
Lecture -1

Introduction and Importance of Hi-tech Horticulture



High Tech Horticulture

 Term hi-tech horticulture refers to the precise production techniques for efficient 

use of inputs at the appropriate time and quantity for maximization of yield and 

quality in different horticultural crops. 

 It is an adoption of any technology which is modern, less environment-dependent, 

capital intensive and has the capacity to improve productivity and quality of 

horticultural crops.

 Hi-tech horticulture has also been defined as a modern environment-friendly, 

acceptable, intensive technique to capacitate farmers for obtaining high 

productivity and quality products to fetch more money. 



Why Hi-tech horticulture

1. Shrinkage of cultivated land.

2. Limited land and water resources

3. Small and marginal land holdings.

4. Urbanization and industrialization

5. Scarcity of manpower

6. Perishable nature of fruit, vegetables, flower and other fresh product.



Special Feature of Technology:

 High-tech horticulture mainly refers to operations involving the latest

technologies.

 It is a capital intensive technology since large capital outlay is required towards

purchase of specialized equipment, maintenance of assets, training of labour, etc.

 Hi-tech horticulture mainly relates to commercial farming system catering to the

needs of both, domestic as well as export markets.

 It uses farming technology to increase yields, ensures high quality (usually

pesticide-free) and realizes increased market value.



Advantages of High-tech Horticulture:

Better growth and uniformity in quality

 Increase in yield through high productivity per unit area

Significant saving in key inputs like water, fertilizers and
pesticides.

 Feasible even in undulating terrains, saline, water logged, sandy and hilly lands

Potential areas for Hi-tech Horticulture:

 Urban and semi-urban areas to meet requirements of fresh  produce like fruits, 

vegetables and flowers round the year

 Areas with limited land and water resources

 Areas where availability of land for cultivation is restricted  because of snowfall 

and where low temperature is prevalent  restricting cultivation of crops under open 

field conditions.

 Small and marginal land holdings for adopting intensive  production technologies

 As an agri-business enterprise for enterprising youth in rural  and urban 

peripherals



Hi-tech Horticultural Practices:

1. Greenhouse/Protected Cultivation

2. Precision Farming

3. Green Food/Organic Farming

4. High Density Planting

5. Biological control

6. Production of High Value Crops

7. Micro propagation

8. Micro irrigation

9. Hydroponics

10. Aeroponics

11. Plasticulture

12. Mulching

13. Use of biofertilizers

14. Integrated Pest Management (IPM)

15. Integrated Nutrient management (INM)

16. Food Processing

17. Mechanization of Horticulture

18. Genetic engineering

19. Remote sensing

20. Cold storage/Cool chain



1. Greenhouse/Protected Cultivation:

It is the production of horticultural produce in poly-house or glass house or
such other structures under controlled environmental conditions. Greenhouse
cultivation or protected cultivation is now quite popular among progressive
horticultural producers. This hi-tech horticulture technology offers several
advantages over traditional production system such as in greenhouse cultivation,
horticultural produce mainly fruits, vegetables and flowers can be produced even
during their off- seasons.

Advantages:
 Production of off season vegetable crops Viz; Sweet pepper,  

cauliflower, cabbage, tomato, cucumber etc.

 Production of off-season flowers viz; Rose, carnation, ileum, gerbera, cut flowrs .

 Raising of seedlings early in the season and through out the year.

 Primary and secondary hardening of tissue cultured plant.

 Growth /Production of rare plants, orchids/herbs, medicinal plants.

 Production of quality planting material through out the year.



2. Precision Agriculture/Horticulture:

 Precision farming is an approach to farm management that uses information
technology (IT) to ensure that the crops and soil receive exactly what they need for
optimum health and productivity.

 It relies upon specialized equipment, software and IT services. The data on the
conditions of the crops, soil and ambient air, along with other relevant information
such as local weather predictions, labor costs and equipment are made availability.

 Based on the available information about crop rotation, optimal planting times,
harvesting times and soil management predictions are made.

 Sensors in fields measure the moisture content and temperature of the soil

and surrounding air.

 Information from those images/sensor data can be processed and integrated for
immediate and future decisions more precisely what fields to water and when or
where to plant a particular crop.

Importance:

 Optimum use of resources (seed, fertilizer, pesticides, fuel,...)

 Proper use of machine and work hours

 Improvement of crop yield and crop quality

 Minimum environmental impact

 Complete documentation of the production process



3. Green Food Production/Organic Farming:

 Organic production is a system which avoids or largely excludes the use of synthetic inputs (such as
fertilizers, pesticides, hormones etc) and to the maximum extent rely upon crop rotations, crop residues,
animal manures, off-farm organic waste, mineral grade rock mixture and biological system of nutrient
mobilization and plant protection.

 It is social, profit oriented and the entire system i.e., plants, animal, soil, water and micro-organism are
to be protected. It provides a real opportunity for production; expend the market worldwide, since the
organically produced have great demand in Indian and foreign market.

 Organic production increases the opportunity of direct sale of produce in the farmers markets, farm shops
etc., since the people are now keen to purchase organically produced due to its higher prices..

 Principally, animal manures, compost, green manures, vermi-composting, bio-fertilizers, mixed organic
fertilizers are used in organic farming. Nitrogen is provided by legume crops having nitrogen fixing
symbiotic bacteria.

 Enrichment of phosphorus in soil is done by incorporation of rock-phosphate, VAM (Vesicular-
Arbuscular Mycorrhiza) and VAM treated compost. Potassium is provided by wood ash, sea weeds,
and tobacco stem; used alone or in combination with others.

Objectives

 To produce healthy, nutritious and quality produce

 To maintain and enhance long-term fertility of soils.

 To encourage biological cycles involving microorganisms, soil flora and fauna, plants and animals.

 To help in orchard soil and water conservation.

 To minimize all forms of pollution that may result from various orchard management practices.

 To use on farm resources in the orchard as far as possible.

 To preserve and enhance traditional and indigenous knowledge including the varieties.



4. High Density Planting:

 High density planting technique is a modern method of fruit cultivation involving

planting of trees densely, allowing small or dwarf trees with modified canopy for

better light interception and distribution and ease of mechanized field operations.

 Control of pests and diseases, weeds and pruning of tree canopy can be

carried out by machine.

 Irrigation and fertigation are automatically controlled.

 Such system produces precocious cropping, high and regular yields of good quality

fruits and low labour requirement to meet ever rising production costs.

Thus in HDP;

– Commercial bearing starts early

– Easy to manage due to small tree size

– Requires less labour

– Lower cost of production

– High quality fruit with good colour development

– Better utilization of Solar radiation and Increased Photosynthetic efficiency

– Higher income



5. Biological Control:

 Biological control can be defined as the use of living organisms to bring down the

population of a pest (insect-pest, disease, weed etc). When we use natural enemies

to control the pest populations, we refer the natural enemies as "biological control

agents," or sometimes "bio control agents."

 Thus, biological control involves using living organisms, such as insects,

pathogens, or grazing animals, to suppress a pest infestation.

 This methods generally suppress pest populations, but may not control or

eradicate them.

 Therefore, biological control could be more accurately called "biological

supression,” i.e. reducing the population of the target pest to an acceptable level.



6. Production of High Value Crops (HVC):

 High Value Crops are those, which give significantly higher value or net income per

unit of resources used for production.

 Diversification towards high-value crops such as fruits, vegetables, especially in a

country like India, where demand for high-value food products has been increasing

faster than for staple crops, has proven to increase income level of farmers.

Some of the important activities under HVC are;

 Fruit and vegetable cultivation especially catering to urban and metro markets

 Cultivation of off-season and exotic vegetables under greenhouse for exports

(asparagus, celery, bell pepper, sweet corn, green and lima beans)

 Floriculture- open and greenhouse production for domestic and export markets

 Exclusive production of crops for processing to user industry under contract farming 

arrangements.

 Mushroom cultivation

 Hi tech nursery units for fruit crops, vegetables, flowers, etc.



7. Micropropagation:

Micropropagation refers to the in vitro multiplication and/or regeneration of

planting material under aseptic and controlled environmental conditions to produce

thousands or millions of plants for transfer to the field.

Advantages of Micro-propagation:

 Plant tissue in small amounts is sufficient for the production of millions of 

clones

 Plants in large numbers can be produced in a short period

 Large amounts of plants can be maintained in small spaces.

 This helps to save endangered species and the storage of germplasm.

 The micro-propagation method produces plants free of diseases.

 Proliferation of in vitro stocks can be done at any time of the year.

 Seedless varieties can be propagate



8. Micro-irrigation:

(i) Drip Irrigation:

 Drip irrigation is a type of drop by drop and slowly into the roots of plants, Viz; fruit 

trees, vegetables, plantation crops etc.

 The irrigation comes from above the soil surface or buried below. The goal is to

water directly into the root zone and minimize as much evaporation as possible.

 Drip irrigation systems distribute water through a network of pipes, tubing, and 

emitters.

 It can be more efficient than other types of irrigation systems such as sprinkler or 

surface irrigation.

(ii) Sprinkler Irrigation:

 Sprinkler Irrigation is a method of applying irrigation water which is similar to 

rainfall. Water is distributed through a system of pipes usually by pumping.

 It is then sprayed into the air and irrigate entire soil surface through spray heads, so

that it breaks up into small water drops which fall to the ground.

 Sprinklers provide efficient coverage for small to large areas and are suitable for use 

to nearly all soils since sprinklers are available in a wide range of discharge capacity.



9. Hydroponics (Soil-less Culture):

 Hydroponics, another hi-tech horticulture technology offers great scope for
horticultural producers worldwide. Hydroponics is also known as soil-less culture,
where the plants are grown in nutrient solution, without using the standard soil
medium.

 It is a method of growing plant without soil instead using mineral nutrients

in water solutions.

 It utilizes a closed-loop and flow system where water with nutrients floods the

beds and then is recycled through a reservoir and reused.

 The concept behind hydroponics is to eradicate the barriers that exist between the
roots, water, nutrients and oxygen for proper growth.

 Hydroponically culture is mainly demonstrated in tomatoes, pepper, cucumber and

lettuces etc.



Advantages of hydroponics

 Space efficiency-with vertical hydroponics, many plants can be grown above and below 
each other. This allows for more plants in a smaller area. Additionally, as nutrient solutions 
can be tailored to the plants being grown and the system in which they are grown, plants 
can often be grown closer together in hydroponic systems.

 Variety of environments - Hydroponic systems are typically set up indoors, they usually use 
artificial light and are often climate controlled. Growing plants in a traditional manner 
makes it necessary to consider the season and growing zone, but hydroponics eliminates 
this need.

 Weeds - With their typical indoor setting, most hydroponic plants are not exposed to many 
of the weeds that compete with traditional plants. 

 Pests - Plants grown indoors are not exposed to many of the outdoor pests that plague 
traditional farming. Because hydroponic plants aren’t grown in soil, soil-dwelling pests that 
may damage plant roots are not a problem, and fewer pests mean fewer pesticides need to 
be applied.

 Water conservation - Unlike traditionally grown plants where much of the water naturally 
drains into the soil and is lost to the environment, many hydroponic systems reuse water as 
nutrient solutions are cycled.



 Disease - Hydroponically grown plants typically have less problems with disease than plants 
grown in the soil. Many plant diseases begin in the soil due to microorganisms that occur 
there. Plants grown in hydroponic systems lack exposure to these microorganisms and 
therefore have lower disease rates.  

 Pollution - In traditional farming and gardening, water runoff carrying fertilizers, pesticides, 
and other chemicals can cause pollution in natural bodies of water. In hydroponics, there is 
no water runoff so there is less risk of pollution.

Disadvantages of hydroponics
 Cost - In many cases, the initial hydroponics investment can be costly. Growing 

containers, appropriate lighting, pumps, solutions, and other materials must be 
purchased.

 Power outages - Because many hydroponic systems rely on pumps and artificial lighting, 
power outages can cause problems. Plants may need to be watered by hand if the pumps 
are not functional.

 Technical knowledge - Hydroponic systems may require technical knowledge in addition 
to basic gardening knowledge. This is especially true if you’re creating a more advanced 
system, which may require some knowledge of engineering. Also, if you’re not using a 
premade nutrient solution, you might need to know certain chemistry and biology 
principles.

 Maintenance - Some hydroponic systems may require a good amount of time for regular 
maintenance. Cleaning the tanks and mixing solutions could be time consuming.



10. Aeroponics:

 Using this method means you can grow vertically as well as horizontally, so it can be a great

way of saving space.

 With aeroponics, plants are put into special frames or horizontal boards, in such a way that

both the top of the plant (the crown) and the bottom of the plant (the roots) are suspended in

the air. In this way the crown can grow upward and the roots downward without needing

any soil at all.

 The growers feed the plants by spraying them on a regular basis with a fine mist of a

nutrient-rich solution.

 As the whole system is enclosed, we save water because the nutrient mix is fully recycled

within the aeroponics systems design.

 Aeroponics is the process of growing plants in an 
air or mist  environment without the use of soil or 
an aggregate medium. Unlike  hydroponics, which 
uses a liquid nutrient solution as a growing  
medium and essential minerals to sustain plant 
growth, aeroponics is  conducted without a 
growing medium.



11. Plasticulture/Use of Plastic:

 The practice of using plastics for commercial horticultural production is termed as

‘Plasticulture’.

 Various applications of plastics in horticulture include Protected Cultivation
(Greenhouse structures; high and low cost tunnels etc); Plastic Mulching, Plastic
Lining, Polybags, Pots etc.

 Plasticulture improves the economic efficiency of production systems and helps in
efficient water and energy management. It reduces temperature and moisture
fluctuations and also helps in controlling pest and disease infestations.

 Plasticulture plays a dominant role in precise irrigation (Drip and fertigation)

and nutrient applications by reducing wastage of water, nutrients and by reducing

soil erosion.

 Use of plastics has proved beneficial to promote the judicious utilization of natural

resources like soil, water, sunlight and temperature.



12. Mulching:
The process of covering the open surface of the ground by a layer of some external material is

called mulching and the material used for covering is called as ‘Mulch.’ Mulching is usually practiced in

field crops, fruit trees, vegetables, flowers, nursery saplings, etc. With this, the overall yield is sometimes

doubled when mulching is done on vegetable, flower or fruiting crops.

(i) Plastic mulch:

A thin layer of polyethene is used to cover up the soil. Plastic mulch is widely used by commercial

farmers in greenhouse, floriculture, vegetable and for fruit crops like strawberry, watermelon, tomato,

sweet pepper etc

(ii) Organic mulch:

 Any decomposable organic material that can be used to cover the soil is organic mulch.

 Organic mulching has an added advantage of increasing humus content of soil, improving soil fertility.

 Examples of organic mulch: Dry leaves, grass, paddy straw, sugarcane molasses, green manures, gunny

bags, coconut leaves, peanut shells, etc.

Benefits of Mulching:

 Mulching helps to retain soil moisture, so less amount of water is required during irrigation.

 Mulching helps to regulate soil temperature, which is beneficial for proper root growth.

 Mulching also protect soil from erosion, heavy winds, intense sunlight and overall weathering.

 Mulching arrests the growth of harmful weeds by not allowing their seeds to germinate.

 Due to the absence of weeds, main crops are less likely to get infected by pests and diseases.

 If mulch is organic, such as decaying leaves, bark or compost; it adds to the humus content of soil

 Due to mulching, soil micro-flora is activated and beneficial micro-organisms start growing in the soil.



13. Use of Bio fertilizers:

 A bio-fertilizer is a substance which contains living micro- organisms which,

when applied to seeds, plant surfaces, or soil, colonize the rhizosphere or the

interior of the plant and promotes growth by increasing the supply or availability

of primary nutrients to the host plan.

 Bio-fertilizers add nutrients through the natural processes of nitrogen

fixation, solubilising phosphorus, and stimulating plant growth through the

synthesis of growth-promoting substances.

 The microorganisms in bio-fertilizers restore the soil's natural nutrient cycle
and build soil organic matter.

 Bio-fertilizers can be expected to reduce the use of synthetic fertilizer and
pesticides but they are not yet able to replace their use.

 Since they play several roles, a preferred scientific term for such beneficial
bacteria is “plant growth promoting rhizobacteria" (PGPR).



14. Integrated Nutrient Management (INM):

 It refers to maintenance of soil fertility and plant nutrient supply to an optimum

level for sustaining the desired crop productivity through optimization of the

benefits from all possible sources of plant nutrients in an integrated manner.

 Integrated Nutrient Management has become one of the common practices

among progressive horticulture farmers today.

 The important aspect of INM is the enhancing of the Fertilizer Use Efficiency

(FUE) by proper placement of fertilizer in close proximity to the rhizosphere of the

highest root activity.

15. Integrated Pest Management (IPM):

 Integrated Pest Management means judicious use of cultural,  

biological and chemical control of pests and diseases.

 It has become a widely adopted Hi-tech horticulture practice

now.

 In horticultural production it is one of the key requirements for promoting

sustainable agriculture.



16. Horticulture Food Processing:

 Spoilage of fresh fruits and vegetables due to their short shelf life and subsequent
wastage of their large quantities is a major issue. Thus horticulture food
processing forms a major per cent of the entire food processing industry.

 Fruit and vegetable processing holds the key to curtail food wastage down to the
possible minimum level.

 Another major advantage of horticulture food processing is its value-addition.

 Horticulture foods like fruits and vegetables are processed into various value-
added products such as pickles, jams, squashes, concentrates, marmalade, fruit
mixes, canned vegetables, and canned fruits for long- term consumption.



17. Mechanization of Agriculture/Horticulture:

 It includes the adoption of mechanisation in Indian agriculture/horticulture for
sowing, transplanting, weeding, spraying, grafting and budding, training, pruning,
harvesting, post harvest management, marketing etc to enhance the production,
productivity and quality of horticulture produce.

 The modern day horticultural mechanization includes various growing techniques
and production processes, working operations, technical procedures, appropriate
techniques for soil management systems, orchard tractors and machines for
working the soil, machines for mulching and mowing grass, hole diggers, sprayers,
knife trimmers, harvesting machines, transporting equipment, shakers, harvesters,
grafting and budding machines etc.



18. Genetic Engineering:

 Genetic engineering is the artificial manipulation or alteration of genes. It
involves removing a particular gene (target gene) from one organism and inserting
that into DNA of another organism. So just a ‘cut and paste’process.

 The altered DNA is called recombinant DNA, and the organism is called
Genetically Modified Organism (GMO), which have the altered DNA.

 Genetic engineering allows DNA from different species to be joined together.

 This often results in combinations of DNA that would never be possible in nature,

otherwise. For this reason genetic engineering is not a natural process.

 Thus, the genetic engineering breaks the species barrier

 If DNA is transferred from one species to another the organism that receives

the DNA is said to be transgenic.

 Examples of cross-species transfer of genes:

– a human gene inserted into a bacterium

– a human gene inserted into another animal

– a bacterial gene placed in a plant



19. Remote Sensing:

 Remote sensing (RS) is an advanced tool that aids in gathering and updating

information to develop scientific management plans. RS provides electromagnetic

information about the Earth's surface and atmosphere.

 For better management of the existing crops and to bring more area under

horticulture crops, updated and accurate database is necessary for systematic

planning and decision making.

 Many types of sensors collect electromagnetic information to derive accurate,

large-scale information about the Earth's surface and atmosphere.

 Identification of crop, crop area estimation, disease and pest identification, etc.

using satellite data in horticulture can be used by RS.

 It can be exploited for efficient site management and precision  

horticulture.

 RS can be used for crop, crop area, biomass and yield estimation.

 RS can be exploited for soil and nutrient management.

 RS can be exploited for assessing damage by biotic and a biotic

stress.



20. Cold Storage/Cool Chain:

The cold chain involves the transportation of temperature- sensitive products

along a supply chain through thermal and refrigerated packaging methods and the

logistic planning to protect the integrity of these shipments. There are several

means in which cold chain products can be transported, including refrigerated

trucks and railcars, refrigerated cargo ships, as well as by air cargo.

The main elements of a cold chain involve;

 Cooling systems. Bringing commodities such as food to the appropriate

temperature for processing, storage, and transportation.

 Cold storage. Providing facilities for the storage of goods over a period of time,

either waiting to be ship to a distant market, at an intermediary location for

processing and distribution, and close to the market for distribution.

 Cold transport. Having conveyances available to move goods while maintaining

stable temperature and humidity conditions as well as protecting their integrity.

 Cold processing and distribution. Providing facilities for the transformation and

processing of goods as well as ensuring sanitary conditions. Consolidating and

deconsolidating loads (crates, boxes, pallets) for distribution.



Topic: Nursery Management and Mechanization



What is Nursery

• A nursery is a managed site, designed to produce seedlings grown 
under favourable conditions until they are ready for planting

• A nursery is a place where plants are grown, nurtured and sold out. 



 Seedlings and grafts are produced in nursery from which the fruit orchards and ornamental gardens can 
be established with minimum care, cost and maintenance.

 The nursery planting materials are available at the beginning of the planting season. This saves the time, 
money and efforts of the farmers to raise seedlings.

 It assures the production of genetically improved quality planting material.

 Better care of younger plants as it is easy to look after nursery in small area against pathogenic infection, 
pests and weeds.

 As vegetable seeds are very expensive particularly hybrids, so we can economize the seed by sowing 
them in nursery.

 They are an important source supplying the seedlings for meeting the fruit, pulp and paper, fuel wood, 
timber and other demands of the industries.

 Nursery provides employment opportunities for technical, skilled, semi-skilled, and unskilled labor. There 
is a huge demand of skilled professionals for grafting, budding, potting, repotting and other nursery 
operations.  Nursery can itself be a very remunerative enterprise in the changing national scenario. 

Importance of Nursery



Nursery Management



The main phases of nursery management are:
i. Planning



ii. Implementation – land treatment, protection against biotic 
interference and soil erosion, proper layout, input supply.

iii. Monitoring and evaluation – physical presence, rapid response, 
critical analysis, incentive to workers

iv. Feed back for further refinement



Types of Nurseries According to Type of Plants Grown

1. Fruit Plants Nursery: Fruit crops are mainly propagated vegetatively and need special techniques for 
propagations as well as maintenance. Fruit nurseries are essential for production of grafts as well as the 
mother plants of scions and rootstocks. 

2. Vegetable Nurseries: All vegetables except few like potatoes, sweet potato, bulbous vegetables and some 
other are raised by seedlings. 

3. Ornamental Nurseries

4. Medicinal and Aromatic Plants Nurseries

5. Forest Plant Nurseries



Flower  nursery 



Eucalyptus nursery



Apple nursery Chilli nursery



1. Retail Nurseries: Retail nurseries raise plants for sale to the general public. These places are small, locally owned 
nurseries that sell seasonal, annuals, ornamental trees, other landscaping plants and garden decoration to the general 
public or companies that specialize in a particular type of plant, such as tropical plants, citrus trees, bulbs or roses.  

2.  Wholesale Nurseries: Wholesale nurseries usually grow plants in bulk for the purpose of selling to large clients. These 
clients may include florists, garden centers or departmental stores. A wholesale nursery may fill a niche for particular types 
of plants, such as vegetables or houseplants, or they may grow a general selection of plants to sell such as fruits, 
vegetables and landscaping plants. 

3.  Private Nurseries: A private nursery grows plants exclusively for a single client. The private nursery may be owned by 
the client or it may be under contract for use by the client. Clients for private nurseries include large estates, corporations 
and institutions. These nurseries are concerned with raising documented historical plants for the historic preservation of 
the estates. 

4. Mail Order: Privately owned, retail and wholesale businesses may all be involved in mail order businesses. As shipping 
technology improved, it became possible to ship dormant ornamental trees and bedding plants via mail. The internet has 
largely shifted mail order from catalog to online shopping. Bedding plants may be shipped via postal carrier, but are 
primarily handled through third-party shipping agents. 

Types of Nurseries According to the Type of Sale 



 There is sudden increase in the demand for certain commercial plants. For example Tissue cultured banana, 
gerbera and carnation etc. It is not possible to fulfill this requirement by ordinary or common nursery 
practices. There is necessity to have special techniques and methods to meet the demand and only Hi-tech 
nurseries can satisfy this type of demand.  

 These nurseries grow plants in greenhouse, building of glass or a plastic tunnel, designed to protect young 
plants from harsh weather, while allowing access to light and ventilation. Modern greenhouses allow 
automated control of temperature, ventilation, light, watering and feeding. Some also have fold-back roofs 
to allow "hardening-off" of plants without the need for manual transfer of plants to the outdoor beds. 

Hi-tech Nurseries: 



Hi- tech nursery management

1. Propagating Structures for Nursery : In order to get better results different propagating structures are used for plant 
propagation. The important structures are Green houses, Poly houses, Shadenet houses, Poly tunnels, mist propagation 
units. 

2. New techniques of plant propagation /Tissue culture eg. Banana 
3. Timely availability of all inputs : Timely availability of propagation media, fertilizers, pesticides, weedicides, plastic, sutali

etc.
4. Use of Micro irrigation system with fertigation 
5. Proper nutrition
6. Weed control 
7. Use of plant growth regulators 
8. Use of plastic mulch/Use of plastic for germination of seed eg. Guava 
9. Frequent inspection for disease, pest and timely control measures. 
10. Use of Bio pesticides/Bio fertilizers/Bio agents 
11. Soil Sterilization 
12. Mechanization: Use of controlled irrigation, Fertigation, Soil sterilization unit, media sever, media mixer, Trays/pots/ bags

filling machines, Grafting machines.



Green house : It is structure constructed of plastic, poly ethylene and 

fibre glasss having temperature  control and ample light availability 
needed for propagating plants by seed, cutting and grafting 



Lath houses:

 Lath (lath - thin strip of wood) or shade houses provide 
outdoor shade and protect container-grown plants from 
high summer temperature and high light irradiation. 

 They reduce moisture stress and reduce the moisture 
requirement of plants. 

 Lath houses have many uses in propagation, particularly in 
conjunction with the hardening off and acclimatization of 
liner plants prior to transplanting and for maintenance of 
shade requiring plants. 



Net house:  suitable for propagation of shade loving plants like orchids  , 

pansy , gerbera etc. It provides necessary ventilation and maintains an ideal 
temperature for germination of seeds and subsequent growth of the 
seedlings.



Hot bed : It is used for growing small tender seedling and 
rooting of cutting. A hotbed is a bed of soil enclosed in a 
glass or plastic frame. It is heated by manure, electricity, 
steam, or hot-water pipes. Hotbeds are used for forcing 
plants or for raising early seedlings.  

Cold frame : It is used for hardening of rooted cutting Cold 
frames utilizes only heat of sun retained by the transparent 
covering, when we place tender plants in cold frames, initially 
the covering is generally kept closed tightly to maintain high 
humidity.



Mist propagation chamber is a unit where artificial relative humidity is maintained more 
than 90% by spraying water with pressure.
 Special nozzles those can produce very fine mist are used in this technique.
It helps in reducing the loss of plant moisture and helpful for rooting of cuttings and 
hardening of  tissue cultural plants 

Mist chamber



 Nursery can be a profitable venture only when it is thoroughly planned. 

 Nursery depends on its physical resources as well as the financial resources. 

 The physical resources include, land, water, labour and other supporting items such as transport, market 
communication facilities and availability of required technical know how. 

 Second resource is finance. The capital requirement of a nursery should be fulfilled sufficiently and timely. 
There are several sources for finance, like, the banks, co-operative societies, personal loans, Govt. subsidies 
etc. It must be remembered that none of the above suffice 100 per cent requirement. Even though the 
budgets are planned, it takes much time to get the money in hand. It is therefore very essential to know 
these two aspects thoroughly. 

Physical and Financial Resources for Nursery



Physical Resources for Nursery 

1. Land:   Basic and fundamental physical resource for plant nursery. The area available must be considered before 
planning the nursery and the products. 

 Soil sample testing should be done to avoid problematic and unmanageable soils. Soil should be well drained, porous 
and light to medium in texture. 

 Soil pH should be 6.0 – 7.5. Heavy, black cotton soil, sandy, ill drained and soils having high pH more than 8 are strictly 
avoided. 

 Low lying land should not be selected. The soils should be free from salts and other harmful elements. 
 The selected site should be close to railway station or bus station. 
 Wind breaks and shelter belts should be raised prior to planting nursery plants.   

2. Irrigation Facilities:  Required land with sufficient and assured supply of irrigation is the most important basic resource. 
Quality of irrigation water should be at prescribed level. Harmful factors can be tested by water testing in laboratory. The 
pH and electrical conductivity (EC) of irrigation water should be tested. 

3. Labour:   Labour is another important resource.  Degree of mechanization must be considered before estimating the 
labor requirement. Skilled as well as unskilled man power is necessary for grafting, budding, weeding, irrigation, spraying, 
dusting, training, pruning, etc. Technically sound gardeners are also necessary. Labour should be available at reasonable 
rates. 



4. Electricity:  Regular supply of electricity is very essential. Electricity is required for water pumps, spraying, dusting and 
many other operations. 

5. Road and Transport  : Once the nursery stock is ready for sale, there should be good roads and transport facilities. These 
facilities are also required for timely importing of stock and other material for the nursery. 

6. Mother Plants:   Mother plants are the most important factor for successful nursery. Separate planting of mother plants 
is necessary. Different varieties of mother plants are planted in different plots. Pests and diseases are controlled 
regularly by spraying pesticides and fungicides. Mother plants should be authentic and selected from Government 
nurseries or from Agricultural Universities. Mother plants should be selected very carefully as the sale of the nursery 
stock depends on the mother plants used for the propagation. 

7. Propagation Structures:  Propagation structures are very essential for production of grafts or seedlings. They are useful 
for multiplication of grafts and seedlings. Hardening of plants is done with the help of propagation structures. 

8. Fencing:  Hedges like golden duranta (thorny shrub), and agave are used as hedges in nurseries. Barbed wire fencing is 
also used. Hedges protect the nursery plants from wild and stray animals, theft, etc. They fix the borders of the nursery and
are ornamental and decorative. 



9. Space for Hardening of Nursery Plants:  

 Small shade net houses are required for hardening of nursery plants. Young, pampered seedlings that were 
grown either indoors or in a greenhouse will need a period to adjust and acclimatize to outdoor conditions, 
prior to planting. This transition period is called "hardening off". 

 Hardening off gradually exposes the tender plants to wind, sun and rain and toughens them up by thickening 
the cuticle on the leaves so that the leaves lose less water. 

 This helps prevent transplant shock in which the seedlings have a stunted growth or they die from sudden 
changes in temperature.

 Hardenings off time depend on the type of plants grown and the temperature fluctuations.  

10.Store and Office:    

 Garden tools, implements, raw materials, insecticides, fungicides, manures, fertilizers, boards, polythene bags 
etc are stored in store house. 

 An ideal nursery has at least one well managed office for keeping all registers, notebooks, information books 
and for instructing the team. The record of mother plants, progeny, Stock of plants, etc is preserved in office.



1. Bank Loans:    Terms and conditions differ from bank to bank, state to state. 

2. Financial Resources from Government:  National Horticulture Mission (NHM) started in 2005 in India with an 
objective to establish ideal nurseries for production of genetically pure plant materials. Nurseries in the public 
sectors (on government establishments) are entitled to get 100 per cent subsidies on expenditure.  The 
nurseries in the private sector get a subsidy of 50 per cent on their expenditures. There are two types of 
nurseries based on their sizes.  Big nurseries are those with size of 1 hectare area.  Such nurseries are entitled 
to receive financial assistance up to 30 Lakh as subsidy.  The small nurseries with size of 1 Acre are entitled for 
a subsidy up to 18 Lakhs.  The subsidies are given as per the bank loans sanctioned.   

3. Financial Resources from Private Sector: There are various private financing institutes funding the 
establishment of horticultural nurseries. Private Credit Co-operative Societies also extend loan facilities to 
nurseries. 

Financial Resources for Nursery 



Techniques for nursery plant production:

 Container grown Plants

 In modern nurseries, plants are grown in containers, made of polyvinyl chloride, plastic, metal or clay. However, peat 
fiber pots, paraffin paper cups and polyethylene bags are also common . Nursery production in containers has gone 
through many changes in the last few years. In past,  mostly  Clay pots, peat containers, plastic pots containers were 
used for growing nursery plants.

 Now-a-days, nursery growers mostly raise nursery in hardened polystyrene or plastic containers. Although use of 
polystyrene and plastic containers is a significant financial investment; however, most of these can be reused several 
times. 

 Reusable containers must be sterilized after every use. Usually 10% chlorine bleach solution is used for sterilizing the 
containers. 

Advantages of container grown nurseries include: 

 More efficient use of resources i.e. space, water and fertilizers.

 Management of nursery is easy and with less labour, more plants can be raised in same space. 

 Due to shallow tap root system, transportation and transplanting of plants are easy and without any root damage. 
Moreover, plants can be raised and transplanted whole the year round. 

 Plants can be shifted/ stored under shade before planting without any mortality issues. 



Seedling Trays/ Pro-trays/ Plug-trays

 The dimensions of the trays generally are 54.0 cm in length and 27.0 cm in width and cavity depth is 4.0 cm. 

 These trays are made of polypropylene and re-usable.

 Life of the tray depends on the handling of the seedling trays. 

 Seedling trays have been designed in such a way that a sapling gets a pre-calculated growing media and the right 
amount of moisture. 

 The trays have pre-punched holes to each cavity for proper drainage of excess water and also right spacing.

Advantages of Raising Seedling in Pro-trays:

 Growing in seedling trays with right growing media helps in proper germination as it provides independent area for 
each seed to germinate and grow.

 Seedling mortality or damping off diseases are reduced by using sterilized growing media. This results in uniform and 
healthy growth of all seedlings.

 The use of trays enables easy handling and economy in transportation.

 The use of trays improves germination and saves a lot of expensive seeds.

 Root development in seedlings is better and no root damage while transplanting is almost avoided. This results in 
uniform crop with early maturity.



Root-trainer:

A root trainer is a special container that encourages a plant’s roots to grow straight down, towards the 
bottom of the trainer.  A root trainer has a hole in the bottom to allow air pruning of roots, and it has 
grooves on the inside to prevent the roots from circling around the container.

 Seedlings grown in root trainers have more vigorous and rapid 
root growth than seedlings grown in polybags.

 Outplanting survival and, more importantly, long-term survival 
are much better. 

 Plants grown in root trainer systems are often ready for planting 
out when they are substantially smaller than those from 
conventional polybags. 

 This helps to reduce space requirements in the nursery and 
transport costs to the field.



Selection of Media 

The substrate on which seeds are sown, germinated, seedlings grown and cuttings rooted is known as growing medium. 
Different ingredients are used in varying composition for preparing commercial or homemade growing media. Media for 
plant growth and seed germination have great significance in nursery business. The material for rooting and growing media 
may be used either alone or incorporated with one or more products in combination. 

Ideal medium has the following qualities: 

• Should be firm and dense that can hold the propagation material (seeds, cuttings, layers etc.) properly. 

• Should have good water holding capacity and must be porous so that air can move and excessive moisture can drain out 
easily. 

• Should be free from weeds, diseases and insect-pests. 

• Should be properly decomposed with pH range from 5.5-6.5 and very low concentrations of salts.

• Should be cheap, easily available and can easily be mixed with other media. 



There are several media and mixtures of different kind are available for use in propagation such as in seed 
germination, rooting of cuttings and for growing container stock. The media which are commonly used are given below. 

Soils 
Most common, easily available and cheap material used as growing medium. For vegetable seeds mostly light soils are 
preferred. The seeds of fruit plants which are transplanted along with earth ball intact, are better raised in heavy soils.

Soil mix 
Soils are mixed with sand, silt, compost and well rotten farm yard manure (FYM) or some other media in different 
proportions.  The porous mixture with good water holding capacity is considered good for these purposes. 

Sand 
Sand is mostly used as a propagation medium by mixing it with different organic matters. It is recommended that sand should 
be washed, fumigated or heat treated to kill the pathogens before use.

Vermiculite 
It is a hydrated magnesium-aluminium iron silicate which contains good quantity of nutrients (Mg & K) for plants. It is light in 
weight, neutral in reaction, insoluble in water and has a good water holding capacity. It has ability to hold the nutrients for 
long period and release them later due to high cation exchange capacity. 

Types of Media 



Peat 
Peat is partially decomposed parts of aquatic, marsh or bog plants. Composition of different peat deposits varies depending 
on the types of plant material. 

Perlite 
It is gray-white silicaceous material of volcanic origin, which is mined from lava flows. Perlite is prepared by crushing crude 
silicaceous material and heating at 760ºC. It has pH of 6-8, high cation exchange capacity and good water holding capacity.  It 
contains no minerals. However, it can increase aeration in the mixtures.

Leaf mould
Decomposed plant leaves are called as leaf mould. Treatment of leaf mould with fungicide and insecticides is considered good 
to make it free from insects, their eggs and pathogens. Nutritionally it is good because it contains all the essential plant 
nutrients. 

Compost 
Decomposed organic wastage is called as compost. It is a rich source of mineral nutrients and has a good water holding 
capacity.  It can be mixed with soil to use as a medium for propagation. 

Sawdust 
Different controlled release fertilizers are used along with sawdust to increase the nutritional status. 

Coco peat 
It is also called as coco dust. It has fine structure having excellent aeration of 15-25%. Potassium is not added in this medium
as it is already available in coir. pH is 5.7 -6.5.



Peat Moss

Coco-Peat





 Selection of apparently healthy seeds/propagules for seedling production.

 Seed dressing with 0.2% Carbendazim/Benomyl/Thiram.

 Sowing in sterilized/fumigated, clean beds and adequate watering.

 Using sterilized budding knife, secateurs, and scissors during budding and grafting.

 Transplanting seedling after root dip for 3-5 min in 0.02% Carbendazim solution .

 Healthy planting material maintenance by keeping them under proper sunlight, watering and clean 
environment

 Frequent examination of seedling health and removal of diseased stocks.

 Foliar spray of 0.2% Carbendazim/Dithane M-45 at regular interval

Integrated Nursery Disease Management



Topic: Nursery Management and Mechanization



What is Nursery

• A nursery is a managed site, designed to produce seedlings grown 
under favourable conditions until they are ready for planting

• A nursery is a place where plants are grown, nurtured and sold out. 



 Seedlings and grafts are produced in nursery from which the fruit orchards and ornamental gardens can 
be established with minimum care, cost and maintenance.

 The nursery planting materials are available at the beginning of the planting season. This saves the time, 
money and efforts of the farmers to raise seedlings.

 It assures the production of genetically improved quality planting material.

 Better care of younger plants as it is easy to look after nursery in small area against pathogenic infection, 
pests and weeds.

 As vegetable seeds are very expensive particularly hybrids, so we can economize the seed by sowing 
them in nursery.

 They are an important source supplying the seedlings for meeting the fruit, pulp and paper, fuel wood, 
timber and other demands of the industries.

 Nursery provides employment opportunities for technical, skilled, semi-skilled, and unskilled labor. There 
is a huge demand of skilled professionals for grafting, budding, potting, repotting and other nursery 
operations.  Nursery can itself be a very remunerative enterprise in the changing national scenario. 

Importance of Nursery



Nursery Management



The main phases of nursery management are:
i. Planning



ii. Implementation – land treatment, protection against biotic 
interference and soil erosion, proper layout, input supply.

iii. Monitoring and evaluation – physical presence, rapid response, 
critical analysis, incentive to workers

iv. Feed back for further refinement



Types of Nurseries According to Type of Plants Grown

1. Fruit Plants Nursery: Fruit crops are mainly propagated vegetatively and need special techniques for 
propagations as well as maintenance. Fruit nurseries are essential for production of grafts as well as the 
mother plants of scions and rootstocks. 

2. Vegetable Nurseries: All vegetables except few like potatoes, sweet potato, bulbous vegetables and some 
other are raised by seedlings. 

3. Ornamental Nurseries

4. Medicinal and Aromatic Plants Nurseries

5. Forest Plant Nurseries



Flower  nursery 



Eucalyptus nursery



Apple nursery Chilli nursery



1. Retail Nurseries: Retail nurseries raise plants for sale to the general public. These places are small, locally owned 
nurseries that sell seasonal, annuals, ornamental trees, other landscaping plants and garden decoration to the general 
public or companies that specialize in a particular type of plant, such as tropical plants, citrus trees, bulbs or roses.  

2.  Wholesale Nurseries: Wholesale nurseries usually grow plants in bulk for the purpose of selling to large clients. These 
clients may include florists, garden centers or departmental stores. A wholesale nursery may fill a niche for particular types 
of plants, such as vegetables or houseplants, or they may grow a general selection of plants to sell such as fruits, 
vegetables and landscaping plants. 

3.  Private Nurseries: A private nursery grows plants exclusively for a single client. The private nursery may be owned by 
the client or it may be under contract for use by the client. Clients for private nurseries include large estates, corporations 
and institutions. These nurseries are concerned with raising documented historical plants for the historic preservation of 
the estates. 

4. Mail Order: Privately owned, retail and wholesale businesses may all be involved in mail order businesses. As shipping 
technology improved, it became possible to ship dormant ornamental trees and bedding plants via mail. The internet has 
largely shifted mail order from catalog to online shopping. Bedding plants may be shipped via postal carrier, but are 
primarily handled through third-party shipping agents. 

Types of Nurseries According to the Type of Sale 



 There is sudden increase in the demand for certain commercial plants. For example Tissue cultured banana, 
gerbera and carnation etc. It is not possible to fulfill this requirement by ordinary or common nursery 
practices. There is necessity to have special techniques and methods to meet the demand and only Hi-tech 
nurseries can satisfy this type of demand.  

 These nurseries grow plants in greenhouse, building of glass or a plastic tunnel, designed to protect young 
plants from harsh weather, while allowing access to light and ventilation. Modern greenhouses allow 
automated control of temperature, ventilation, light, watering and feeding. Some also have fold-back roofs 
to allow "hardening-off" of plants without the need for manual transfer of plants to the outdoor beds. 

Hi-tech Nurseries: 



Hi- tech nursery management

1. Propagating Structures for Nursery : In order to get better results different propagating structures are used for plant 
propagation. The important structures are Green houses, Poly houses, Shadenet houses, Poly tunnels, mist propagation 
units. 

2. New techniques of plant propagation /Tissue culture eg. Banana 
3. Timely availability of all inputs : Timely availability of propagation media, fertilizers, pesticides, weedicides, plastic, sutali

etc.
4. Use of Micro irrigation system with fertigation 
5. Proper nutrition
6. Weed control 
7. Use of plant growth regulators 
8. Use of plastic mulch/Use of plastic for germination of seed eg. Guava 
9. Frequent inspection for disease, pest and timely control measures. 
10. Use of Bio pesticides/Bio fertilizers/Bio agents 
11. Soil Sterilization 
12. Mechanization: Use of controlled irrigation, Fertigation, Soil sterilization unit, media sever, media mixer, Trays/pots/ bags

filling machines, Grafting machines.



Green house : It is structure constructed of plastic, poly ethylene and 

fibre glasss having temperature  control and ample light availability 
needed for propagating plants by seed, cutting and grafting 



Lath houses:

 Lath (lath - thin strip of wood) or shade houses provide 
outdoor shade and protect container-grown plants from 
high summer temperature and high light irradiation. 

 They reduce moisture stress and reduce the moisture 
requirement of plants. 

 Lath houses have many uses in propagation, particularly in 
conjunction with the hardening off and acclimatization of 
liner plants prior to transplanting and for maintenance of 
shade requiring plants. 



Net house:  suitable for propagation of shade loving plants like orchids  , 

pansy , gerbera etc. It provides necessary ventilation and maintains an ideal 
temperature for germination of seeds and subsequent growth of the 
seedlings.



Hot bed : It is used for growing small tender seedling and 
rooting of cutting. A hotbed is a bed of soil enclosed in a 
glass or plastic frame. It is heated by manure, electricity, 
steam, or hot-water pipes. Hotbeds are used for forcing 
plants or for raising early seedlings.  

Cold frame : It is used for hardening of rooted cutting Cold 
frames utilizes only heat of sun retained by the transparent 
covering, when we place tender plants in cold frames, initially 
the covering is generally kept closed tightly to maintain high 
humidity.



Mist propagation chamber is a unit where artificial relative humidity is maintained more 
than 90% by spraying water with pressure.
 Special nozzles those can produce very fine mist are used in this technique.
It helps in reducing the loss of plant moisture and helpful for rooting of cuttings and 
hardening of  tissue cultural plants 

Mist chamber



 Nursery can be a profitable venture only when it is thoroughly planned. 

 Nursery depends on its physical resources as well as the financial resources. 

 The physical resources include, land, water, labour and other supporting items such as transport, market 
communication facilities and availability of required technical know how. 

 Second resource is finance. The capital requirement of a nursery should be fulfilled sufficiently and timely. 
There are several sources for finance, like, the banks, co-operative societies, personal loans, Govt. subsidies 
etc. It must be remembered that none of the above suffice 100 per cent requirement. Even though the 
budgets are planned, it takes much time to get the money in hand. It is therefore very essential to know 
these two aspects thoroughly. 

Physical and Financial Resources for Nursery



Physical Resources for Nursery 

1. Land:   Basic and fundamental physical resource for plant nursery. The area available must be considered before 
planning the nursery and the products. 

 Soil sample testing should be done to avoid problematic and unmanageable soils. Soil should be well drained, porous 
and light to medium in texture. 

 Soil pH should be 6.0 – 7.5. Heavy, black cotton soil, sandy, ill drained and soils having high pH more than 8 are strictly 
avoided. 

 Low lying land should not be selected. The soils should be free from salts and other harmful elements. 
 The selected site should be close to railway station or bus station. 
 Wind breaks and shelter belts should be raised prior to planting nursery plants.   

2. Irrigation Facilities:  Required land with sufficient and assured supply of irrigation is the most important basic resource. 
Quality of irrigation water should be at prescribed level. Harmful factors can be tested by water testing in laboratory. The 
pH and electrical conductivity (EC) of irrigation water should be tested. 

3. Labour:   Labour is another important resource.  Degree of mechanization must be considered before estimating the 
labor requirement. Skilled as well as unskilled man power is necessary for grafting, budding, weeding, irrigation, spraying, 
dusting, training, pruning, etc. Technically sound gardeners are also necessary. Labour should be available at reasonable 
rates. 



4. Electricity:  Regular supply of electricity is very essential. Electricity is required for water pumps, spraying, dusting and 
many other operations. 

5. Road and Transport  : Once the nursery stock is ready for sale, there should be good roads and transport facilities. These 
facilities are also required for timely importing of stock and other material for the nursery. 

6. Mother Plants:   Mother plants are the most important factor for successful nursery. Separate planting of mother plants 
is necessary. Different varieties of mother plants are planted in different plots. Pests and diseases are controlled 
regularly by spraying pesticides and fungicides. Mother plants should be authentic and selected from Government 
nurseries or from Agricultural Universities. Mother plants should be selected very carefully as the sale of the nursery 
stock depends on the mother plants used for the propagation. 

7. Propagation Structures:  Propagation structures are very essential for production of grafts or seedlings. They are useful 
for multiplication of grafts and seedlings. Hardening of plants is done with the help of propagation structures. 

8. Fencing:  Hedges like golden duranta (thorny shrub), and agave are used as hedges in nurseries. Barbed wire fencing is 
also used. Hedges protect the nursery plants from wild and stray animals, theft, etc. They fix the borders of the nursery and
are ornamental and decorative. 



9. Space for Hardening of Nursery Plants:  

 Small shade net houses are required for hardening of nursery plants. Young, pampered seedlings that were 
grown either indoors or in a greenhouse will need a period to adjust and acclimatize to outdoor conditions, 
prior to planting. This transition period is called "hardening off". 

 Hardening off gradually exposes the tender plants to wind, sun and rain and toughens them up by thickening 
the cuticle on the leaves so that the leaves lose less water. 

 This helps prevent transplant shock in which the seedlings have a stunted growth or they die from sudden 
changes in temperature.

 Hardenings off time depend on the type of plants grown and the temperature fluctuations.  

10.Store and Office:    

 Garden tools, implements, raw materials, insecticides, fungicides, manures, fertilizers, boards, polythene bags 
etc are stored in store house. 

 An ideal nursery has at least one well managed office for keeping all registers, notebooks, information books 
and for instructing the team. The record of mother plants, progeny, Stock of plants, etc is preserved in office.



1. Bank Loans:    Terms and conditions differ from bank to bank, state to state. 

2. Financial Resources from Government:  National Horticulture Mission (NHM) started in 2005 in India with an 
objective to establish ideal nurseries for production of genetically pure plant materials. Nurseries in the public 
sectors (on government establishments) are entitled to get 100 per cent subsidies on expenditure.  The 
nurseries in the private sector get a subsidy of 50 per cent on their expenditures. There are two types of 
nurseries based on their sizes.  Big nurseries are those with size of 1 hectare area.  Such nurseries are entitled 
to receive financial assistance up to 30 Lakh as subsidy.  The small nurseries with size of 1 Acre are entitled for 
a subsidy up to 18 Lakhs.  The subsidies are given as per the bank loans sanctioned.   

3. Financial Resources from Private Sector: There are various private financing institutes funding the 
establishment of horticultural nurseries. Private Credit Co-operative Societies also extend loan facilities to 
nurseries. 

Financial Resources for Nursery 



Techniques for nursery plant production:

 Container grown Plants

 In modern nurseries, plants are grown in containers, made of polyvinyl chloride, plastic, metal or clay. However, peat 
fiber pots, paraffin paper cups and polyethylene bags are also common . Nursery production in containers has gone 
through many changes in the last few years. In past,  mostly  Clay pots, peat containers, plastic pots containers were 
used for growing nursery plants.

 Now-a-days, nursery growers mostly raise nursery in hardened polystyrene or plastic containers. Although use of 
polystyrene and plastic containers is a significant financial investment; however, most of these can be reused several 
times. 

 Reusable containers must be sterilized after every use. Usually 10% chlorine bleach solution is used for sterilizing the 
containers. 

Advantages of container grown nurseries include: 

 More efficient use of resources i.e. space, water and fertilizers.

 Management of nursery is easy and with less labour, more plants can be raised in same space. 

 Due to shallow tap root system, transportation and transplanting of plants are easy and without any root damage. 
Moreover, plants can be raised and transplanted whole the year round. 

 Plants can be shifted/ stored under shade before planting without any mortality issues. 



Seedling Trays/ Pro-trays/ Plug-trays

 The dimensions of the trays generally are 54.0 cm in length and 27.0 cm in width and cavity depth is 4.0 cm. 

 These trays are made of polypropylene and re-usable.

 Life of the tray depends on the handling of the seedling trays. 

 Seedling trays have been designed in such a way that a sapling gets a pre-calculated growing media and the right 
amount of moisture. 

 The trays have pre-punched holes to each cavity for proper drainage of excess water and also right spacing.

Advantages of Raising Seedling in Pro-trays:

 Growing in seedling trays with right growing media helps in proper germination as it provides independent area for 
each seed to germinate and grow.

 Seedling mortality or damping off diseases are reduced by using sterilized growing media. This results in uniform and 
healthy growth of all seedlings.

 The use of trays enables easy handling and economy in transportation.

 The use of trays improves germination and saves a lot of expensive seeds.

 Root development in seedlings is better and no root damage while transplanting is almost avoided. This results in 
uniform crop with early maturity.



Root-trainer:

A root trainer is a special container that encourages a plant’s roots to grow straight down, towards the 
bottom of the trainer.  A root trainer has a hole in the bottom to allow air pruning of roots, and it has 
grooves on the inside to prevent the roots from circling around the container.

 Seedlings grown in root trainers have more vigorous and rapid 
root growth than seedlings grown in polybags.

 Outplanting survival and, more importantly, long-term survival 
are much better. 

 Plants grown in root trainer systems are often ready for planting 
out when they are substantially smaller than those from 
conventional polybags. 

 This helps to reduce space requirements in the nursery and 
transport costs to the field.



Selection of Media 

The substrate on which seeds are sown, germinated, seedlings grown and cuttings rooted is known as growing medium. 
Different ingredients are used in varying composition for preparing commercial or homemade growing media. Media for 
plant growth and seed germination have great significance in nursery business. The material for rooting and growing media 
may be used either alone or incorporated with one or more products in combination. 

Ideal medium has the following qualities: 

• Should be firm and dense that can hold the propagation material (seeds, cuttings, layers etc.) properly. 

• Should have good water holding capacity and must be porous so that air can move and excessive moisture can drain out 
easily. 

• Should be free from weeds, diseases and insect-pests. 

• Should be properly decomposed with pH range from 5.5-6.5 and very low concentrations of salts.

• Should be cheap, easily available and can easily be mixed with other media. 



There are several media and mixtures of different kind are available for use in propagation such as in seed 
germination, rooting of cuttings and for growing container stock. The media which are commonly used are given below. 

Soils 
Most common, easily available and cheap material used as growing medium. For vegetable seeds mostly light soils are 
preferred. The seeds of fruit plants which are transplanted along with earth ball intact, are better raised in heavy soils.

Soil mix 
Soils are mixed with sand, silt, compost and well rotten farm yard manure (FYM) or some other media in different 
proportions.  The porous mixture with good water holding capacity is considered good for these purposes. 

Sand 
Sand is mostly used as a propagation medium by mixing it with different organic matters. It is recommended that sand should 
be washed, fumigated or heat treated to kill the pathogens before use.

Vermiculite 
It is a hydrated magnesium-aluminium iron silicate which contains good quantity of nutrients (Mg & K) for plants. It is light in 
weight, neutral in reaction, insoluble in water and has a good water holding capacity. It has ability to hold the nutrients for 
long period and release them later due to high cation exchange capacity. 

Types of Media 



Peat 
Peat is partially decomposed parts of aquatic, marsh or bog plants. Composition of different peat deposits varies depending 
on the types of plant material. 

Perlite 
It is gray-white silicaceous material of volcanic origin, which is mined from lava flows. Perlite is prepared by crushing crude 
silicaceous material and heating at 760ºC. It has pH of 6-8, high cation exchange capacity and good water holding capacity.  It 
contains no minerals. However, it can increase aeration in the mixtures.

Leaf mould
Decomposed plant leaves are called as leaf mould. Treatment of leaf mould with fungicide and insecticides is considered good 
to make it free from insects, their eggs and pathogens. Nutritionally it is good because it contains all the essential plant 
nutrients. 

Compost 
Decomposed organic wastage is called as compost. It is a rich source of mineral nutrients and has a good water holding 
capacity.  It can be mixed with soil to use as a medium for propagation. 

Sawdust 
Different controlled release fertilizers are used along with sawdust to increase the nutritional status. 

Coco peat 
It is also called as coco dust. It has fine structure having excellent aeration of 15-25%. Potassium is not added in this medium
as it is already available in coir. pH is 5.7 -6.5.



Peat Moss

Coco-Peat





 Selection of apparently healthy seeds/propagules for seedling production.

 Seed dressing with 0.2% Carbendazim/Benomyl/Thiram.

 Sowing in sterilized/fumigated, clean beds and adequate watering.

 Using sterilized budding knife, secateurs, and scissors during budding and grafting.

 Transplanting seedling after root dip for 3-5 min in 0.02% Carbendazim solution .

 Healthy planting material maintenance by keeping them under proper sunlight, watering and clean 
environment

 Frequent examination of seedling health and removal of diseased stocks.

 Foliar spray of 0.2% Carbendazim/Dithane M-45 at regular interval

Integrated Nursery Disease Management
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Protected cultivation :
Introduction



Year Area
(Mha)

Production
(MT)

Productivity (t/
ha)

1991-92 12.77 96.5 7.56

2001-02 16.60 145.7 8.79

2011-12 23.24 257.27 11.09

2014-15 23.40 280.98 12.00

2017-18 25.40 311.71 12.25

What we have achieved?

Food grain           : 50 MT (1950-51) to 292 MT (2019-20)
Horticultural crop: 25 MT (1950-51) to 311.71 (2017-18)

Silent revolution took place- but productivity is still low



Protected
cultivation

Future
Agriculture



What is Protected Cultivation?
 
 
control the micro climate as per the req. of plant/ crop
 
 
 
 
 
 

PartiallyFully

Cropping technique



Protected
Cultivation

is an integrated science
and technology based
approach to establish the
most favorable
environmental conditions
for plant and optimizing
resources including
water,  energy, space,
capital and labour, to
produce the desired plant
product.



Principle The productivity of
a crop is
influenced not only
by its heredity but
also by the
microclimate
around it.

P = G + E

Good quality seed sown in good field
yields in plenty








 
Urbanization
Industrialization
Developmental activities
Increasing population needs

 Why protection?  Cultivable land –
shrinking day by day

These are
the most
fertile
lands

Enhance production- answer is protected cultivation

Area     --------  Population



Various stresses

Stress: Any factor of environment that prevents or
decreases the normal system of functioning







Due to their rapid and unpredictable effects, it
became very difficult for agricultural
scientists and farmers to respond to
challenges posed by stresses.
Environmental fluctuations or stresses like
low or high rainfall, drought or flood and high
or low temperature can not be predicted well
in advance so that their impact can be
minimized on crop plants. Here protected
cultivation has a part to play.



Tackle stress by protected cultivation



low temperature or freezing
injury on summer squash
plants

The leaf scorching symptom
due to high temperature
stress on tomato plants

The effect of temperature stress on crop plants



Small and Marginal Land
Holdings with fragmentation








 App. 86.2 % (av. 0.6 ha)
Operational holding size- 1.08 ha
Not economically viable with
conventional agriculture.
Outmigration
 
 

Can be made
economically
viable with
protected
cultivation with
more no. of
working man days
req.



Advantage
s




Crop yields are higher-----
against open field conditions
Better quality produce-

  greater demand- higher
  prices and returns



Contd.








Management of
insects, diseases,
weeds etc. is easier.
Least pesticide
residues
Extending production
areas and growing
seasons
Crops can be grown
under unfavourable
climatic condition.



Contd.




Conservation of scarce resources
i.e. water, space, energy and
nutrients.
Higher input use efficienciesNutrients Fertilizer use efficiency, %

Broadcasting Drip Drip +
Fertigation

N 30-50 65 95

P 20 30 45

K 50 60 80



Contd.




Off-season production of the crops- to get
better returns.
Farmers can advance/ delay and segregate
production of cash crops as per market
demand.
 
 



Contd.
Production of high

quality and healthy
seedlings for
transplanting in
open field  for early
crop.

It makes cultivation possible
in areas where it is not
possible in open conditions
as high altitudes, deserts.



Contd.
Generate employment/ self employment

for the educated rural youth in the farm
sector.

 

Cereals: 143 man days/ ha
Vegetables  : 330 man days/ha
Protected : 860-1500 man days/ha

Labour intensive management

Nowadays many highly educated youths are opting it as self
employment due to charm in technology led hi-tech farming.



Other advantages:




Maintenance of stock
plants
propagation of grafted
plant-lets

Hardening of tissue cultured
plants



Protected Cultivation-
Methods and techniques



National scenario of
protected cultivation



 Protected Cultivation
technologies

Polycarbonate house

Poly tunnels

Shade nets

Insect proof nets

Mulching

Polyhouse



Types of protected cultivation
Raised bed
Integral part
Height
Width

Raised beds with
grooves for drip-laterals



Trellising of
plants





  Trellising in greenhouse
     crops is necessary to
use
     more of vertical space.

  Allow maximum light to
     reach canopy.



Mulching



Type of mulches




Organic mulches
       Organic mulches add nutrients and humus to the

soil as they decompose, improving its tilth and
moisture holding capacity
Inorganic mulches

        Inorganic mulches are inert materials that have not
originated from living material, they do not add
nutrients and humus to the soil

 
 













 
 Grass clippings
 Hay and straw
 Forest litter
 Leaves
 Pine bark
 Pine needles
 Wood chips/ saw dust
 Compost
Newspaper

 
 

ORGANIC MULCHES

Forest litter

Pine needle mulch

FYM

Dried leaf

Green twigs













Gravels, Pebbles and Crushed stone
Plastics

 Reflective plastic mulch

Colour plastic mulch

Biodegradable or Eco-friendly

    plastic mulch
 

 
 

 

Inorganic mulches
 



Advantage of Mulching


















Moisture conservation
Suppression of weeds
Control of soil temperature
Early crop with better quality
Control of certain pests.
Reduced fertilizer leaching
Reduces soil compaction
Reduction in labour and drudgery
Increase in yield.





 
Application of mulches in the field
  Field preparation:
 Preparation of Beds:

 Laying of drip pipes and
    plastic films

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tractor drawn machine for plastic muching and making low plastic tunnels

INDO-ISRAEL PROJECT





◦
◦

◦

Laying of drip pipes and plastic films
Thickness of mulch as per the duration of the crop
thin film is generally selected for short  Duration like

vegetables
Round holes are made at desired place using a

puncher or heated G.I. pipe or using hammer







The film is then inserted 4-6” into the soil
before the laying the plastic film the drip pipes are laid out at
desired spacing
For commercial operations, mulch is applied by machine

 









Planting the crops:
Seeds are sown directly through the
holes made in the film or seedlings
are directly transplanted
Once the first crop has been
harvested, a second crop can be
grown utilizing the same mulch and
drip irrigation.

Thickness Area
covered

(sqm/kg)

Weight
(gm/sqm)Micron

(µ)
Guage mm

20
25
40
50

100
200

80
100
160
200
400
800

0-02
0-025
0-04
0-05
0-10
0-20

53-0
42-40
26-50
21-20
10-6
5-3

18-4
23-0
38-0
46-0
93

209



Mulch area will be as per
canopy of the fruit tree

Clear the area which has
to be mulched and
irrigate the area

Laying of mulch film in fruit crops







Small trench could be
made around the periphery of
the mulching area to
facilitate anchoring of the
mulch film.

Cut the mulch film as per
requirement from the roll and
lay down in the canopy area.







Cover the film to the entire area around the tree
and the end should be buried in the ground.

The overlapped portion of the film could be
sealed using a plastic tape or by using metal
hooks.

The position of the opening should be parallel
to the wind direction to avoid tearing.



Peach Mango

Litchi

Mulching can be done in
old orchards also due to its
multifold benefits



Mulching can be done over
the bed as vegetables in
closely spaced fruit plants
like papaya, banana and
strawberry and in orchards
planted with high density as
shown in picture of guava

Guava Papaya

Strawberry



Limitations
 













Higher initial cost
Burning or scorching of young saplings due to
high temp. of black film.
Top dressing cannot be done.
Weed penetration with thin films.
Toxic to livestock.
Difficulty in machinery movement.
Environmental pollution



Mulchin
g

 

Sl. No. Crop Yield    (%) Water saving (%)
 1. Tomato 45-50 30
2. Capsicum 35-40 35
3. Okra 30-40 20
4. Potato 35-40 25
5. Brinjal 30-35 12
6. Guava 25-30 25
7. Peach 30-35 30
8. Kinnow 40-45 25
9. Pomegranat

e
35-40 30

10. Strawberry 40-50 25



Advanced irrigation
techniques



Polytunnel Technology
Plastic Low Tunnels

 

Low tunnels are actually miniature
greenhouses used for growing off season
vegetable nursery and  vegetables

Design of poly tunnel
(bamboo made)
Quonset type

Area( 5 m2) 5m x 1m

Height from
center

60-70 cm

Poly thene sheet
100 micron

10 m2

Approx
estimated cost

Rs. 500-700











Tunnels trap  CO2 and enhancing the
    photosynthetic.

These structures protect the plants
    from high wind, rain, frost and snow.

Besides being inexpensive, these
    structures are easy to construct and
   dismantle.

Low tunnels are supported above the plants
    by using hoops of GI wires or HDPE/PVC pipes
   (one inch diameter) or bamboo sticks.

Clear and transparent plastic film of 50-100



Poly low-tunnel
and

walk-in-tunnel
 

 

Bird protection or
anti-hail nets



Shade-nets
 Available in different shade %

- 15 to 90 %
and colour- green, white,
black, red, yellow and in
combinations



 
Application of Shade nets
 










Nursery propagation, floriculture, indoor plants, tea coffee
vegetables and spices.
Hardening of plants.
Cattle shed, Fish Pond,

     Poultry Farming etc
Greenhouse, terrace gardening & fencing
Used as safety nets for building repairs
Vermi compost unit
 
 

Covering of raised arch polyhouse with black colour
shade net During summer months
 



 
Plant Protection Nets
 



◦
◦





Protect from excess sunlight, birds, insects, snow,
hails, wind, heavy rainfall etc.
The selection of nets

Different mesh sizes or
Required strength to withstand weather conditions.

Leaf curl and yellow vein mosaic and other viruses in crops like tomato,
chilli, capsicum, okra, papaya etc. These viruses are mainly spread by insect
vectors like white flies, aphids, jassids, thrips and sometimes also by
the hoppers.
 Cover of Insect proof net (40-50 mesh) on walk-in-tunnels is
the most economical way of controlling virus and fruit borers.



Insect-proof nets
are low-cost
option to grow
crops without
damage by insects
and vectors. These
nets can also be
effectively used
for organic
cultivation of
vegetables and
seed production.

Insect-proof net house



 
Advantages
 









Helps in cultivation of flower plants, foliage
plants, medicinal and aromatic plants,
vegetables and spices
Used for growing vegetables
Enhances yield in extreme climatic conditions
Helps in quality drying of various agro products
Used for pest / insect protection



Polyhous
e

Polycarbonate/ glass house



 
Medium- Tech Naturally ventilated polyhouse

 



 
 

Double door
 
 

 
 

Side Vent
 
 

 
 

Shade net
 
 

Top vent

An Ideal Modified naturally ventilated polyhouse

Classification based on environmental control
a. Naturally ventilated/ Active
b. Forced ventilation / Passive

 



Hi- Tech greenhouse



 Multi-span greenhouse



Multispan Greenhouse
 Saw tooth type greenhouse design
 

 Ridge and furrow type greenhouse



High Density Orcharding



Need for HDP

• Continuing decline in availability of cultivable land.

• Increase in land cost.

• Low returns and long gestation period of traditional orchards.

• Low productivity of traditional orchards.

• Increase demand of horticulture produce.



High Density Planting 

Planting of fruit trees at a closer spacing than the recommended one using certain special

techniques with the sole objective of obtaining maximum productivity per unit area without sacrificing
quality is often referred as HDP

OR 

Accommodation of maximum number of plants per unit areas for production maximum yield of quality 

fruits. 

• First commercially exploited for apple in Europe during sixties, 

• Now majority of the apple orchards in Europe, America, Australia and New Zealand are grown under 
HDP.  

• But, in India, majority of the orchards are planted at wider spacing except some HDPs at experimental 
fields. 



• HDP can be with one species (mono species) or with different species (multi storeyed of crops).

• A cropping system in which the higher no. of plants belonging to one or more species of crops 
are accommodated within a unit area so as to obtain maximum output by optimum utilization 
of land, solar radiation, water and nutrients from soil.

• In plantation crops, like coconut and arecanut the concept of HDP is realized by opting to 
multi-crop species cropping system.

• The mono species HDP originated in the temperate region of Europe, while the multispecies 
HDP seems to have natural origin in the tropical and subtropical region of Asia and Africa.



Principle of HDP

➢To make the best use of vertical and horizontal space per unit time and to harness maximum possible returns

units of input.

➢To achieve higher yields orchard canopies must intercept a high proportion of available light (70-

75%).

➢Narrow canopies with a depth of not more than 3 feet have better light distribution.

➢High early yield through the use of feathered trees, planting higher tree densities, maximizing tree

growth after planting with irrigation and fertigation, minimizing pruning at planting and in the

first 3 years and branch bending to induce early cropping.

➢Simple and thin tree canopies are more adaptable mechanization.



Categories of HDP

• Low Density Planting (LDP): 250 plants/ha, no use of dwarfing rootstocks, minimum training & pruning, trees come
in to commercial production potential after 10 to 15 yr, yield during early yrs very low.

• Medium Density Planting (MDP): 250 to 500 plants /ha, proper pruning, requires , gives more yield and quality fruit,
long productive life.

• High Density Planting (HDP): >1000 plants/ha, requires rigorous training & pruning, dwarfing RS and
chemicals to maintain optimum growth, both yield and expenses are higher, establishment and maintenance of
HDPs require technical backup.

• Ultra High Density Planting (UHDP): >2000-5000 trees/ha, requires severe pruning & training, proper canopy
management, chemical assistance and nutrient management are essential, require technical backup.

• Super High Density Planting (SHDP) (Meadow): >10,000-40000 or more plants/ha, severe top pruning is
practiced similar to mowing of grass land, tree yields after 1 or 2 years after planting, heavy uses of growth
regulators as well as judicial canopy managements. In apple, 10000 plants /ha can be accommodated at a
spacing of 1 × 1m (4000 plants /acre).

• Note: For high density planting, compact varieties are used whereas ultra high density and super high density
planting, dwarfing rootstocks are used to limit the natural growth of the plant besides the constant use of growth
retardants every now and then to have a control over the growth.



Components of HDP

• Scion varieties: Use columnar apple

• Dwarfing rootstocks/interstocks

• Tree establishment

• Optimum use of light resource through training systems

• Branch angle manipulation

• Growth retardants

• Pruning

• Crop load management

• Irrigation and fertigation



Ultra High density on clonal rootstock-M-9 (3.0x1.5m) High density on clonal rootstock-MM.106 (2.5x2.5m)



HDP of Peach



HDP in Banana



Tree Size Control

• Use of genetically dwarf scion cultivars

• Use of dwarfing rootstocks and interstock

• Training and Pruning

• Use of growth retardants

• Induction of viral infection

• Use of incompatible rootstock

Manipulation of tree vigour/size is an important prerequisites for success of HDP in any fruit crop. The 

following methods are applied to control the size of the tree

Methods of HDP
✓ Control of tree size
✓ Planting systems



1. Use of dwarf scion cultivar

• Apple – spur type varieties – Red spur, Red chief, Oregon spur etc.

• Peach – Red heaven

• Cherry – Compact Lambert, North Star

• Mango –Amrapali

• Papaya – Pusa Nanha

• Banana – Dwarf Cavendish, Poovan



2. Use of dwarfing rootstock

• Apple – M27, M9, MM106, M26, Ottawa 3

• Peach – Siberian C, St. Julien 2, 3

• Cherry – Colt, Charger, Rubiara

• Plum - Pixy, St. Julien 2, 3

• Mango – Vallaikolamban, Olour, 13-1

• Guava – P. friendrichshalianum, Pusa Srijan



3. Training and Pruning

• Overcrowding poses a serious problem for orchard access and for adequate light interception needed for 
optimum photosynthesis, flowering and fruit set and quality.

• Pruning  has dwarfing effect on the tree. 

• Slow growing trees respond more favourably to pruning and training and can be maintained at a given size 
and shape without sacrificing yield. 

• Removal of apical portion results in a compact and bushy tree through stimulation of lateral bud growth and 
suppression of apical dominance.



4. Use of Growth Retardant

• Pruning often leads to strong re-growth of shoots in mango and other fruit crops. 

• Plant growth regulators such as Paclobutrazol, Alar, Uniconazole, prohexadione-calcium have been 
used to restrict vegetative growth. 

• Of these Paclobutrazol treatments in mango at Pantnagar induced flowering and fruiting in new 
shoots produced in July after pruning without any loss in fruit quality. 

• September to November treatment was highly effective in increasing flowering and fruiting besides 
reducing vegetative growth (30-35%). 

• Thus, paclobutrazol treatments induced flowering and fruiting and helped in reducing the 
vegetative growth required for high density orcharding.



Planting System

• Aimed to achieve high assimilated production for its conversion into economic yield. 

• Various planting systems adopted in fruit crops – square, triangular, quincunx, rectangular, 
hexagonal, hedgerow ( single & double), paired planting and cluster planting. 

• Square and triangular systems are followed – for HDP in mango, Kinnow, banana, papaya 

• Hedge row system in apple and pineapple in India. 



Plant Architecture in HDP

• Fruiting branches-more and structural branches minimum

• Arrangement – minimum shade on other branches.

Desirable Architecture of Temperate Fruit Plants

• Prevent upright growth and develop horizontal laterals. 

• Space small laterals along the central leader. 

• Develop and maintain fruiting spurs along entire branch as it develops.

• Develop rigid, strong, self supporting laterals. 

• Maintain fruiting branches in one position. 

• Develop fruiting spurs along the sides rather than top or bottom of lateral branches.



Advantages of HDP

• It induces the precocity

• Facilitates better utilization of incident solar radiation and increase in bearing surface per unit land area

• Enhanced fruit yield and quality

• Low cost per unit production

• Enables mechanization in fruit crops

• Easy harvesting of fruits from such trees with lesser injury results in better post-harvest life

• Facilitates more efficient use of fertilizers, water, plant protection chemicals and natural resources.



Disadvantages of HDP

• Higher establishment cost as more number of trees required per unit area. Therefore, the cost of 
planting is far more. More inputs and labour are required for their maintenance.

• In long run, it results in heavy competition for space, nutrients and water. The trees in close plantings 
soon begin to crowd each other and yields decline

• Over crowded growth of canopy results in buildup of high humidity, reduced cross ventilation in the 
orchard, which are conducive for more incidence of pests and diseases.

• Need more professional and scientific approach for management compared to the conventional planting.

• Efforts to breed dwarfing rootstocks that can control the growth of mature trees have been unsuccessful.

• Compact trees cannot stand drought or waterlogging conditions in contrast to standard trees. They 
cannot absorb nutrients and moisture from deeper soil layers.

• For restriction of growth in high density orchards growth retardants are used. There are reports that 
some of the growth regulators persisting in the harvested fruit and soil.



Comparison between traditional system and High Density Planting System

Parameters TS HDP

Plant density (ha) Very low Very high

Precocity Very late Very Early

Productivity Less Very high

Management Difficult for large trees Easy for small trees

Harvesting Difficult Easy

Quality Large canopy, poor sunlight

penetration, poor fruit

quality

Better light interception and better fruit quality

Establishment Less Very high

Machinery Difficult to use Required for reducing the cost involved in 

manpower

Bioregulators Not required Required



Impact of HDP

• In mango, 

–Amrapali at 2.5x 2.5m in triangular system accommodate 1600plants per hectare

– Dashehari at 3.0 X 2.5 m in square system -1333 plants per hectare, 

• Increase in yield per hectare was 2.5 times in Amrapali than that of the low density orchards of vigorous 
cultivar. 

• In Dashehari mango, the average yield in high density is reportedly 9.6 tonnes compared to 0.2 tonnes in 
low density planting. 

• This yield can further be improved in alternate bearing cultivars like Dashehari , Chausa and Bombay 
Green through the application of growth retardant like Paclobutrazol.

• In Citrus, Kinnow on Troyer Citrange and Karna khatta rootstocks could be planted at 1.8 x1.8.m and 
3x3 m to accommodate 3000 and 1088 plants per hectare, respectively. 

• In pineapple, population density of 63758 per hectare coupled with improved package of agrotechniques
result in increase in yield from 15-20 to 70-80 tonnes/ha.



Plant population under different planting systems in Banana

S. No. Method of Planting Spacing (m) Population

(No. of plants/ha)

a)
HIGH DENSITY PLANTING

Paired row planting system Dwarf 
varieties

Grand Naine, Poovan, Rasthali, Ney Poovan

1.2X1.2X2.0

1.5X1.5X2.0

5200

3850

b) 3 suckers/hill (45 cm apart in the pit)

Grand Naine, Nendran, Rasthali

1.8m X 3.6m

1.8m X 3.0m

4600

5550

c) Two plants per hill (Ney Poovan, Poovan,
Rasthali, Nendran, Monthan) 2.1m X 2.4m

2.1m X 2.7m

3525

3960



Yield (t/ha) advantage

Crop (variety) Traditional HDP % advantage

Apple (Jonathan) 30 (5x5m) 68.75 (3x0.75m) 129.17

Apricot (Tyrinthos) 13-20 (6x6m) 64.40 (4.5x1.5m) 290.30

Cherry (Van) 6-9 (8x5m) 16.0 (4x2m) 28.45

Kiwifruit (Hayward) 25 (5x5m) 37 (4.5x1.5m) 80

Almond (Tuono) 3.0 (5.0x5.0m) 5-10 (5x2.5m) 150

Walnut (Tulare) 3 (10x10m) 7.8 (6.1x3m) 160



CANOPY MANAGEMENT 

Canopy:  

The cover of branches and foliage formed by the crown of tree. 

Or 

Canopy in a fruit tree refers to its physical composition comprising of stem, branches, shoots 

and leaves. 

Canopy architecture: 

Designing the plant as per need, using inherent plant characteristics in accordance with given 

set of conditions and resources to perform the plant maximum 

Canopy management: 

A series of operations on the above ground portion of the plant, aiming towards maximized 

production of quality fruits per unit canopy area.  

Consequences of mismanaged canopy: 

• Most of orchards become dense and over-crowded.  

• Majority of trees attain tall, upright and curved growth structure and the canopy is 

marked with criss-cross branches leading to a highly dense vegetative mass. 

• Very poor penetration of active solar radiation. 

• Bearing is confined to upper periphery of shoots. 

• Change in micro-climate inside the canopy. 

• Poor photosynthetic efficiency. 

• Facilitate proliferation of insects and diseases as they prefer shady conditions. 

• Poor quality fruit. 

Relevance to Manage the Canopy: 

• Size control 

• High density plantation  

• Development of healthy and photosynthetic foliage 

• Light distribution / interception 

• Air circulation 



• Facilitating spray penetration 

• Development of desirable fruit colour, quality and yield 

• Overall tree health 

• Rejuvenation of senile orchards 

 

Principles of canopy management:  

 To make best use of the space 

• Maximum utilization of light.   

• Avoidance of built-up microclimate congenial for diseases and pest infestation. 

• Convenience in carrying out the cultural practices.   

• Maximizing productivity with quality fruit production.  

•  Economy in obtaining the required canopy architecture.  

 

Objectives of canopy management: 

• To get the higher yield with good quality.  

• To maintain a good balance between root and shoot growth. 

• To expose maximum leaf surface area to sun. 

• To make maximize utilization of light as light has key role in flower induction as well as 

in fruit development through carbohydrate synthesis.  

• Provide the basic tree form and to aid the development of a strong tree framework by 

encouraging strong wide crotch angles.  

• To encourage tree for longer living and precocious bearing. 

• To achieve orchard uniformity. 

 

Understanding Architectural behaviour of plants: 

Before, going for canopy management, understanding of plant nature and behaviour i.e. Plant 

architecture is essential because the architecture of a plant depends on the nature and relative 

arrangement of its each part.  

The expression of an equilibrium between endogenous growth process and exogenous 

constraints exerted by the environment  

How to decide the course of action for Canopy Architecture Management  

1. Analysis of architectural engineering aspects in plant, such as  

• Angling of branches. 



• Pattern of branching. 

2. Understanding the endogenous growth process like Flushing pattern and action of growth 

hormones.  

Steps of canopy management: 

a. Selecting dwarf cultivars/Rootstock 

b. Selecting appropriate planting system 

c. Initial frame development 

d. Training the plants with open centre 

e. Allow the canopy to grow horizontally 

f. Centre opening of grown up trees 

g. Pruning of the shoots and excessive growth. 

 

Light:  

• Light is an important factor in production of fruit.  

• It has a role in flower induction as well as in fruit development through carbohydrate 

synthesis. While increased assimilates in the shoots is a pre-requisite for flowering in most 

of the fruit crops. 

• High yield of quality fruits are attributed to high light interception and distribution in the 

tree canopy.  

• The fruit yield is related to light interception, whereas fruit quality is a function of light 

distribution.  

• Light interception is the amount of available light intercepted by the tree canopy and not 

striking on the orchard floor. 

• It is influenced by plant density, canopy shape, canopy leaf area index and can be raised 

by increasing the density of foliage in the canopy, the height of the tree and number of 

tress per hectare.  

• Light intensity decreases, within the tree canopy as the outer portion shades the inner 

canopy.  

• An east-west row orientation results in more shading as compared to the western and 

southern orientation of trees. 

• In the canopy management, major emphasis is usually required to reduce the excessive 

canopy shading and increase the air circulation in the fruiting region. 

 



Training & Pruning: 

• Canopy management includes tree training and pruning which decides the quantity of light 

intercept by trees.  

• An ideal training strategy centres around the arrangement of plant parts specially to 

develop a structure that optimizes the utilization of sunlight. 

• Improving light penetration into the tree canopy improves tree growth, productivity and 

quality.  

• Pruning aims to encourage new and strong growth of all branches. 

•  It is done to make a tree more productive and bear quality fruit, increase longevity of the 

tree, make it into more manageable shape and to get maximum returns from the orchard. 

• There are two main types of pruning i.e., heading back and thinning out.  

• In heading back, the terminal portion of the shoot is removed to the desired level, for 

example, one fourth or two third of the shoots may be headed back. Such pruning 

encourages development of secondary branches.  

• In thinning out the entire branch is cut right from the base. It allows more of sunlight to 

enter the interior of the tree because of its opening effect. 

 

Rejuvenation: 

• The decline of productivity and health of the tress may be due to faulty management i.e. 

unsuitable site and climate, cultivation of intercrops, inadequate nutrition, improper 

planting, undesirable planting materials, incidence of insect pest and disease and other 

biotic and a biotic stress.  

• The decline of trees is characterized by sparse appearance, yellowing and different type 

foliage symptoms, undergrowth and sickly appearance, dried-up top growth with small 

and less number of fruits.  

• The branches of trees start to die from the top to downwards, ultimately resulted poor 

quality fruits.  

• Senile orchards with poor productivity are now a common problem in temperate, tropical 

and subtropical fruits.  

• Since most of the fruit trees has long juvenile period, hence going for replanting, 

rejuvenation may be better option to convert sick tree into productive ones.   

• The rejuvenation technology involves the heading back of old, senile and unproductive 

orchards showing marked decline in annual production and quality of the produce.  



• This is to be done during May-June or Dec-Feb at a height of 1.5-4.0m depending upon 

the tree structure.  

• The prime objective is to facilitate production of new shoots from below the cut point and 

allow the development of fresh canopy of healthy shoots.  

• The newly emerging shoots are allowed to grow upto 40-50cm length and then further 

pruned for emergence of multiple shoots below the pruning point to modify the tree 

structure and maintain canopy size.  

• Thinning up the new shoots are important and allow 5-6 outward shoots to mature and 

form the canopy in each branch as semi circular or open umbrella type canopy. 



Pre-requisites for precision farming 
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Remote sensing is a method of obtaining information about the
properties of an object without coming into physical contact with it.

The art, science and technology of obtaining reliable information
about physical objects and the environment, through the process of
recording, measuring and interpreting imagery and digital
representations of energy patterns derived from noncontact sensor
systems.

Remote Sensing



• “Remote sensing is the noncontact recording of information from

the ultraviolet, visible, infrared, and microwave regions of the
electromagnetic spectrum by means of instruments such as cameras,
scanners, lasers, linear arrays, and/or area arrays located on
platforms such as aircraft or spacecraft, and the analysis of
acquired information by means of visual and digital image processing.”

2



3

History of Remote Sensing and GIS

• Remote sensing as a technology started with the first photographs 
in the early nineteenth century. 

• It began in 1858 when Gaspard-Felix Tournachon first took aerial 
photographs of Paris from a hot air balloon. 

• Remote sensing continued to grow from there; one of the first 
planned uses of remote sensing occurred during the U.S. Civil War 
when messenger pigeons, kites, and unmanned balloons were flown 
over enemy territory with cameras attached to them.

• First instance of using remote sensing technique in India was 
documented during coconut wilting experiment in 1970. 



Three essential Components of Remote Sensing:

1. The Signal (from an object or phenomena)
2. The Sensor (From a platform), and
3. The sensing (Acquiring knowledge about the object or the 

phenomenon after analysis of the signals, received by the sensor at 
the users library )



Remote Sensing Process/Concept/ Components

Emission of EMR (Sun/Self emission) (A) 

Transmission of energy from the source to 
the surface of the earth (absorption  and 
scattering) (B)

Interaction of EMR with the Earths surface 
(reflection & emission) (C)

Transmission of Energy from the surface to 
the remote sensor (D) 

Sensor data output (E)

Data transmission, processing and Analysis (F)

Application (G)
5



6

Platform is a stage to mount the camera or sensor to acquire the
information about a target under investigation. Based on its altitude
above earth surface. Platforms are airplanes, satellites, balloons, kites,
towers, helicopters etc. Platforms may be classified as:

1. Ground borne platform: Sensors are mounted on ground based
platforms. eq. ground vehicles and towers.

2. Air borne platform: Sensors are mounted on air based platforms.
Aircrafts are generally used to acquire aerial photographs for photo-
interpretation and photogrammetric purposes. Example: airplanes,
helicopters, high altitude aircrafts, balloons.

3. Space borne platform: Sensors are mounted mainly on satellites.
Example: rockets, satellites, shuttle at a height of 100 km to 36,000 km.

Remote Sensing Platforms:





8

1. Passive Remote Sensing
It uses reflected or emitted electromagnetic energy from the natural
sources like sun. The passive remote sensing system mainly depends on
the solar radiations.

2. Active Remote Sensing:
• It uses an artificial source for energy. For example, the satellite

itself can send a pulse of energy which can interact with the target.
• In active remote sensing, humans can control the nature

(wavelength, power, duration) of the source energy.
• Remote sensing in the microwave region of the electromagnetic

spectrum (radar remote sensing) is an example of active remote
sensing.

• Active remote sensing can be carried out during day and night and
in all weather conditions.

Types of Remote Sensing/Sensor



Remote Sensing Classification

Based on wavelength regions the remote sensing can be classified as:

1. Visible and reflective infrared remote sensing - The energy source 
used in the visible and reflective infrared remote sensing is the sun. The 
sun radiates EM energy with a peak wavelength of about 0.5 μm. Remote 
sensing data obtained in the visible and reflective infrared regions mainly 
depends on the reflectance of objects on the ground surface.

2. Thermal infrared or emitted remote sensing. The source of the 
radiant energy in the thermal infrared remote sensing is the object 
itself, because any object with a normal temperature of about 27oC will 
emit EM radiation with a peak at about 9.7 μ m.

3. Microwave remote sensing - In microwave region, there are two types of 
microwave remote sensing, passive microwave remote sensing and active 
microwave remote sensing. 
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Advantages of Remote Sensing

 Provides a view for the large region. Wide area can be covered by a single image or 

photograph (One scene of the Indian Remote Sensing Satellite (IRS) series covers 

about 148 x 178 sq. km area).

 Receptivity – one can get the data of any area repeatedly (IRS series covers the 

same area every 16-22 days).

 Most of the remote sensors operate in every season, every day, every time and even 

in real tough weather

 Permanent and reliable record

 Coverage – inaccessible areas like mountains, swampy areas and thick forest are 

easily covered.

 Time saving- Since information about a large area can be gathered quickly, the 

techniques save time and efforts of human. It also saves the time of fieldwork.

 Cost Effective- RS especially when conducted from space, is an intrinsically 

expensive activity. Nevertheless, cost-benefit analysis demonstrates its financial 

effectiveness, and it is a cost-effective technique as again and again fieldwork is not 

required and also a large number of users of different disciplines can share and use 

the same data.



Limitations

• Human beings select the most appropriate sensor to collect the data,
specify the resolution of the data, calibrate the sensor, select the
platform that carry the sensor determine when the data will be collected,
and specify how the data are processed. Thus, human method produced
error may be introduced, as the various remote sensing instrument and
mission parameters are specified.

• Powerful active remote sensor system, such as lasers or radars that emit
their own EMR, can be intrusive and affect that phenomenon being
investigated.

• Remote sensing instruments often become uncalibrated, resulting in
uncalibrated remote sensing data.

• Inability of many sensors to obtain data and information through cloud
cover and the relatively low spatial resolution achievable with many
satellite-borne earth remote sensing instruments.
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Applications in Horticulture

The major application areas are as follows:

1. Crop conditions: 

Remote sensing can be a helpful tool to identify the crop condition 

using NDVI (Normalized Difference Vegetation Index) . Near-infrared 

radiation is being used to detect healthy vegetation in horticulture. Healthy 

vegetation reflects green light and absorbs red and blue light. NDVI 

responds to change in the amount of green biomass, chlorophyll content and 

canopy water stress. The system is easy to implement and also effective to 

predict soil properties especially when the vegetation is not very dense and 

soil area is exposed within the vegetation.
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2. Soil moisture: 

Soil moisture is an important contributing factor of the water cycle, weather 
forecasting, draught and floods and Remote sensing technique can be useful in 
determining soil moisture status using active and passive sensors from space. 

Active sensors - high spatial resolution but low accuracy 

passive sensors - highly accurate but with poor resolution. 

To achieve an optimized solution, harnessing best of both the processes 
NASA, USA has launched a project namely Soil Moisture Active Passive 
(SMAP).

3. Crop classification:  

To classify horticultural crops from other bushes, shrubs and trees with 
green leaves which have almost similar spectral signatures that of the other 
healthy vegetation, multispectral photography is very much useful to 
distinguish this species from each other by the colour pattern exhibited by 
them. 

Unsupervised clustering for image segmentation is a method through which 
the fruits and nut trees can be distinguished from forest vegetation having 
similar spectral characteristics specially areas with unexpected land covers.
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4. Crop area estimation:

Horticultural crops usually face big ups and down both in its production 
and consumption as a result, it has a very unstable market and price. That’s why 
reliable statistics regarding area and production of horticulture products is 
essential for market planning and export of produces. Remote sensing here 
plays a very important role to assess the supply scenario. 

5. Crop canopy measurement: 

Crop canopy of horticultural crops is very important as its volume 
determines the amount of fertilizer, pesticide and any other chemicals to be 
applied besides canopy volume also indicates crop health condition as well as 
about the expected yield. Research indicates that NDVI can potentially provide 
field specific and regional estimates of canopy volume for horticultural crops 
with minimal requirement for supporting information.

* A multispectral imaging system was developed for the measurement of leaf 
nitrogen content of fruit trees. 
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6. Detecting pest and disease occurrence: 

Pest and diseases are the two main causes of production and
consequently economic losses in horticultural industry. It has been proved that
remote sensing can be a useful tool for early detection of diseases and
identifying, managing pests and nematodes by detecting changes in plant
pigments.

Spectroscopic and imagining techniques are unique disease monitoring methods
that provide unique information about plant.

• when citrus canker lesions developed on citrus leaves, spectral reflectance
of leaves changed in the wave length range of 600-700nm.

• In 1999, Hahn developed a prediction model for mango anthracnose and late
blight disease in tomato using NIR (Near InfraRed) band.

• Active radar systems have been used to monitor the dispersal and
migratory flight behaviour of economically important insects, including
honeybees, moth, grasshoppers etc. The information could be obtained
routinely using existing network of weather radars and can be used to alert
growers that crops are at heightened risk.
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7. Monitoring abiotic stress: 

Remote sensing is a powerful technique to monitor plant responses 
towards different abiotic stresses like draught, flooding, salinity, 
temperature fluctuations etc. For example if any abiotic stress 
causes inhibition of chlorophyll production, then an increase in 
reflectance will be observed for weakly absorbed wavelengths.

 Visible and infrared (VIR) spectroscopies are used as a rapid, 
non-destructive and cost effective method for the detection of 
stress, injury and diseases in plants.

 Fluorescence spectroscopy – utilized to monitor nutrient 
deficiencies, environmental condition based stress levels and 
diseases in plants.
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8. Yield estimation: 

Remote sensing is a very useful tool to estimate the yield 

of different annual crops but again so far its use has been used 

very limited for fruit trees and vegetables.

• Use of harvester-mounted yield monitors, intensive yield data 

can be collected from a field and RS imagery allows data to be 

evaluated more accurately.

• Currently, commercial yield monitors are available in 

developmental stages for only few crops like citrus, pistachio 

and tomato crops.

17



CHAMAN:

The department of Agriculture and Farmers’ Welfare has
launched a new project namely Coordinated Horticulture
Assessment using Management using Geoinformatics (CHAMAN)
to use geo-spatial applications for the assessment and management
of horticultural crops such as onion, potato and mango.

The objectives of this programme is to estimate area and
production of 7 horticultural crops (Potato, Onion, Tomato, Chili,
Mango, Banana and Citrus) in 12 major states in 180 districts and
thus to generate action plans for horticultural development.
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Indian Satellite Sensors such as AWIFS (Advanced Wide 

Field Sensor), LISS-III/IV (Linear Imagine Self Scanning 

System) are being used by NRSC (National Remote 

Sensing Centre), ISRO for inventory of fruits, vegetables, 

plantation crops, crop health, disease mapping, yield 

modelling and year to year changes, site suitability and 

post-harvest studies.
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Geographic Information System (GIS)

Tool for handling geographic (spatial and descriptive) data. It is an
organized collection of computer hardware, software, geographic
data and the personnel designed to efficiently capture, store, retrieve,
update, manipulate, analyze and display all forms of geographically
referenced information according to the user defined specifications.
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Components of GIS

3

There are four main components of a true GIS system (Marble 1990). 
These are:

1. Data input system: collects and/or processes spatial data from 
existing sources such as maps, remote sensing data, images, etc. 
Data can be "collected" through digitizing, scanning, interactive 
entry, etc.

2. Data storage and retrieval: organizes spatial data in a form which 
permits it to be quickly retrieved by the user for subsequent 
analysis, as well as permitting rapid and accurate updates and 
corrections to be made to the spatial database (i.e., editing). 

3. Data analysis and manipulation: allows for changing form of data, 
simulation modeling, spatial-temporal comparison, etc.

4. Output: displays spatial database and analysis in graphic (i.e., map) 
or   tabular     form.



GIS component can also be divided by in this manner:

1. Computer hardware.

2. Sets of application software modules.

3. Skilled people to manage it.
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Sources of geospatial data 

Satellite images Statistical tables

Digitized maps Aerial photographs
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 Precision Farming 

 Nutrient management 

 Water management 

 Suitability Analysis 

 Pests and diseases monitoring and management 

 Establishment of horticulture-industries. 

 Nearest site for horticulture product storage like cold storage. 

 Selection of shortest route for horticulture produce transportation. 

GIS Applications in Horticulture



Global Positioning System (GPS)

• GPS is a navigation system based on a network of satellites that helps 
users to record positional information (latitude, longitude and 
elevation). 

• GPS allows farmers to locate the exact position of field features, 
such as soil type, pest occurrence, weed invasion, and obstructions.

• GPS is funded by and controlled by the U. S. Department of Defense 
(DOD). While there are many thousands of civil users of GPS world-
wide, the system was designed for and is operated by the U. S. 
military. 

• GPS provides specially coded satellite signals that can be processed in 
a GPS receiver, enabling the receiver to compute position, velocity and 
time. 

• Four GPS satellite signals are used to compute positions in three 
dimensions and the time offset in the receiver clock.
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How Does the GPS System Work?

• The GPS system uses measured distances to the precisely located 
GPS satellites to locate positions on Earth.

• Radio receivers in GPS units monitor radio signals broadcast from 
the GPS satellites.

• A GPS position is determined by simultaneously measuring the 
distance to at least three satellites. 

• The distance to a satellite is measured by the time it takes a radio 
signal to travel from the satellite to the GPS receiver. 

• Computers in GPS units use information from the radio signals, 
including broadcast time and unique satellite information, to 
calculate positions. 
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GPS Errors:

• There are several sources of GPS errors. GPS radio signals can “bounce 
off” objects such as buildings and trees prior to acquisition by the GPS 
receiver, resulting in lower accuracy. This is called multipath error. 

• The satellites use very accurate atomic clocks to generate the timing data 
received by the GPS receivers. However, even small errors in timing from 
clocks in the satellites and GPS units cause errors in GPS positions. 

• Signal delay errors can be caused by atmospheric interference such as 
electrically charged particles in the ionosphere. A layer of water vapor 
located below the troposphere can also alter the speed of travel of radio 
signals. 

• Pressures from solar radiation and gravitational forces of the sun and moon 
can alter satellite locations.

• GPS receiver quality also affects GPS accuracy. 

• More costly GPS units generally provide more accurate GPS positions than 
less expensive units.

9



Differential global positioning systems (DGPS)

• DGPS reduce GPS errors and provide more accurate and reliable 
readings. Differential correction uses a radio signal broadcast from 
known locations on Earth. These Earth-based stations receive radio 
signals from the GPS satellites and determine the error from their 
known positions. The error is calculated and transmitted to the GPS 
receivers. 

• The U.S. government and several commercial companies provide 
differential correction GPS services. 

• Several commercial geostationary satellite differential correction 
services are available for subscription charges. These systems use 
known Earth-based stations that receive GPS satellite signals and 
determine the amount of error. The corrected signal is broadcast to a 
geostationary satellite, which in turn broadcasts the corrected signal 
to the subscribed GPS receivers.
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Variable Rate Application 

In precision agriculture, variable rate application is an area of invention that focuses on 

the automated precise application of materials to a given location. The application of these 

materials is based on data that is collected by technologies like sensors, GPS and maps. These 

materials are inputs like chemicals, fertilizers, and seeds. The key focus is optimizing crop’s 

production. 

Variable rate application help farmer increase their yields by using optimal levels of 

fertilizer, seed, and chemical in the areas of the farm fields where the inputs are going to add 

the most value, while lowering the inputs in places that they have less impact on returns and 

yields. 

Two basic technologies of variable rate application are: 

1. Map based:  

Map-based variable rate application adjusts the relevant application rate based on a 

generated electronic map, also known as prescription map. The GPS receiver gives the field 

position and a prescription map at a desired rate. The applicator then applies the field position 

and prescription from a GPS as it moves in the field. 

For instance, to develop prescription map that will be used for nutrient VRA in a farm, 

the map-based method should have the following steps: 

 

i. Perform systematic lab analysis and soil sampling for the field. 

ii. Generate a site-specific map of the nutrient properties of the soil of interest. 

iii. Use then an algorithm that will develop a site-specific nutrient prescription map. 

iv. Use that prescription map in controlling a fertilizer variable-rate applicator. 

 

2. Sensor-based 

On the other hand, the sensor-based variable rate application requires no positioning system 

or map. Sensors that are mounted on the applicator measures the soil properties or crop 

characteristics at the same time. The information is then streamed on real-time basis the control 

system calculates the quantity of inputs that are required based on the crop or soil needs. 

Because both sensor based and map based variable system have advantages and 

disadvantages, some manufacturers have made tools that take advantage of the benefits from 

both methods. 

 

 



Benefits 

Generally, variable rate application technology is basically used to detect information 

about a certain field properties and to have a system that would aid in making decisions based 

on that information. The decision made will then determine which input to be applied and at 

what rate or amount.The critical benefit of variable rate application is that it aids in automating 

a lot of agricultural processes while conserving the environment as well. They further increase 

production and efficiency.  

i. Savings on the amount used of fertilizers and other farm chemicals. 

ii. Potential increase in yields brought about by more efficient fertilization and spraying based 

on the actual crop needs and variability of farms. 

iii. Environmental conservation and protection from excess use of chemical and fertilization 

or spraying of chemicals. 

Application of VRA: 

VRA can be used in following areas: 

i. Variable rate seeding: Planters and drills can be made into VRA sensors, by attaching a 

motor or gear box. With this, we can vary the rate of the seeds. The seeding rates can also 

be connected to match the application of agrochemicals. This will effectively change the 

plant population. 

ii. Variable rate weed control:For map-based weed control VRA systems, some form of 

“task computer” is required to provide a signal indicating the target rate for the current 

location. Second, a system for physically changing the application rate to match the current 

prescribed rate is required.  

iii.Fertilizer VRA: crops do not always require a uniform application, as some areas will have 

different nutrient requirement due to their location. Variable rate fertilizers spreaders can be 

used to increase or decrease fertilizers application rates, using a GPS. They can also use” on- 

the-go” sensors, or the combination of the two. The GreenSeeker and OptRx Crop Sensor are 

two commercially available sensor-based systems being used for VRA-Nitrogen. Both sensors 

indirectly assess the level of chlorophyll (greenness) and amount of biomass by calculating a 

vegetation index, NDVI (Normalized Difference Vegetation Index).  



iv. Variable rate irrigation (VRI): it is an essential component of precision irrigation. Water 

savings of around 25% are possible through improvements in application efficiency 

obtained by spatially varied irrigation applications. 



Precision Farming Vegetables
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