable to predators, pests, weeds, depleted soil moisture and plant nutrients. 

In protected agriculture one or more of these factors are controlled or altered, to the advantage of plants, 

where usually factors such as temperature, CO2 concentration, relative humidity, access to insect and pest 

etc., are controlled to desirable limits. For economic reasons, protection or control is provided against the 

most significant stresses.

Principles:

Basic principle involved in protected cultivation are greenhouse effect for heating cultivated space using 

sunrays and ventilation for cooling and air CO2 regulation. Cultivated area is isolated and covered with 
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plastic film or glass which is transparent to incoming short wave radiation from the sun impinging on outer 

surface but opaque (partially) to emergent long wave infrared radiation from soil, plant and structural 

surfaces, thereby trapping the heat. As a result enclosed space maintains higher temperature than the ambient. 

However, trapped heat is gradually dissipated through conduction, convection/ventilation and radiation. By 

incorporating heat sinks, reduced ventilation and application of radiation shields either rate of cooling is 

slowed down or a supplemental heat source placed inside. In summer months when sun is too bright and 

ambient too hot, shading, natural /forced ventilation, evaporative cooling prevent excessive temperature 

build up.

The major protected structures being utilized for vegetable cultivation in India are discussed below:

Low Tunnel

Low tunnels generally cover rows of plants in the field providing protection against low temperatures, frost, 

winds and insect pests. Clear plastic films or nets are stretched over low (up to 1.0 m high) hoops made of 

steel wires, bamboo strips or cane. Polyethylene films of about 50 micron thickness with ventilating holes 

(4% of surface area) are used. Sometimes PVC films are also used. Recently use of non-woven spun bonded 

porous lighter films have also come in practice. Low tunnel provides a passive control of plant microclimate. 

Plastic mulches and drip irrigation in conjunction with low tunnels have better effect. Low tunnels permit 

early crops with significantly higher yields of melons, cucumber, tomato, strawberry, capsicum, beans, 

summer squash etc.

Low tunnel used for growing French bean during Jan-Feb in North Indian plains
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Polyhouse/green house

It is a framed or inflated structure using transparent or translucent cover that creates greenhouse effect, 

allowing at least partial control on crop microclimate and is large enough to permit a person to work inside. 

The air temperature rise inside a polyhouse/greenhouse during winter is utilized to grow nurseries, planting 

materials and crops without supplementary heat. The enclosed space through controlled ventilation permits 

enrichment of air inside with higher CO2 concentration which enhances crop productivity. Relative humidity 

and temperatures can be raised or lowered than ambient through shading and evaporative cooling or air-

conditioning. It is a very intensive method of cultivation that has very high productivity, per unit area, yields 

superior quality exportable produce with higher prices. 

Polyhouses are constructed using Gl pipe of 25-75 mm diameter with a wall thickness of 2 mm. These 

structures are fastened by welding, nut and bolts or clamped. Foundation for posts, size of hoops and perlins 

are worked out on engineering principles. Good covering material (cladding) is essential to ensure a good 

life and to achieve good greenhouse effect. Mostly UV stabilized 200 micron (800 gauge) low density 

polyethylene (LDPE) films are preferred. Polymer chemistry offers a wide range of films suitable for different 

conditions - diffused or relatively translucent films, cross-laminated, anti-fog, anti-drip, anti-sulphur types.

Climate Control inside Polyhouse

Optimum temperature for most of the plants (vegetables & flowers) is in the range of 25- 30° C with a  

60-80% RH and a CO2 concentration of 600-700 ppm. Greenhouse effect increases air temperature inside 

Structure of a poly house being used for vegetable cultivation
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the polyhouse which is generally beneficial for crops in cold areas like Himalayan region. Under extremely 

cold conditions supplemental heating may be needed. In India, particularly during summer it is cooling that 

is more often required than heating. Temperature inside the polyhouse can be lowered by natural and forced 

ventilation, evaporative cooling using fan and pad system, misting, shading etc. Polyhouses without any 

ventilation or cooling device maintain 6-10° C higher temperature than ambient during day time. Natural 

ventilation can reduce it by 2-5° C. However, if forced ventilation is in place inside temperature may be only 

1-2° C higher than ambient. For further reduction shading and/or misting can be employed. Evaporative 

cooling can however, bring down air temperature inside lower than the ambient, net cooling will depend 

upon RH of the ambient air. IS 144485:1998 provides guidelines for ventilation, cooling and heating in 

polyhouses. During summer months insect-proof nets and shading materials are found helpful and widely 

used. In extreme hot weather misting inside keeps temperatures favourable.

Experiment 16.2: Low cost poly-house technology for off-season nursery raising of vegetable crops.

Pre-learning required: Knowledge about nursery management of vegetable crops. 

introduction

Low-cost polyhouse technology to grow off-season nursery of cucurbitaceous vegetables in winter season 

(December-January) for raising extra-early crop in spring-summer season is very useful for earning higher 

profit by selling produce at high market rate.  By adopting this technology cucurbitaceous crops can be taken 

one and a half-month in advance in comparison to direct seeding of these crops in the plains. The extra early 

crop in spring-summer season is highly profitable to the growers and has been adopted as a business by some 

farmers in North Indian Plains for growing and selling off-season vegetable seedlings. It has become popular 

in plains, lower hills as well as at high altitudes.

Technological details

The low cost polyhouse is a zero-energy chamber made of polythene sheet of 700 gauge supported on 

bamboos or PVC pipe with sutli and nails.  Its size depends on the purpose of its utilization and availability 

of space.  It has only one opening kept for 1-2 hr during the day.  The structure depends on the sun for heating.  

The temperature inside polyhouse is 6-10° C higher than outside.  The cold waves during December-January 

do not enter into the polyhouse and inside environment becomes conducive for quick germination of seeds 

and growth of young seedlings.  The polythene bags of 8 x 15cm2 size are used for sowing the seed and 

raising the cucurbit seedlings in the polyhouse. A polyhouse of 10m x 5m size can easily accommodate 9000 
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polythene bags.   Before filling these polythene bags with the mixture of garden soil, sand and compost in 

1:1:1 ratio, 4-5 small holes are made at the bottom and side of each bag.

The bags are filled with the said mixture keeping 2-3 cm vacant from the top.  The filled bags are kept inside 

polyhouse in groups in such a way that one person can easily sow the seeds and work. One to two seeds are 

sown in each bag during last week of December or 1st week of January after treating them with fungicide Captaf 

@ 2 g/litre of water.  After sowing, a thin layer of sand is put to fill the top of the polybags in order to facilitate 

proper germination. After sowing the seed, light irrigation is given by watering can.  After 25-30 days of sowing, 

the seedlings become 10-12 cm long and then they are kept outside the polyhouse for 2-3 days for hardening.  

In the first week of February when danger of frost is over, the seedlings are transplanted on the northern slope 

of prepared channels in the field after removing the polythene bags with the help of blade without disturbing 

the earth ball.  After transplanting, light irrigation is given for better establishment of plants.

Structure of low cost polyhouse  for off season vegetable nursery 

Off season vegetable nursery inside low cost polyhouse
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Economics of raising cucurbit seedlings under low cost polyhouse

Total area (12 m x 4 m) = 48 sq.m.

Height towards North : 2.0 m

Height towards South : 1.8 m

Opening (width - 0.75 m and height - 2.0 m)

Path in the middle - 0.75 cm wide and 10 m long

Vacant space between each of two nursery groups for sitting and working  : 0.4 m wide

Total number of polythene bags in 12m x 4m polyhouse = 8500

Total cost for making polyhouse and raising 8500 seedlings: Rs 9500 /- approx.

Cost of raising one seedling in each bag: Rs 1.10

Selling price of each seedlings: Rs. 2

Gross return by selling 8500 seedlings : Rs. 17000/- approx

Net return                                              : Rs. 7500/-   approx

The net profit margin gets increased in the subsequent years because of less input cost.

Exercise: 

1. Low cost polyhouse can be made by using local materials available and polythene sheet.  Raise the 

seedlings of cucurbits during December-January under poly house and same may be used for transplanting 

in school/community garden or can be sold to local market and work out economics.
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Practical-17
Harvesting indices, Grading and 

Packaging of Vegetables

ExErCiSES

17.1 To study harvesting indices of vegetables.

17.2 Grading and packaging of vegetables.

Exercise 17.1: To study harvesting indices of vegetables.

ObjECTiVE

● To identify the harvesting stage of the vegetable.

● To learn about methods of harvesting.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To identify the harvesting stage of particular vegetable as per requirement. 

● To learn harvesting techniques. 

Pre-learning required: Knowledge of judging maturity indices of vegetables. 

Handouts/materials/equipments & tools required: Knife, pen and paper to note down observations.

introduction:  

Harvesting is the final agricultural operation in field. It depends upon kind and variety of crop, weather, 

conditions at time of sowing, distance of market and the purpose of marketing. Commercial vegetable 

growers, wholesalers and retailers are experts at selecting the optimum harvest time and storage conditions 

to ensure that the vegetables will have the longest possible shelf life.
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important indices for judging maturity of some common vegetables are:

Crop Maturity indices

Potato, onion and garlic Tops begin to dry out and topple down

Tomato Development of jelly in the  locules and atleast attain mature green 

stage

bell pepper Well developed shining and green fruits

brinjal, cucumber, bitter 

gourd 

Tender fruit with desirable size having soft seeds (overmature if fruit 

is dull in colour and seedy)

Green onion Leaves at their longest and broadest 2 to 5 cm diameter 

Garden pea Well filled, green, tender pods that open easily

French bean, cow pea and 

other beans

Tender pods, desirable size, stringless (without fibre formation), 

seeds soft and snap easily

Okra Desirable fruit size (5-10 cm long) and tender. Tips of fruits can 

easily be snapped. 

Snake gourd and bottle gourd Desirable size and thumbnail can penetrate flesh readily (over mature 

if thumbnail cannot penetrate flesh easily)

Cauliflower Curd compact, well developed and atleast 15 cm in diameter

Cabbage Compact, well developed atleast 750-1000 g

broccoli Bud cluster compact, adequate diameter, all florets should be closed

brussels’ sprout Bud should be 2.5 to 5 cm in diameter

radish, turnip and carrot Large enough and crispy but should not be over mature (pithy)

Lettuce (head)

              (leaf)

Compact head, not too firm

Adequate leaf size

The Method of harvesting of different vegetables is as under:

beans: Pick beans two to three weeks after the plant blooms. Keep them moist and cool, but not cooler than 

40° F. Beans will spoil after about one week. Harvest before you can feel the outline of the individual beans. 

If left too long, shell the beans and discard the pod. 

Cucumbers: Pick cucumbers when they are six inches long. Keep them cool but not colder than 40° F. Do 

not store cucumbers with apples or tomatoes. Cucumbers will spoil after about one week. Harvest before the 

seeds inside swell. 
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brinjal: Pick brinjal when their colour is bright. Keep them cool but not cooler than 50° F. Eggplant will 

spoil after about one week. Harvest when the fruit is small and glossy. Once they loose their shine they are 

too old. 

Peas: Pick peas while the pods are still tender. Keep them cold and moist. Peas will spoil after about one 

week. Harvest before the individual peas begin to touch inside the pods. They become starchy and tasteless 

if left too long. 

Chilli: The picking of fruits depends upon the type and purpose for which they are grown

1. Green fruits: Fruits are harvested when they are still green but fully grown. It needs 5-6 pickings for 

harvesting the whole crop.

2. Pickles: The fruits are harvested either green or ripe.

3. Drying: Red fully ripe fruits are picked at an interval of 1-2 weeks and harvesting continues for a 

period of about three months. The ripe chillies are dried under sun for 8-15 days, while commercially 

it is dried at about 54.4° C in 2-3 days.

Capsicum: Fruits are usually harvested and sold when they are of suitable market size and are green, and 

are relatively firm and crisp. There is a limited demand for the mature red fruits. These are picked with an 

upward twist which leaves a piece of stem attached.

Tomatoes: Tomato fruits are picked at different maturity stages depending upon the purpose for which it is 

used and distance over which they are to be transported. Fully developed mature green fruits are harvested 

for long distance transportation. Such fruits ripen after reaching the market and develop good colour under 

favourable conditions. 

Fruits at turning stage (1/4th of the fruit especially at blossom end shows pink colour), pink stage (3/4th of the 

surface shows pink colour) and hard ripe stage (nearly all red or pink with firm flesh) are harvested for local 

market. Over ripe fruits (fully coloured and soft) are suitable for processing which ensure desired quality and 

red colour in processed products.

Cucurbits: Water melon is harvested at fully ripe stage. Maturity signs are withering of tendril, change in 

belly color or ground spot to yellow and the thumping test produce dull sound on maturity and metallic sound 

in unripe fruits.
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Harvest cucumber, bottle gourd, bitter gourd, snake gourd, ridge gourd and sponge gourd when they are still 

young, tender and have soft seeds inside. They should be harvested before fruit colour changes from green 

to yellow.

Summer squash should be picked when they are four to six inches long. Keep them cool. Summer squash 

will spoil after about one week. Most winter squash should be left on the vine until the bottom is a different 

colour from the top, and the skin is hard. 

Leafy vegetables: The leaves should be tender and succulent at the time of harvesting as hard leaves become 

bitter.

Okra: The tender, green and small (6-10 cm long) pods should be picked in the morning or evening. While 

picking okra, one should wear gloves or wash his hands thoroughly after picking in order to remove the 

irritating and stinging effect of the bristles of the fruits.

The table below showing different harvesting days after sowing in various vegetables:

S. No. Vegetable Days to harvest after sowing 

1. Brinjal 70-80 

2. Tomato 100-120 

3. Chilli 60-90 

4. Palak 25-30 

5. Spinach 25-30 

6. Okra 70-90 

7. Garden peas 70-120 

8. Beans 50-60 

9. Watermelon 60-90 

10. Muskmelon 60-90 

11. Cucumber 60-70 

12. Bitter gourd 60-80 

13. Sponge gourd 60-90 

14. Squash 90-120 

15. Pumpkin 60-90 
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In vegetables, harvesting method vary with plant parts harvested such as :

1. By hand: Leafy vegetable like spinach, palak, coriander and also lateral buds in Brussels’ sprout are 

snapped off by hand. Immature green onions are usually pulled from the soil by hand.

2. Sickle/knife: Above ground parts of cabbage, cauliflower, lettuce is cut with sickle or knife and trimming 

is done in the field.

3. Digging fork: Garlic, mature bulb onions, radish and carrot and potato are loosened by using a digging 

fork and lifted by hand. 

Follow instructions for each vegetable to store it in the right way. If the vegetable needs to be moist when 

stored, cover it with plastic with slits or holes. Or, if you have a humidifier in your cooler, set it to 95%. Take 

your crops to the market as soon as you can. Then they will be fresh, healthy, and colourful.

Precautions:

1. Harvest should be completed during the coolest time of the day, which is usually in the early morning, 

and produce should be kept shaded in the field. 

2. Crops destined for storage should be as free as possible from skin breaks, bruises, spots, rots, decay, and 

other deterioration. 

3. Use a clean, sharp knife to cut your vegetables from the plant. Use clean containers to put your crops 

in. 

4. Be gentle when you handle your crops so they don't bruise. Put a clean, dry cloth at the bottom of each 

container to protect the crops. 
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Exercise 17.2: Grading and packaging of vegetables.

ObjECTiVES

● To study the grading of various vegetables.

● To study the types of packaging for vegetables.

Delivery schedule: 01 period.

Student's expectations/learning objectives: 

● To learn various grading standards of vegetables. 

● To learn various packaging methods of vegetables. 

Pre-learning required: Basic knowledge of grading and packaging of vegetables.

Handouts/materials/equipments & tools required: Various types of vegetables, pen and notepad for 

recording observations.

introduction:  

Grading:

Grading of vegetable produce is one of the crucial factors in fetching remunerative prices to the producer-sellers. 

It is essential to grade the produce brought to the market on scientific lines in order to get remunerative prices. 

Grading not only promotes the international trade but also improves national credentials in the international 

market. It further saves time and energy of both the seller and buyer in the process of marketing.  

Immature, diseased, and badly bruished vegetables are sorted out before grading. Vegetables are graded 

based on size, weight, colour, and shape. The fruit vegetables such as bitter gourd, okra, bell pepper, brinjal, 

green chill, etc. graded on the basis of size into three grades as small, medium and large. The vegetables 

like tomato are graded on the basis of colour and size. Tomato fruits are graded into four groups based on 

its size e.g. Super A, Super, Fancy and Commercial. Similarly, potato tubers are graded into large, medium 

and small tuber sizes. Low grade produce can be utilized for making value added products like pickle or 

ketchup, sauce etc. In cauliflower, compact, medium sized and snow-white curds with small stalk are the 

best. Grading can be done by hand or machines such as screw grader and roller grader.
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Advantages of Grading:

1. Higher price of graded vegetables in market.

2. Heavy marketing cost in packing and transportation can be avoided by grading. 

3. In grading diseased and defected specimen are not damaged due to contact of diseased specimens and 

thus gets high price in market. 

4. Properly graded vegetables and fruits are purchased by the consumer easily without inspection.

Packaging:

Packaging is an important consideration in vegetable market. The use of properly designed containers for 

transporting and marketing of vegetables can significantly reduce their losses and maintain their freshness 

succulence and quality for longer period. Packaging also provides protection from mechanical damage 

and undesirable physiological changes and pathological deterioration during storage, transportation and 

marketing. 

Many vegetables are transported in gunny bags of bamboo baskets. Packaging material such as polythene 

films, paper boars, and boxes lived with polythene and other materials can effectively prolong the shelf 

life of vegetables. By using plastic films vegetables can be protected from dry air. Polythene packaging, 

provides modified atmosphere and consequently reduces decay, softening, and loss of solids. The thickness 

and permeability to CO2, O2 and water vapour of films needs to be standardized for each vegetable. Packaging 

of vegetables in perforated films significantly reduces weight and water loss in transportation. eg. Carrot. 

Modern packaging must comply with the following requirements:

a) The package must have sufficient mechanical strength to protect the contents during handling, transport, 

and stacking.

b) The packaging material must be free of chemical substances that could transfer to the produce and become 

toxic to man.

c) The package must meet handling and marketing requirements in terms of weight, size, and shape.

d) The package should allow rapid cooling of the contents. Furthermore, the permeability of plastic films to 

respiratory gases could also be important.

e) Mechanical strength of the package should be largely unaffected by moisture content (when wet) or high 

humidity conditions.
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f) The package must either exclude light or be transparent.

g) The package should be designed for ease of disposal, re-use, or recycling.

h) Cost of the package in relation to value and the extent of contents protection required should be as low as 

possible.

Classification of packaging:

Packages can be classified as follows:

● Flexible sacks; made of plastic jute, such as bags (small sacks) and nets (made of open mesh)

● Wooden crates

● Cartons (fibreboard boxes)

● Plastic crates

● Baskets made of woven strips of leaves, bamboo, plastic, etc.

Packaging materials for vegetables

Procedure/methodology: After bringing from the field, the first operation that usually follows is the removal 

of unmarketable material. This is performed prior to sizing and grading. After removal of the unmarketable 

products the grading is done. It consists of sorting product in grades or categories of quality like size, shape, 

colour, and firmness. Generally, produce is graded as A, B or C as per size, shape and colour. 

Packaging materials for vegetables
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The fruit vegetables such as bitter gourd, okra, bell pepper, brinjal, green chill, etc. also graded on the basis 

of size into three grades as small, medium and large. 

Exercise:  Collect few vegetables from field and categorize them in different grades and suggest the packaging 

materials which may be used for vegetable transportation:

S. No. Vegetables Grade Packaging material generally used

resource materials:

1. http://agmarknet.nic.in

2. Image sources: dir.indiamart.com, fao.org, trade.indiamart.com, www.21food.com, bansalindustries.

tradeindia.com, www.freshplaza.com



Olericulture-ii    Practical Manual 114

Practical-18 
Calculating Cost of Production of 

important Vegetable Crops

ExErCiSE 

18.1 Calculating cost of production of important vegetable crops

ObjECTiVE

● To calculate cost of production of important vegetable crops

Delivery schedule: 01 period.

Student's expectations/learning objectives:

● To learn about cost of production of important vegetable crops.

● To know the cost benefit ratio for vegetable crops.

Pre-learning required: Economics of vegetable production  

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instructions and 

calculation.

introduction

Most vegetables crops are of short duration and fit well into many remunerative crop rotation and cropping 

patterns like intercropping, multiple cropping and companion cropping.  All the efforts to produce a particular 

crop will go waste if economics to cultivate is not taken care of. Various aspects like cost of seed and 

other inputs, labour involved in performing different field operations, harvesting, post harvest handling and 

marketing are to be taken care of in producing a particular commodity. The present chapter will make the 

students familiar regarding various steps involved in calculating cost of cultivation of various temperate 

vegetable crops so as to make the vegetable cultivation a success.
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These are the following components for calculating cost of cultivation of vegetable crops per hectare.

i. Variable Cost

1. Nursery management 

2. Land preparation 

a) Ploughing

b) Harrowing

c) Preparation of beds and channels

3. Transplanting

4. Manures and fertilizers application

5. Interculture operations 

6. Irrigation

7. Plant protection

8. Harvesting

a) Picking

b) Grading

c) Packing

d) Transportation

9. Seed

10.  Manures and  fertilizers

11. Plant Protection

12. Miscellaneous

13. Interest  on   working capital

ii. Fixed Cost

Land revenue, Rental value of land, Management cost, Risk margin, Depreciation cost, Plough, Harrow, 

Ridges, Buckets, Pump, Sprayer, Total Fixed Capital, Interest on Fixed Capital.

Therefore, 

1. Total cost of cultivation = Total variable cost + Total fixed cost 

2. Total income = Yield (kg) × Market price of the produce (Rs./kg)
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3. Net Profit = Total Income - Total cost of cultivation

4. Benefit cost Ratio =  Cost of total benefit
Cost of production

ExAMPLE

CAbbAGE

S. No. Particulars Cost (rs)

1. (A) Cost of variable Resources:

 1. Seed cost for 500 g @ Rs 4000/kg 

 2. Fertilizers cost: 

a. FYM 15000kg @ Rs 0.5/kg

b. Urea 2.71q @ Rs 482/q

c. SSP  8.43q @ Rs 630/q

d. MOP  2.25q @ Rs 445/q

3. Plant protection cost:

(a) pesticides/insecticides:

 Malathion 500ml @Rs 80/250 ml

 Metasystox 1L@450Rs./L 

(b) Fungicide:

 Dithane M-45 500g @ Rs 180/500g

 Bavistin 200g @ Rs 60/100g

 Blitox 500g @ 190Rs/500g

4. Labour cost:

(a) Seed treatment

(b) Land preparation

 (b1) Ploughing

 (b2) Planting

 (b3) Preparation of ridges and furrows

(c) Manures and Fertilizers application

(d) Intercultural operations

(e) Irrigation 

(f) Plant protection

(g) Harvesting

(h) Transportation

(i) Packing/electricity charges

2000

7500

1306

5310

1023

160

450  

180

120

190

500

750

750

1000

500

1000

1000

1000

3000

1500 

1000
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(j) Nursery cost

5. Bullock/Tractor cost

 

      TOTAL COST

6. Miscellaneous(2% of total cost)

7. Interest on working capital (5%)

        Total Variable cost

B) Fixed Cost 

1. Land Ravenue (Rs 12./ha)

2. Rental Value of Land

3. Depriciation

 No Junk Value

 With Junk Value

4. Management Cost (5% of working capital)

5. Interest on Fixed Capital (5%)

  

TOTAL FIXED COST

Cost of  Cultivation = Total Fixed Cost +Total Variable

          Cost = 3500 + 33424

Average Yield of Cabbage

Sale Rate (Rs /kg)

Total Income/Cost of production/ha

      Net Return            = Total Income - Cost of  cultivation

                                    = 150000 – 36924  =

     Benefit Cost Ratio =

     NET RETURN/ COST OF CULTIVATION   

                                                  =  113076/ 36924

1000

1000

31239

624

1561

33424

12

1000

100

180

2000

165

3500

36924

250q/ha

6

1,50,000

113076

3.06:1

Suggested readings: 

1. Chauhan D V S. 1986.Vegetable Production n India.Ram Prasad and Sons.Agra.352p.

2. Choudhury B. 1967. Vegetables.National Book Trust, India.195p. 

3. Fageria M S, Chaudhury B R and Dhaka R S. 2003. Vegetable Crops Production Technology. Kalyani 

Publishers, New Delhi. 283p.
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Practical-19
Visit to Vegetable based industry

ExErCiSE 

19.1 Visit to vegetable based industry.

ObjECTiVE

● To get an idea about vegetable based industries.

Delivery schedule: 01 session.

Student's expectations/learning objectives: 

● Recall about post harvest handling, processing and preservation of vegetables;

● Learn about different value added product of vegetables;

Pre-learning required: Post harvest management of vegetables

Handouts/materials/equipments & tools required: Paper sheet and pen to note down the instruction and 

observations.

Procedure/methodology:

Plan a visit to industry where vegetables are processed and vegetable based products are made and collect 

information about methodology and products. Record the following informations

1. Name of the industry. 

2. Location and accessibility. 

3. What are the major products being produced.

4. Note down various steps involved in the production and make a flow chart.

5. Note down the ingredients used in the production of processed product.

HHH
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