UNIT I
IMPORTANCE, SCOPE OF PROTECTED CULTIVATION 
(1)
Definition:
· Protected cultivation is the modification of the natural environment to achieve optimum plant growth. Modification can be made to both the aerial and root environment to increase crops yields, extends the growing season and permit growth during periods of the year not commonly used to grow field crops.

· Protected cultivation may also indicate comprehensive  system of controlled Environmental agriculture in which all aspects of the natural environment are modified for maximum plant growth and economic return

Scope and Importance:
1. Cultivation in Problematic Agriculture Zones

There is about 75 mha of land in India comprising of such problematic conditions as barren and uncultivable, cultivable wasteland, fallow land, desert, sever cold. If a small portion of this area put under cultivation using greenhouse technology, then income generation of local habitat could be increased substantially.

2. Greenhouse Complexes around Metropolitan and Other Big Cities

A conservative estimate revels that there is a large and sustained demand of fresh vegetables, fruits and ornamental plants throughout the year in almost every big city. These big cities also experience the need of off-season and high value crops. To meet the city requirement greenhouse cultivation may be a right option.

3. Export of Agricultural Produce

A agriculture in India is being considered increasingly to reduce the foreign trade deficit and there has been good international market for horticulture produce, especially, flowers from India. Promotion and greenhouse cultivation of export oriented crops seems to be possible source of foreign earnings. Such facilities should be constructed near the lifting point to reduce the burden on transportation cost.

4. Greenhouse for Plant Propagation

Greenhouse technology is being, nowadays, considered as a suitable approach for raising of seedlings and cuttings which require control environment for their growth. The existing nurseries without a greenhouse facility could be converted into a greenhouse for improving the capacity as well as quality of the plant material. Even different type of plant material can be propagated using the greenhouse facility. In temperate climatic zone, the plant propagation through greenhouses would mean a considerable reduction in the total time required for preparation of saplings.

5. Greenhouse Technology as Base for Other Biotechnology

The hydroponics or nutrient film techniques require control environmental condition of growing plants. Similarly, material generated though tissue culture and biotechnological methods also need to be propagated in control environment. Greenhouse technology is the best-suited answer to carry out such type of studies.

6. Cultivation of Rare and Medicinal Plants

India has a wide variety of orchids/herbs, which have been identified for large scale cultivation. The greenhouse could provide the right type of environmental condition for the intensive cultivation of these plants.
Advantages:
· Can be grown in various unfavourable agro-climatic conditions.
· Certain vegetable crops can be grown round the year.
· Quality of produce is superior.
· Higher input use efficiency are achieved.
· Management of insect, pest, disease, weeds is easier.
· Agricultural income per unit area increases.
· Provides excellent opportunity to produce vegetables.
Constraints:
· Basic cost and operational cost very high
· Irregular power supply
· Availability of quality material
· Lack of technical know-how
· Lack of suitable varieties/hybrids for greenhouse cultivation
· Exotic seeds are costly
· Poor performance of indigenous varieties




TYPES OF PROTECTED STRUCTURES
(2)
Types of protected structures:
1. Net house: These are simple framed structures which are of two types:
a) Shade net : These are perforated plastic (high density polyethylene )materials used to cut down the solar radiation and prevent scorching or wilting of leaves caused by marked temperature increases within the leaf tissues from strong sunlight. These are available in different colours i.e. black, green and white and shading intensities ranges from 25% to 75%. Leafy vegetables and ornamental greens are recommended to grow under these structures.
b) Insect proof nylon nets: These are available in different intensities of perforations ranging from 25 mesh to 60 mesh. Nets of higher mesh size are effective to control entry of insects and save crop from diseases.

2. Plastic low tunnels/row covers: These are laid in open field to cover rows of plants with transparent plastic films stretched over steel hoops of about 50 cm height spaced suitably along the rows. Polyethylene film of 30-40 micron thickness is used. Row covers used in vegetable production especially production of seedlings.

3. Plastic mulch: Plastic mulching is a practice of covering the surface around the plant to make conditions more conducive for plant growth through in-situ moisture conservation, weed control, better CO2 exchange for root system and soil structure maintenance.  It permits cleaner crop produce by avoiding the fruit contact with the soil.

4. Trench cultivation: Trench is a simple and cheap structure for growing vegetables in extreme winter even at -15 O C temperature. This harnesses soil and sun heat to create climate for growth of certain leafy vegetables. Trench cultivation has been found sustainable technology for production of vegetables round the year in cold climate.

5. Floating plastic covers: Transparent plastic sheet is used to cover large open field to protect vegetables from frost/snow and low temperature.


6. Greenhouse:  A greenhouse is quasi-permanent structure, covered with a transparent or translucent material ranging from simple home-made designs to sophisticated pre-fabricated structures, wherein the environment could be modified suitable for the propagation or growing of plants. It is used to protect the plants from the adverse climatic conditions by providing optimum conditions of light, temperature, humidity, CO2 an air circulation for the best growth of the plants to achieve maximum yield of best quality.
VARIOUS TYPES OF GREENHOUSES SUITABLE FOR VEGETABLE CULTIVATION
                                                      (3)
Greenhouses are framed structures of variable shape, size, above ground or semi-underground covered with transparent or translucent materials in which crops could be grown under partially controlled environment, which is largely enough to permit normal cultural operations. It is used to protect the plants from the adverse climatic conditions by providing optimum conditions of light, temperature, humidity, CO2 and air circulation for the best growth of plants to achieve maximum yield of best quality.
Classification of greenhouses:
a) Based on cladding material: Greenhouses are covered with transparent or translucent material either fibre or ultra violet stable polyethylene film.
i) Fibre glass greenhouse: These greenhouse plastics consist of polyester resins, glass fibers stabilizers, etc. It has initial light transmission of about 80% and has high impact resistance with service life ranging from 6-12 years.
ii) Single or double polyethylene film greenhouse: The greenhouses are made up of polyethylene material which may be single layered or double layered. Polyethylene films are light in weight. For this double layered is highly preferred as it helps to absorb strong winds and snow sheds and also reduce heat loss during winter by 30-40%.
iii) Ordinary glass house: Using glass as cladding material has advantage of greater light intensity.
iv) Poly carbonate houses: The greenhouses made of polycarbonate sheet which has good light transmission of about 78% but reduces with age. It has excellent impact resistance and low inflammability.
v) Ultra violet stable polyethylene film house: This type of cladding material will last longer.
b) Based on structure: It is based on the material used in the preparation of frame.
i) Wooden framed :  Structure having a span of less than 6m, wood is used for framing. Pine wood is used as it is inexpensive and possess the required strength. Timber is locally available can also be used for construction. These structures run the risk of termite attack.
ii)Pipe framed : Pipes are used for construction of greenhouse. Span is around 12m.
iii)Steel frames: Span is greater than or equal to 15m.Here flat steel or tubular steel are welded together to form a support.
c) Based on cost: The per square metre cost of greenhouse may vary from low to high depending on the material used and facilities provided.
i) Low cost greenhouse: Made up of supporting structure of G.I.pipe, angle iron, steel tubing. For covering ultraviolet stabilised plastic film of 200 micron thickness is used. Does not have any control system.
ii) Medium cost greenhouse: These have a cooling and heating arrangement and may have a double layer or ultraviolet stabilised plastic film.
iii) High cost greenhouse: It has many facilities like auto control mechanism of heating, cooling and humidification system, driup irrigation system, etc.
d) Based on climate control:
i) High-tech/Climate controlled greenhouses: These are constructed to achieve higher degree of climate control to enhance the cultivation period of crops. Evaporative cooling and heaters are used to maintain required temperature inside the greenhouse space. Used for growing high value crops like tomato, cherry tomato, sweet peppers, cucumber.
ii) Semi climate controlled greenhouses: In this kind of greenhouse, climate controlled through exhaust fans with evaporative cooling pads to maintain favourable temperature and humidity during summer. The basic cost of erection is half of climate controlled greenhouse.
iii)Naturally ventilated or low cost greenhouse: These are simple construction greenhouse with low initial cost. The frame may be of G.I.pipes, wooden logs or steel pipes but no heating and cooling systems are provided for the structure..Initial cost is less than half to that of semi-climate controlled greenhouse.
e) Based on shape/structural design:
i) Lean-to type: This design is used when a greenhouse is placed against the side of an existing building. It is build against a building , using the existing structure for one or more of its sides. It is limited to single or double row plant benches with a total width of 7 to 12 feet. Least expensive structure.
ii) Even span type : It is standard type and full sized structure, two roof slopes are of equal pitch and width. Used for greenhouse of small size and constructed on level ground. Cost is more than the lean to type. 
iii) Uneven span type: Constructed on hilly terrain. Roofs are of unequal width, make the structure adaptable to the side slopes of hill. It is seldom used now-a-days.
iv)Ridge and furrow type : This design uses two or more A framed greenhouse connected to one another along the length of the eave. Side wall is eliminated between the greenhouse which result in a structure with a single large interior. Consolidation of interior space reduces labour, lowers the cost of automation, improves personal management, and reduces fuel consumption.
v)Saw tooth type: These are similar to ridge and furrow type greenhouse except that there is provision of naturally ventilation in this type.
vi) Quonset type: in this type the pipe arches are supported by pipe purling running along the length of greenhouse. In general, covering material used is polyethylene. These are typically less expensive than the gutter connected greenhouses and are useful when a small isolated cultural area is required.

PLANT ENVIRONMENT AND GREENHOUSE CLIMATE
(4)
A plant grows best when exposed to an environment that is optimal for that particular plant species. The aerial environment for the plant growth can be specified by the following four factors:
i) Heat or temperature
ii) Light
iii) Relative humidity
iv) Carbon dioxide
While plants have precise optimum environmental conditions for best growth, most are tolerant to variations in these conditions within some limits. However, permanent damage would occur when they are exposed to conditions outside these limits. At the same time, plants are subject to attack by pests and diseases.
Greenhouse crop production provides protection against adverse environmental conditions and allows pests and diseases to be excluded or controlled. Besides providing a protective enclosure, a greenhouse also acts as a 'heat trap'. It admits solar radiation and converts this energy into heat by raising the temperature of the greenhouse air. While this is the basis of the greenhouse's ability to perform its tasks, it also affects other environmental factors.
Environmental conditions inside the greenhouse can be modified suiting to the potential growth of plants. The extent of climate modification will, however, depend on the design of greenhouse and is generally related with its cost. Higher the capability of greenhouse to modify its climate, higher is the cost of its construction.
The way in which a greenhouse gets heated when exposed to sunlight is similar to heating of the earth's surface and its adjacent atmosphere. When solar radiation reaches the earth, a small portion is reflected back into the space while the remainder is absorbed at the surface raising its temperature. In the same way, when solar radiation reaches the greenhouse cover- surface, a small amount (normally 15-20%) is reflected back from the surface while the remainder is transmitted to the interior. Plants, soil and other objects absorb most of this transmitted radiation and remainder is reflected. The absorbed radiation raises the temperature of absorbing surfaces and objects with the heat energy being immediately transferred to the greenhouse air by convection and evaporation thereby increasing the temperature and humidity.
Greenhouses lose heat in three ways:
i) Warm air moves out the greenhouse and is replaced by cooler outside air.
ii) Heat is transferred through the covering material itself.
iii) Heat is lost through the soil / floor.
Increasing the temperature of the growing environment in a greenhouse is unavoidable, but it is also the most important function of a greenhouse. Enhanced temperatures accelerate plant growth, and allow sustaining plant growth even when outside ambient temperatures are unfavourably low. However, during summers, inside temperatures rise higher than the optimum levels and, therefore, cooling/ventilation provisions are necessary.
Most plants grow better within 60 - 85% relative humidity (RH) of air. Low RH increases the evaporative demand on the plant, while high RH can depress this demand inhibiting the uptake of nutrients, particularly of calcium. In general, the RH inside the greenhouses is higher than the outside, mainly due to transpiration load. Effective ventilation is required to control higher RH levels.

LOW COST STRUCTURES
(5)
Advantages:
· Ideal for small holders farmers-simple and affordable
· Suitable for hotspot areas eg. Flood plains
· Profitable
· Low water utilisation
· High quality production of vegetables
Some low cost structures are:
1. Plastic low tunnels
2. Insect Proof Net house
3. Naturally ventilated greenhouse

Plastic low tunnels- Plastic low tunnels are flexible transparent coverings that are installed over single or multiple rows of vegetables to enhance the plant growth by warming the air around the plants in the open field during winter season when the temperature is below 100c. Plastic low tunnels are often used to promote the growth of plants during the period of winter season. Low tunnels are supported above the plants by using hoops of GI wire and a clear or transparent plastic of 30-50 micron is covered/stretched over the hoops and the sides are secured by placing in soil. The plastic is vented or slitted during the growing season as the temperature increase within the tunnels. The farmers can grow different varieties of summer squash (round fruited, long fruited) which is a emerging crop along with cultivation of netted muskmelon varieties in place of traditional varieties. Bitter gourd and round melon are two other crops with increasing demand and which usually fetches very high price during off-season and can be grown successfully by using the plastic low tunnel technology.

Insect Proof Net houses- Insect proof net houses can be made by covering all sides and top with insect proof net of 40 or 50 mesh, but the net should be UV stabilized. Under these net house crops like sweet pepper, tomato chilli or okra can be grown successfully without infestation of viruses or other insects like fruit borer etc. and the growers can save the huge amount spent on pesticides. Cost is Rs 80-100/m2.    
 
Naturally ventilated greenhouse-Naturally ventilated greenhouses are the protected structures where no heating or cooling devices are provided for climate control. These are simple and medium cost greenhouses which can be erected with a cost of Rs.500-600 sq. meter and these greenhouses can be used successfully and efficiently for growing year round parthenocarpic slicing cucumber, off season muskmelon, tomato and sweet pepper crops for 6-7 months duration. These structures are having a manually operated cross ventilation system as and when required.
Others-Low cost polyhouses can also be erected by using GI pipes of 1.0 and 1/2 inch. The 1.0 inch pipe  is useful erecting the side walls upto 6-7 feet in height and on the top the ½ inch size bended GI pipes are fixed in the 1.0 inch size pipes. The width of these structures is 5 to 5.5 feet.  The top of the structure is covered with plastic of 180-200 micron, whereas the sidewalls are first covered with insect proof net of 40 or 50 mesh up to 5-6 feet height from the ground after placing it in soil and a rollable plastic is fixed over the net. During summer one can roll the all side plastic for cross ventilation in the structure and it can be opened during the winter season to increase the inside temperature of the structure. These structures can be used for off-season or virus free cultivation of vegetable or for year round virus free healthy nursery raising of different vegetables. These structures can be made within Rs. 100-110 per m2 cost and the farmers themselves can made these structures according to their requirement.

ORIENTATION AND CONSTRUCTION
(6)
Selection of site for Greenhouse:
Following things are taken into account
1. The selection Site should be free from pollution.
2. Water should be available regularly
3. Supply of electricity (Three phase) should be regular
4. Soil should be properly levelled and drained
5. Poly house should be near to road side means proper approachable road must be there to go to poly house
6. Some space should be there nearby for further extension
7. Expertise and labours should be available when required.

Greenhouse Orientation
· In a free-standing greenhouse, more sunlight is available in winter in an east-west oriented greenhouse
· A freestanding greenhouse should have its long axis perpendicular to the wind direction
· In multi-span greenhouses, the gutter should be oriented north south
· In naturally ventilated greenhouse, the ventilators should open on the leeward side.
Basic Design Considerations
Functional design parameters:
· Light transmission
· Crops
· Size of operation
· Environmental control requirements
· Frame material
· Glazing material
Structural design: The most important function of the greenhouse structure and its covering is the protection of the crop against hostile weather conditions (low and high temperatures, snow, hail, rain and wind), diseases and pests. The different structural designs of greenhouse based on the types of frames are available. The ultimate design of a greenhouse depends on the following aspects: (i) The overall structural design and the properties of the individual structural components. (ii) The specific mechanical and physical properties which determine the structural behavior of the covering materials. (iii) The specific sensitivity of the crop to light and temperature to be grown in the greenhouse. (iv) The specific requirements relevant to the physical properties of the covering material. (v) The agronomic requirements of the crop.



TRAINING AND PRUNING METHODS IN PROTECTED CULTIVATION
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Training: 
When the plant is stalked or tied or supported over a trellis or pergola in certain fashion or some of its parts are removed or trimmed with a view to give the plant a particular shape, this operation is called training.
Training refers to judicious removal of part to develop a proper shape of plant capable of bearing heavy crop load.
Objectives:
· Controls shape of plants.
· Proper distribution of fruit bearing parts
· Control of insect & diseases
· Facilitate interception of sunrays to each and every part of plant.
· Develop balance between vegetative and reproductive growth of plant.
Principles:
· Training should be started from very beginning age of plant
· In plant having prominent apical dominance, terminal bus should be removed to facilitate emergence of side branches.
· Drooping branches need to be removed.

Pruning:
Removal of any excess or undesirable/unproductive branches, shoots or any other parts of plant so as to allow the remaining part to grow normally or according to desire of pruner is called pruning.
Judicious removal of parts like root, leaf, flower, fruit, etc. to obtain good and qualitative yield.
Objective:
· To control flowering and fruiting.
· To remove diseased, damaged, insect infested part of plant
· To remove weak shoots.
· To thin out flower and fruits
· To augment production in plant which bear on new shoots.
· It ensure access to sunlight to bearing shoots.
Principle of Pruning:
· Pruning should be completed well in advance of flowering season.
· Apply Bordeaux paste after pruning to avoid incidence of disease.
· Diseased, damaged and insect infested shoots should be removed
· Avoid injury to plant while pruning.
Training and pruning in tomato:
Tomato plants are pruned to single stem by removing all the lateral shoots, which is commonly referred as suckers. Allowing the suckers to grow and bear fruit would be small and of poor quality. It is better to have one main stem that bears fruit as this will produce larger, more uniform and higher quality fruits. Removing the laterals once per week will keep them under control. It is advisable to leave one or two of small sucker at the top of the plant. A support system of wires above the crop should be rigged. The wire should run parallel to direction of rows. When the plant reaches wire height it is leaned and dropped.
Cluster pruning will also improve size and uniformity .This involves removing small fruits from some cluster, leaving three, four or five of the best ones. Remove misshaped and deformed fruits first. Otherwise remove the smallest fruit which is usually the last one formed on each cluster.


Training and pruning in cucumber:
 Cucumbers are often trained on a string or wire system. Umbrella system is best for seedless varieties. Other systems are tree trellis system, over head vertical line trellis system.

Unit- II
LOAD
(8)
The structure of greenhouse has to carry the following loads and is to be designed accordingly.
Dead Load:
Weight of all permanent constructions, cladding, heating and cooling equipments, water pipes and all fixed service equipments to the frame.
Live load:
Weights imposed by use by hanging baskets, shelves and persons working on roof. The greenhouse has to be designed for a maximum of 15 kg/m2 live load. Each member of roof should be capable of supporting 45 kg of concentrated load when applied at its centre.
Wind load:
The structure should be able to withstand winds of 110 km/hour and at least 50kg/m2 of wind speed.
Snow load:
These are taken up as per average snowfall of location.
Greenhouse should be able to take 
a. Dead load plus live load    or
b. Dead load plus wind load plus half live load

CONTROL OF TEMPERATURE AND LIGHT
(9)
Crop production can become highly accelerated through the use of greenhouse environment control system or automation. With this form of environmental control the greenhouse stays constant to provide optimal conditions that are most favourable for maximum yield. Management of greenhouse environment is directed at optimising the photosynthesis process in the plants, the plant’s ability to utilise light at maximum efficiency. The important factors which are manipulated to grow vegetables in greenhouses are as follows:
Temperature:
· During summer inside temperature rises higher than that of optimum levels for this evaporative cooling/ventilation provision is there.
· Forced air heaters-installed in ridge area of greenhouse which require a minimum space. Sufficient BTU (British Thermal Unit) output to heat the greenhouse on the coldest day.
· Natural and compressed gas heaters should be rented for safety, to prevent crop damage.
· Thermostat located at plant level where: plants are growing where sunlight do not directly affect them.
· For heating, electric heaters, gas heaters, paraffin heaters are used.
· For cooling, wind ventilation system, chimney ventilation system, fan ventilation system, hinged ventilators, automatic vent operators, extractor fans are used.
Light:
Greenhouse crops grow best in light whose wavelength range from 400 to 700  nanometers. Different ways of controlling light intensity and photoperiod in greenhouse are 
· Shading nets- The best is made of a thin layer of aluminium foil attached to a layer of black plastic strip fixed with nylon fibres. More expensive system.
· High pressure sodium lamps-Most effective type of supplemented light but the cost of investment is high. 
· Incandescent lamps as supplementary lighting as they are cheap.
· Fluorescent lamps produce linear light that gives off more efficient and uniform lighting than incandescent types.


CONTROL OF CO2 AND HUMIDITY
(10)
CO2 :
Inside an un-enriched greenhouse, the CO2 concentration drops below the atmospheric level whenever the CO2 consumption rate by photosynthesis is greater than the supply rate through the greenhouse vents. The solution is to increase the ventilation rate through forced air, to improve design and management of the ventilation system, or to provide CO2 enrichment to enhance crop photosynthesis under the low radiation conditions. Enrichment reportedly increases crop yield and quality under a CO2 concentration of 700-900 µmol mol-1. One of the main restrictions is the short time duration available for an efficient use of CO2 enrichment, due to the need to ventilate for temperature control .The fact that greenhouse have to be ventilated during a large proportion of the daytime makes it uneconomical to maintain a high CO2 concentration during the daytime. However, supplying CO2 even when ventilation is operating to maintain the same CO2 concentration in the greenhouse as outside and enriching to levels of about 700-800 µmol mol-1 during the periods when the greenhouse is kept closed, usually in the early morning and the late afternoon.
Optimal CO2 enrichment depends on the margin between the increase in crop value and the cost of providing the CO2 gas. Attempting to establish the optimal concentration by experiment is not feasible because the economic value of enrichment is not constant but varies with solar radiation through photosynthesis rate, and with greenhouse ventilation rate through loss of CO2. The optimal CO2 set point depends on several influences: the effect of CO2 on the photosynthetic assimilation rate, the partitioning to fruit and to vegetative structure, the distribution of photosynthate in subsequent harvests, and the price of fruit at those harvests, as well as the amount of CO2 used, greenhouse ventilation rate and the price of CO2. The reduction in production caused by depletion is comparable to the reduction resulting from the lower temperature caused by ventilation to avoid depletion, compensating the effect of depletion is much cheaper than making up the loss by heating. The two principal sources of CO2 for enrichment are pure gas and the combustion gases from a hydrocarbon fuel such as low sulphur paraffin, propane, butane or natural gas.
 
Dehumidification:
Condensation is a symptom of high humidity and can lead to significant problems, including germination of fungal pathogen spores, including Botrytis and powdery mildew. Condensation occurs when warm, moist air in a greenhouse comes in contact with a cold surface such as glass, fibreglass, plastic or structural members. Condensation can be a major problem and it is unfortunately one which, at least at certain times of the year, is almost impossible to avoid entirely.
How to dehumidify greenhouse?
· Combined used of heating and ventilation systems
· Absorption using a hygroscopic material
· Condensatoin on cold surfaces
· Forced ventilation usually with the combined used of a heat exchanger
· Anti-drop covering materials
The use of anti-drop covering materials is an alternative technology for greenhouse dehumidification. (The “anti-dripping” films that contain special additives which eliminate droplets and form instead a continuous then layer of water running down the sides) The search for anti-drip cover materials has been mainly focused on the optical properties of the cover materials.
When to dehumidify?
Dusk: Reduce humidity to 70-80% as night falls to prevent condensation.
Dawn: Reduce humidity to prevent condensation, and jumpstart transpiration as the sun rises.



DRIP IRRIGATION
(11)
Irrigation is an important aspect for horticultural crops in arid and semi arid regions. Proper supply of water and nutrients to plants is essential to ensure timely maturity, desired yield and acceptable fruit quality. Drip irrigation is one of the most efficient methods of water and nutrient application to horticultural crops and is being promoted to enhance water productivity and nutrient use efficiency amid concerns over water availability and environmental degradation. It is a method of irrigation where water is carried through a pipe system to the point of application and water is applied in the form of droplets at targeted spots (root spread area), leaving some of the space between the crops as dry. 
[image: C:\Users\HP\Desktop\notes 1st yr\online-drip-irrigation-system-500x500.jpg]


                                                     Drip irrigation System

Irrigation: Assessment of water requirement of the crop/plant under consideration is essentially an important step for the design and operation of any irrigation system. The importance of quantification of water requirement can be gauged from the fact that, despite the irrigation practices being used since time immemorial, experiments are still continuing to assess water requirement of different crops. Traditionally, irrigation systems apply a known depth of water based on moisture storage capacity of soil and frequency of application is decided based on consumptive use rate of the crop. Under drip irrigation system, frequency of application is a management decision depending on operational aspect of the system as well as crop response to the frequency of water application and water holding characteristics of the soil.
In general, any water deficits that reduce plant transpiration also decrease the production of biomass in all crops. However, for many tree crops where the fruit is the economic product, a reduction in biomass production does not always result in a parallel reduction in fruit production. It has long been known that fruits from trees grown under water deficits tasted better than those from fully irrigated trees. There are several advantages of deficit irrigation including improved fruit quality (for specific fruits) coupled with water savings. Nevertheless, some quality parameters, such as fruit size or appearance, may be negatively affected. Basically, there are two methods to implement deficit irrigation for a crop: (1) by reducing the amount of irrigation water applied, and (2) by increasing the period between irrigation cycles. Both strategies are easy to implement with drip irrigation.
Tree transpiration demand under a given climate is governed by its growth habit (evergreen vs. deciduous), canopy size and architecture, developmental stage, and stomatal behaviour. For most species the horizontal projection of their canopies seldom covers more than 70-75 percent of the ground. This is because their growth is often controlled by pruning to allow mechanization and to achieve a more even distribution of direct solar radiation to fruiting branches. As per the standard procedure crop consumptive use requirements for a mature orchard is estimated as [maximum value is considered for deciding design flow rate of the system]
𝐸𝑇  = 𝐾𝑐  × 𝐸𝑇0	
Where, ETc: maximum evapotranspiration from a crop; Kc: crop coefficient; and ET0: reference evapotranspiration. Kc should be reduced by 10 to 30 % if mulching is practiced.



FERTIGATION
(12)

Fertigation implies the application of fertilisers through pressurized system, thus forming nutrient containing irrigation water desired concentration as per the crop need. The right combination of water and fertilisers have key role in greenhouse vegetable production for good quality and productivity.
Forms of fertiliser for Fertigation:
a) Liquid Fertiliser: These are solutions which contain one or more plant nutrients in liquid or suspension form.
b) Water Soluble Fertiliser: The wholly water soluble fertilisers are present in solid form which are completely soluble in water carrying two or more major as well as micro-nutrients traced as alternative to liquid and conventional fertiliser.
Suitable conditions for fertigation: 
The factors affecting the fertigation involves the irrigation system, quality of water, solubility of fertilisers and compatibility of fertilisers. The most suitable method of an irrigation system for fertigation in accuracy of water application which largely depends upon proper designing and installation of drip system and availability of correct equipment for injecting fertilisers.
Method of fertigation:
There are number of techniques which can be used to add fertilisers into the irrigation system. These may be drip irrigation, micro-sprinklers, micro-jets or sprinkle irrigation.
Fertilisers can be added into drip irrigation system by selecting appropriate equipment from wide assortment of available pumps, valves, venturies, etc. The size and the capacity of addition system depends upon concentration, grade and frequency of application. The equipments used for fertiliser application are described as follows:
a) Ventury: The system of injection is of very low cost, grid works by creation of a practical vacuum in the system and suction of fertilisers into the irrigation stream.
b) Fertiliser tank: In this system a part of irrigation water is diverted from the main line to flow through a tank containing fertiliser in fluid or soluble solid forms before returning into the main line.
c) Fertiliser injection: These are piston or diaphragm pumps which are driven by the water pressure of the irrigation system, and as such injection rate is proportional to the flow of water in the system.
Precautions during fertigation:
· Fertiliser tank must be used to inject water soluble fertiliser solution.
· Fertigation should be done in the last half an hour of total irrigation period and then continue drip for another about 5-6 hours after completion of fertigation.
· Concentration of solution should never exceed more than 10 percent.
Other important considerations for irrigation and fertigation include:
· Fertigation frequency, in most situations, is not as important as a correct amount of application of nutrients to the crop during a specified period. On very sandy soils, more frequent fertigation might be necessary to avoid leaching losses. During rainy season, a bulk injection of larger amount of fertilizer might be needed to fertilize a crop when no water is required.
· Phosphorus should not be introduced into the drip lines if soluble Fe ions are present in the water. Once iron phosphate precipitates occur, flushing the system with nitric acid to dissolve the chemical precipitates is the only way to remove the precipitates from the irrigation lines.
· The performance of a micro-irrigation system may rapidly deteriorate if it is not routinely maintained by checking for leaks; backwashing and cleaning filters; periodic line flushing; chlorinating; acidifying (if necessary) and cleaning or replacing plugged emitters.
· Post installation system monitoring is essential to ensure optimum performance/ sustainability. Therefore, select a dealer with capability to provide professional/technical service.
· Check the wetted area at the surface for different plants. Any variation in the area of wetted surface, for fields with uniform soil types, indicates non uniform water application thereby indicating the need for some remedial measures.
· Drip irrigation system may not prove to be effective if it is to be used for old orchards previously being rainfed or being irrigated with surface methods. Micro sprinkler (35- 250 lph), bubbler (270-480 lph) or basin irrigation may be more suitable for such old orchards having spread root system. However, drip irrigation system may be more suited and economical for newly grown orchards or high density orchards.

MACHINARY
(13)
Several machinery have been developed to mechanise nurseries. They are as follows:
· Media Siever:
It is a motorised rotary screen type media siever useful for Farm Yard Manuare, Vermicompost, Cocopeat, Sand and soil and remove all the particles larger than 1.5mm in the form of stones, clods, straw, etc. The capacity of machine is 1tonne/ha and is operated by 0.5HP motor.
· Batch type Media Mixer:
An electric motor operated batch type media mixer has been provided with peddle type agitators cum conveyors on a shaft rotating at 9 rpm for thorough mixing. The mixer has a capacity varying from 0.2tonnes to 0.5 tonnes/batch and takes 5 minutes for thorough mixing of sand, FYM, Vermicompost, Coco-peat, etc.
· Protray Filling Machine:
This is suitable for big nurseries and has a capacity of filling 400 protrays or 39,200 seedlings per hour. The machine mixes media, conveys it to bucket conveyor. The bucket conveyor takes the media to the filling hopper. The empty trays are placed on continuous belt by conveyor. Media is filled into the trays.
· Protray seeding machine:
The neutrali filled by tray filling machine are conveyed to the watering pipe fitted with seven nozzles. The machine is suitable for 98 cells.
· Plate type dibbler:
This is suitable for small nurseries. It dibbles depression/holes in standard 98 cell eutrali, the capacity is 100 trays per hour. The dimension of the depressions is created by the dibbler with 12mm diameter and 15mm depth. It needs one person to operate it.
· Plate type vacuum seeder:
The tray type vacuum seeder to pick up 98 seeds at one time using the suction of 0.5 kg/cm2 is created by1 HP vacuum pump has been developed. The seeds are sown into the cavities by cutting of the vacuum.
The seeding capacity is upto 50 protrays per person per hour. 
· Protray transport system:
The trolley for transport of media filled neutrali and neutrali with grown up seedings has been developed. The capacity of the trolley is 80 protrays for media filled neutrali and 16 for grown up seeding neutrali.
· Tray type depopper:
A tray type depopper for standard 98 cell.
· Other equipments:
The commercially available baby boilers can be used to sterilize the media in filled bags.
The steam sterilization needs only one hour treatment at 80 to 1000C for one hour in comparison to one week for chemical sterilisation.

Unit-III
NURSERY MANAGEMENT
(14)

For successful protected cultivation seedling should be raised in high tech nursery only. High- tech nursery can be established as a small- scale industry in major vegetable growing areas especially in peri – urban areas. By this way the vegetable growers can get virus free, healthy and off season seedling as per their requirement generating extra employment to rural youth.
Plug – Tray Nursery raising
Vegetable seedlings or nursery can be raised in a number of containers. Plastic trays are standard ones used worldwide. Generally, plastic trays or portrays having different sizes of cells are used for raising seedlings. Generally, plastic trays or portrays having different sizes of cells are used for raising seedlings. These trays helps in proper germination, provide independent area for each seed to germinate, reduce the mortality rate, maintain uniform and healthy growth of seedlings, are easy in handling and storing, reliable and economical in transportation . These nursery trays may be fixed in thermocol base trays having same number and size of cavities before filling media. If thermocol base is not available only trays placed on floor or firm base may be used. Mostly artificial soilless media is used for raising healthy and vigorous seedlings in plastic portrays. Mainly three ingredients- cocopeat, vermiculite and perlite are used as root medium for raising nursery. These ingredients are mixed in a 3:1:1 ratio before filling in plastic portrays.
Root Medium
Coco peat: It is completely free from infestation of any pest or pathogen. It is commonly used as a medium for raising nurseries of vegetables and ornamental plants.
Perlite: It is light rock material of volcanic origin. it is essentially heat – expended aluminium silicate rock. It improves aeration and drainage. Perlite is neutral in reaction and provides almost no nutrients to the media.
Vermiculite: It is heat expended mica. It is very light in weight and has minerals for enriching the mixture (magnesium and potassium) for enriching the mixture as well as good water holding capacity. Neutral in reaction (pH), it is available in grades according to sizes.
Sowing and after care:
Seeds true to type and of good quality should be purchased fresh for each growing season. Seeds are usually planted in shallow depth after pressing the media with finger in a gentle way into the potting plugs or cells which filled with media. After sowing of seed, a thick layer of vermiculite is given to cover for better germination as this media has water holding capacity. These portrays are kept in germination room at optimum temperature for early and better germination. Water is applied after sowing of seeds in each tray. Hundred percent humidity is maintained and when level comes down irrigation is applied. For raising good and healthy seedlings, optimum EC of irrigation water should be 1.6 to 1.7 with pH of 6.6 to 6.7. Nutrients are applied in form of water soluble N:P:K (1:1:1) @ 140 ppm once a week through the fine sprinkler to maintain the uniformity .
Hardening of vegetable seedlings before transplanting in the main field is very essential for reducing transplanting shock and also to have better crop stand. Plants should be gradually hardened or toughened by acclimatizing them to anticipated growing conditions of fields, at least a week before planting them in main field. This is done by slowing their rate of growth to prepare them to withstand such as chilling, drying winds, shortage of water or high temperature. Generally, seedlings of all vegetables become ready for transplanting 28-30 days after sowing in plug tray.
Advantages of high tech nursery raising:
· Seedling can be raised under adverse climatic conditions where, it is not possible otherwise.
· Healthy seedlings can be raised.
· There is no chance of soil-borne fungus or virus infection to seedling as the nursery is grown in soilless sterilized media.
· Drastic reduction in mortality in transplanting of seedlings as compared to traditional nursery raising.
· Early / offseason planting is accomplished by raising such nursery.
· Easy transportation
· Weed free
· Better root development
· Approximate cost of nursery raising in a year is 3 to 4 lakhs and net profit of 4 to 6 lakh / 1000 m2
· In this technology seed rate can be reduced to the 30-40% as compared to open field.
· Saving the fertilizer and water of use of plug tray nursery.

                                      GRAFTING
                                             (15)
Wedge grafting
· Wedge grafting is a relatively easy method of propagation.
· Success percentage is higher than that of budding.
· The plants grafted with wedge method takes less time (9-12 days) for sprouting and plant gets ready for sale within five months from day of grafting operation.
· The grafted plants showed very high field establishment on account of undisturbed tap root system.
· The major advantage of this technique is that, plants get higher success rate with the help of polythene cap even at low temperature (during winter season).
· After grafting, if scion dies for any reason, the split portion is beheaded and rootstock can be used for further grafting.

Steps:
· Prepare the rootstock seedlings by removing side shoots frequently. Newly emerged stock shoots of 1 year old rootstock, seedlings having bronze coloured leaves are selected for wedge grafting.
· Select 5-7 months old seedlings having straight growth and thickness of 0.8 to
1.25 m in diameter. 
· For high success temperatures of 30-32oC are ideal.
· Scion wood to be used is defoliated 7- 10 days prior to grafting.
· In winter season defoliation can be done on the same day of detaching.
· Leaf blades are removed leaving the petioles from the scion sticks, wrap them in polythene and store in cool place preferably at 5-60C.
· Dip the scion sticks in 0.1% Bavistin solution before storing.
· Thickness of stock shoot and scion stick should be the same.
· After the grafting process is over, it is secured firmly using 1.5 cm wide, 4.5 cm long and 200 gauge ployethylene strip without leaving any air pocket.
· This can be performed in open field or containers.
· With use of poly and net house, grafting operation can be continued almost year round.
· Sterilize the budding knife and other tools in 1-2% sodium hypochlorite sol.
· After 5 months the plants are shifted in open for few days before these are ready for sale.
Criteria for selection of mother plants:
· Mother plants of the variety should be genetically true to type.
· The plants should be healthy and free from any diseases, pest infestations and physiological disorders.
· The plants should have known pedigree records regarding bearing potential, fruit quality and problems, if any.
· The plants should be precocious and prolific bearer.
Criteria for selection of rootstock:
· Dwarfing /semi-dwarfing in nature
· Compatibility	with	the	known commercial varieties
· Resistance/tolerance to biotic and abiotic stresses.
· Rootstocks	should	have	well developed root system.
· Easy to propagate by vegetative means
Sanitation for better success:
· For all propagation work, it is necessary to use clean growing medium, sterile containers, a sanitized bench, and pathogen­ free plant materials.
· Soil pathogens may contaminate the soil mixture. Small outbreaks of diseases can be controlled by using appropriate fungicides.
· Propagating media can easily be pasteurized by steam, chemicals or solar radiation.
· Expensive equipments and training of personnel are necessary for pasteurization or sterilization of propagating media.
· A temperature of about 71 °C for 30 minutes is considered sufficient to kill almost all pests.
· Drenching the medium with certain fungicides, such as Captan, Fytolan or Brassicol (1 g/litre water), is also useful in eliminating pathogens from the medium.
· Besides a clean and sterile medium, disinfection of pots, flats, greenhouse benches, watering cans and other garden tools, general cleanliness is also necessary to avoid recontamination of the medium.
· Pots, flats and propagating benches can be sterilized with steam, boiling water or 2 per cent formaldehyde.


SOIL LESS MEDIA
(16)
Different types of soil less media:
1. Peat: Consist of remains of aquatic, marsh bog or swamp vegetation, preserved under water in partially decomposed state. Stable source of organic material that holds a great deal of water and air. It is quite acidic (pH-3.5 to 9.0) and limestone added to adjust the pH.
2. Perlite: Grey white silicaceous material of volcanic origin mined from lava flow. It is neutral in Ph and negligible cation exchange capacity. Although cost are moderate but it is effective amendement for growing media.
3. Vermiculite-It is micaceous mineral, expands markedly when heated. It is hydrated magnesium-aluminium-iron silicate. It is light in weight , neutral in reaction and insoluble in water.
4. Sphagnum moss-It is hydrated remains of acid bog plants such as Sphagnum pappilosum and Sphagnum palustre. It is sterile and light weight with high water holding capacity. It is able to absorb 10 to 20 times weight of water. It contains small amount of minerals.
5. Leaf mould: Leaf types, maple, oak, sycamore and elm are suitable for leaf mould. After composting of leaves to 12 to 18 months , leaf mould is ready for use. It may contains nematodes as well as seeds or noxious insects and diseases, so it should be sterile before use.
6. Bark: It is partially composted and screened material of plant origin. It is beneficial to obtain bark from local source s to avoid cost of transport.
7. Rockwool-Produced by burning a mixture of coke, basalt, limestone and possibly slog from iron production. Composition is 60% basalt, 20% limestone, 20% coke. It is formulated to prescribe higher density to provide the air and water holding requirements of plants.
8. Polystrene Foam: It helps in bringing improved aeration and light weight to root substrate. Consist of white synthetic product containing numerous closed cells filled in air. It is extremely light, does-not absorb water and has no appreciable CEC.
9. Sand: Basic component of soil, particle ranges in diameter 0.05mm-0.25mm. Least among all in organic amendements. The heaviest which may result in prohibitive transportation cost.
10. Rice hulls: By products of rice milling industry. Extremely light in weight and very effective in improving drainage.
11. Calcinated clays: These are formed by heating montmorillonite clay minerals to approximately 690o C. The pottery like particles formed is six times as heavy as perlite. They have relatively high cation exchange as well as water holding capacity. They are very durable and useful amendment.
12. Bagasse: It is a waste by product of sugar industry. It may be shredded and or composted to produce material which can increase the aeration and drainage properties of container media.
13. Coco-peat: It is a by product of coconut husk. After grinding the husk, coco peat is ready. It is considered best in providing aeration, drainage and life to media.
14. Sawdust and shavings: These are by product of lumber mills. It is close to neutral in pH when thoroughly composted.
Advantages
· Growers who do not have their own field are also able to grow vegetables other crops.
· It has wide adaptability to produce vegetables in greenhouses, kitchen gardens, in the houses and in the areas where suitable soil areas are not present.
· Soil-less culture media is free from pathogens and nematodes.
· It provides good aeration and drainage.
· Nutrient control: complete analysis of soil-less culture media is possible, which economizes the fertilizer use.
· Labour economics: Less handling time, sterilization, weeding, fertilizer application and watering.
· The light weight of soil-less substrates reduces the cost of transportation.



BENCHES
(17)
a) Floor as benches
Growing plants directly on the floor in conjunction with ground floor heating systems using the floor for growing plants is gaining popularity, but the cement must be laid exactly level in order to achieve an even distribution of water when flooding floors. Porous concrete floors may be expanded in width to serve as “benches”. The main advantage is the porosity offered and the lowered cost from bypassing above ground structures. This system works well for some species. However, the added fatigue on employees may not be worth the initial savings when considering the strain of working at an awkward position.
b) Raised benches
Bench Arrangement
Maximum utilization of growing facilities is largely based on the amount of growing area achieved. Benches in the peninsular design may result in a greater growing area than if they were in a longitudinal arrangement. The peninsular design also allows many species to be conveniently segregated, which can be a real advantage for retail growers. However, many growers have found routine tasks such as watering much easier on longitudinally placed benches.
Lastly, non-stationery benches, which provide even more growing space, are gaining popularity with growers. Movable benches, known as rolling benches, can increase efficiency up to 90 percent of the floor space. Bench platforms are moved by a crank at the end of the bench from side to side. Some can be moved by hand by sliding the benches over the top of long steel poles. Aisles are created where the grower wants to work at any given time. Rolling benches are easy to move by practically any labourer, which is an added bonus. Movable benches, however, are not appropriate in a retail setting or where plants must be accessed frequently. Retailers are better served by staying with conventional benches such as the longitudinal, peninsular, or other comparable type designs. 
Bench Space Efficiency
Benching efficiency is defined as the square feet of bench space to the entire greenhouse floor area. This number is expressed as a percentage.
Bench Design
An alternative to conventional benching systems is the ebb and flow (flood or sub irrigation) benches. Metal or wood benches are replaced with watertight, molded plastic trays. Trays are periodically flooded with water and desired fertilizer concentration, which can be taken up throughout the plants via capillary action. This system has such advantages as reduced and uniform applications of water and fertilizer. Excess water and fertilizer are collected after each flood and drain cycle to be recirculated later. Up to 50 percent reductions in water and fertilizer savings. Labour costs will also be reduced since the entire bench can be watered at the same time. An added benefit is that foliage will stay dry and plants can be grouped closely for greater production efficiency.


Materials for benches:
a) Wooden benches- Locust, cedar, redwood, and cypress are all woods highly resistant to decay. Paint benches before use with copper naphthenate or other preservatives to augment the natural decay resistance of the wood chosen.
b) Concrete- These benches are permanent and do not allow for change later. Concrete benches are durable and will not require additional treatment to prevent decay such as with wood. They may be reinforced with steel rods, when poured, for additional durability. Lastly, consider drilling holes in the base of the bench for proper drainage.
c) Metal- Entire metal or steel benches are used alone or in combination with another material. Advantages of galvanized metals over wood are the longevity and resistance to rot and decay. Metal benches may be expensive to install initially, but can be considered a one-time cost. Also consider the lowered maintenance costs when these types of benches are used.
d) Temporary or portable benches-
i) Plastic- Although plastics are becoming more common for bench beds, plastic frames are not always desirable. They are often not as durable or able to support as much weight as other benching materials.
ii) Pallets - Another portable bench system can be inexpensively constructed by placing pallets on cement blocks for support. Besides the low cost, this portable display can be easily and quickly disassembled.


CONTAINERS
(18)
Selection of suitable containers depends upon the crop to be produced in greenhouse, plant characteristics like crop stage, duration, vigour, growth habit, root system, etc. Generally long duration, deep rooted and vigorous crop plants require bigger containers compared to short duration, shallow and less vigorous ones.
Advantages:
· Increases production capacity by reducing crop time.
· High quality of the greenhouse product
· Uniformity in plant growth with good vigour
· Provide quick take off with little or no transplanting shock.
· Easy maintenance of sanitation in greenhouse
· Easy to handle, grade and shift or for transportation.
· Better water drainage and aeration in pot media.
· Easy to monitor chemical characteristics and plant nutrition with advanced irrigation systems like drips.
Type of containers
1.Plastic- The most common and inexpensive type of planter is the plastic planter. These are available in a multitude of sizes, shapes and designer colors and range in price from downright cheap to the more expensive designer lines. These planters are available with or without drainage trays and with smooth or textured surfaces. These containers are water-tight and non-porous.
2.Ceramic- Ceramic planters are usually slightly more expensive than plastic planters. They are also available with or without water drainage trays. Ceramic containers come in natural, textured surfaces or painted and glossy finishes. Some are hand-formed, imperfect and artistic.
3.Wood- Wood planters are less common than other types. Custom planters commonly constructed in wood, come in a variety of finishes and can give a particular decor a natural look. These planters should be lined with a non-porous material because wood can stain and rot if water-soaked. Wooden planters can be treated with a preservative, using only products recommended for applying to wooden greenhouses and avoiding those like creosote that could harm the plants.
4.Fiberglass- Fiberglass planters are used widely in commercial plantings. The surface is durable and easily formed into different custom shapes for any look. They can be given many different surface textures and painted any colour or pattern imaginable. They are water-tight; ridges are often built into bottom surfaces to provide drainage isolation. 
5.Metal- Metal planters provide a nice accent for plants. The most common metals used in planter construction are brass, copper, stainless steel and aluminum. Wrought iron is also commonly used as a decorative container. Metal surfaces range from antique to highly polished to brushed. Metals require more maintenance than other surface materials. Treating of surfaces with sealants can reduce the tendency for tarnishing and minimize maintenance. Most metal containers do not provide drainage and are used primarily as outer covers for plant containers.
6.Clay/Terra cota- Clay pots can be used for interior display. Because they are porous, it is necessary to place pots on a waterproof tray to catch excess water and prevent bleeding of moisture through the pot onto carpet, floor or other surface areas.

GREENHOUSE CULTIVATION OF CAPSICUM-I
(19)
Climate:
· Cool season crop
· Day temperature of 300C is favourable
· Higher temperature results rapid growth and affects fruit set
· Lower night temperature(200C) favours flowering and fruit set
· Shading and fogging are required during summer to avoid temperature build up in greenhouse
· Moderately high RH (50-60%) is preferred which can be managed by regulating ventilation
Hybrids:
· Capsicum hybrids are indeterminate growth habit which are suited for greenhouse cultivation and grows upto 2mt and utilises the greenhouse space.
Nursery:
· Use vermicompost + sand(1:1)
· Fill portrays with it and tap gently to fill cells properly
· Drench portray with 0.3% copper-oxychloride solution.
· Seeds are to be treated with fungicide like Captan(2g/100g of seed)
· Fill portrays with seed i.e. one seed per cell to a depth of 0.5 cm.
· Cover seeds with growing media, water lightly.
· Seeds germinate in 5 to 7 days
· Seelings ready for planting after 30 to 40 days of sowing.
· About 20 g seed is required for 500m2 greenhouse area.
Growing medium:
· Sandy soil and well decomposed FYM mixed in 1:1 proportion, is best suited.
· In heavier soil mixing with sand up to 25% is required to provide proper aeration in root zone.
Growing bed:
· Soil should be fine tilth
· Beds of 100 cm width and 15 cm height leaving 50 cm working space between beds.
· Add 43 kg of FYM per m2 of bed for first crop and mix thoroughly
· For subsequent crops add 20 kg of FYM/m2 of bed
· For disinfecting beds, drench it with 4% formaldehyde solution and cover with black polyethylene sheet(400 gauge)
· Close all ventilation space
· 3 to 4 days after spraying remove polyethylene sheet and rake the bed repeatedly to remove the trapped formaldehyde fumes completely before transplanting.
· Disinfecting done once in a year.
Fertiliser Application:
· NPK dose is 50:50:50 kg/ha respectively
· Apply neem cake and Trichoderma formulation(200g/m2) just before planting but only after formaldehyde fumes are completely exhausted.
Laying of drip line:
· Placing one inline drip lateral at the centre of bed.
· Inline drip lateral should have an emitting point for every 30 cm interval with discharge of 2lt/hour.
Mulching:
· Use 100 micron thickness, opaque polyethylene mulch film(black/reflective mulches) of 1.2 mt width to cover the planting bed.
· Make holes of 5 cm size on mulch film as per recommended spacing(45 cm x 30 cm).
· Water the planting bed to field capacity and then cover the planting beds with mulch b y securing edges of sheet with pegs or burying in soil.
Transplanting:
· Seedlings of 35 to 40 days old, vigorous and uniform size are selected for planting.
· Drench the portrays with seedlings with Bavistin(0.1%) in early morning hours or previous day evening.
· Transplant in early morning.
· Remove seedlings from portrays by giving slight pressure from bottom of individual cell.
· Recommended spacing 45 cm x 30 cm at a shallow depth of 2-2.5cm.
· Care should be taken to plant seedlings exactly in centre of holes in mulch film.
· Water the beds with rosecane immediately after transplanting.


GREENHOUSE CULTIVATION OF CAPSICUM-II
(20)

Irrigation:
· Drip irrigation given daily to replenish 50% of open pan evaporation.
Fertigation:
· Plants are fertigated with total 150:150:150 kg of NPK respectively using water soluble fertilisers(19:19:19 WSF)
· Start fertigation from 3rd week after transplanting.
· Fertigate crop twice a week.
Pruning:
· Prune capsicum plant to 4 stem.
· Prune at weekly interval starting from 15 to 20 days after transplanting
· It shows dichotomous branching.
· The tip of plant split into two at 5th and 6th node at first and these two branches again splits into two giving rise to four branches.
· Maintain only these four main branches
· Prune all flowers that appear till one month after transplanting.
· Only one fruit per node is allowed to develop.
Training:
· Train plants along a plastic twine.
· Each branch should have separate plastic twine to trail along.
· Tie the branch to the twines with gunny twine.
· Tying plants to the plastic twine starts from 6th week after planting at 20 to 30 days interval.
Harvesting:
· Harvesting starts 60 days after transplanting in case of green, 80 DAT in yellow, 90 DAT in red.
· Mature green capsicum/coloured fruits weighing 150 to 250 g is harvested.
· Harvested fruits are kept in cool place to avoid direct exposure to sunlight.
Yield:
· An yield of 100 to 120 t/ha (green and yellow) after 6 to 7 months
· Average fruit weight varies from 180 gm in initial harvest to 100 gm in last harvest
Storage:
· Temp of 7 to 8 0 C enhance storability to 45 to 60 days.

Diseases:

1. Damping off:
Symptom-wilting of seedlings
Control-Bavistin(1g/L), Blitox3g/L)
2. Powdery Mildew:
Symptom-Powdery growth on under surface of leaf
Control-Karathane(1ml/L)
3. Cercospora leaf spot:
Symptom-shoot hole
Control-Dithane Z-78 (g/L)
             Pests: 
1. Thrips:
Symptom: upward curling of younger leaves
Control: Drenching of beds with chloropyriphos1.5 ml/L @ 4L /m2
2. Mites:
Symptom: downward curling of younger leaves
Control: Vertimec 0.5 ml/L, Dicifol 2ml/L

                  GREENHOUSE CULTIVATION OF TOMATO-I
                                                            (21)
Climate:
· Day temperature of 28 0 C and night temperature of 18 0 C is ideal for its growth.
· Fruit set is affected at temperature higher than 35 0 C 
·  RH of more than 90 percent.

Hybrid:
· Hybrids with indeterminate growth habit are suitable.
· Hybrids grow to a height of 15 feet and above which utilises greenhouse space, both horizontal and vertical.
Nursery:
· Use vermicompost + sand(1:1)
· Fill portrays with it and tap gently to fill cells properly
· Drench portray with 0.3% copper-oxychloride solution.
· Seeds are to be treated with fungicide like Captan(2g/100g of seed)
· Fill portrays with seed i.e. one seed per cell to a depth of 0.5 cm.
· Cover seeds with growing media, water lightly.
· Seeds germinate in 5 to 7 days
· Seelings ready for planting after 30 to 40 days of sowing.
· About 20 g seed is required for 500m2 greenhouse area.
Growing medium:
· Sandy loam soil and well decomposed FYM mixed in 1:1 proportion, is best suited.
· In heavier soil mixing with sand up to 25% is required to provide proper aeration in root zone.
Growing beds:
· Soil should be fine tilth
· Beds of 100 cm width and 15 cm height leaving 50 cm working space between beds.
· Add 43 kg of FYM per m2 of bed for first crop and mix thoroughly
· For subsequent crops add 20 kg of FYM/m2 of bed
· For disinfecting beds, drench it with 4% formaldehyde solution and cover with black polyethylene sheet(400 gauge)
· Close all ventilation space
· 3 to 4 days after spraying remove polyethylene sheet and rake the bed repeatedly to remove the trapped formaldehyde fumes completely before transplanting.
· Disinfecting done once in a year.
Fertliliser Application:
· NPK dose is 50:50:50 kg/ha respectively to the growing beds before fumigation
· CAN-20g/m2, SSP-30g/m2, MOP-9g/m2
· Apply neem cake and Trichoderma formulation(200g/m2) just before planting but only after formaldehyde fumes are completely exhausted.
Laying of drip line:
· Placing one inline drip lateral at the centre of bed.
· Inline drip lateral should have an emitting point for every 30 cm interval with discharge of 2lt/hour.
· Before covering the polyethylene mulch, check the emitting point for uniform discharge of water.
Mulching:
· Use 100 micron thickness, opaque polyethylene mulch film(black/reflective mulches) of 1.2 mt width to cover the planting bed.
· Make holes of 5 cm size on mulch film as per recommended spacing(60 cm x 45 cm).
· Water the planting bed to field capacity and then cover the planting beds with mulch b y securing edges of sheet with pegs or burying in soil.
Transplanting:
· Seedlings of 35 to 40 days old, vigorous and uniform size are selected for planting.
· Drench the portrays with seedlings with Bavistin (0.1%) in early morning hours or previous day evening.
· Transplant in early morning or evening
· Remove seedlings from portrays by giving slight pressure from bottom of individual cell.
· Recommended spacing 60 cm x 45 cm at a shallow depth of 2-2.5cm.
· Care should be taken to plant seedlings exactly in centre of holes in mulch film.
· Water the beds with rosecane immediately after transplanting.
· Mist greenhouse in seasons of low humidity.
· Drench beds with 0.3% COC of mortality of seedlings noticed due to damping off disease.






GREENHOUSE CULTIVATION OF TOMATO –II
(22)
Irrigation:
· Drip irrigation given daily to replenish 50% of open pan evaporation.
Fertigation:
· Plants are fertigated with total 250:250:250 kg of NPK respectively using water soluble fertilisers(19:19:19 WSF)
· Start fertigation from 3rd week after transplanting.
· Fertigate crop twice a week for 18 weeks.
· Use 19:19:19 WSF at the rate of 3.7 g/m2 for every fertigation.
Pruning and Training:
· Are pruned to two stems per plant.
· Pruning usually starts 20 to 30 days after transplanting.
· Prune the plants at weekly intervals.
· The main stem of tomato plant branches into two after first flower cluster.
· Retain only these two branches and remove all other branches.
· Also remove all the branches developing at the base of stem.
· Top the plants 6 weeks before crop is removed.
· Train the plants along the plastic twine.
· Provide separate plastic twine to each branch.
· Tie branches to plastic twines so that the branches do not break up due to weight of fruits.
· Tying of plants to plastic twine starts from 4th week after transplanting and tying is usually done at weekly interval along with pruning operation.
Lowering of plants:
· Plants are periodically lowered so as to attain workable height.
· It is done at 20 to 30 days interval starting from 80 to 90 days after transplanting.
Deleafing:
· Deleaf the older leaves periodically starting from 70 days after transplanting.
· Retain leaf in stem to a length of about 5 feet from growing tip at any given point of time.
Harvesting:
· Starts at 70-80 days after transplanting and continues till 170 to 180 days.
· Harvesting done at weekly interval.
· Fruits harvested at breaker stage.
· Harvested produce should be kept in cool place and avoid direct sunlight.
Yield:
· Tomato fruit yield is 70 to 180 t/ha
· Individual fruit weight varies from 100g/fruit during initial harvest to 60 g/fruit during last harvest.

Diseases:
1. Seedling Wilt:
Bavistin (1g/L), Ridomil (2g/L)
2. Powdery Mildew
Karathane (1ml/L)
3. Early blight and Late blight
Dithane Z 78 or Dithane M 45(2g/L)
4. Buck eye rot
Proper staking and spray Ridomil(2g/L)
5. Leaf curl and Potato Virus Y
Raising nursery bed under 40 mesh nylon net
Insect-Pest:
1. Whitefly:
Spray Imidachloprid (0.4 to 0.5 ml/L)
2. Red spider Mite:
Spray Vertimec(0.5 ml/L) or Pongamia oil 50 to 8 ml/L
3. Thrips
Acephate 1.5g/L or Imidacloprid 0.5 ml/L
4. Leaf Miner
Spray Deltamethrin(1ml/L) or NSKE 4%


GREENHOUSE CULTIVATION OF CUCUMBER-I
(23)

Climate:
· Ideal temp 25 0 C to 350 C.
· Temp less than 18 0 C fruit tend to be shorter.
·  A day/night temperature difference is recommended for winter and early spring cultivation only. Growth performance depends on the 24-hour mean temperature during the long days and short nights of spring/summer.



Hybrid:
· Cucumber grown in greenhouses are long, seedless hybrid cultivars, often referred to as “European” or “Dutch” cucumbers.
Growing medium:
· Sandy loam soil and well decomposed FYM mixed in 1:1 proportion, is best suited.
· In heavier soil mixing with sand up to 25% is required to provide proper aeration in root zone.
Growing beds:
· Soil should be fine tilth
· Beds may be flat or raised, bed width 60-100 cm, depending on distance between rows and depth of 25-30 cm
· Raised beds suitable for early planting 
· Mostly seeds are sown directly
· Cucumber transplants may be grown on their own rootstock
· Add 43 kg of FYM per m2 of bed for first crop and mix thoroughly
· For subsequent crops add 20 kg of FYM/m2 of bed
· For disinfecting beds, drench it with 4% formaldehyde solution and cover with black polyethylene sheet(400 gauge)
· Close all ventilation space
· 3 to 4 days after spraying remove polyethylene sheet and rake the bed repeatedly to remove the trapped formaldehyde fumes completely before transplanting.
· Disinfecting done once in a year.
Fertliliser Application:
· NPK dose is 50:50:50 kg/ha respectively to the growing beds before fumigation
· CAN-20g/m2, SSP-30g/m2, MOP-9g/m2
· Apply neem cake and Trichoderma formulation(200g/m2) just before planting but only after formaldehyde fumes are completely exhausted.
Laying of drip line:
· Placing one inline drip lateral at the centre of bed.
· Inline drip lateral should have an emitting point for every 30 cm interval with discharge of 2lt/hour.
· Before covering the polyethylene mulch, check the emitting point for uniform discharge of water.
Mulching:
· Use 100 micron thickness, opaque polyethylene mulch film(black/reflective mulches) of 1.2 mt width to cover the planting bed.
· Make holes of 5 cm size on mulch film as per recommended spacing
· Water the planting bed to field capacity and then cover the planting beds with mulch b y securing edges of sheet with pegs or burying in soil.
· Spacing of 1-1.5 mt between rows and 40-45 cm plant to plant.
Trellis and Pruning:
· Cucumbers are trellised using a string or wire system.
· Generally for long-fruit cultivars, only one fruit per leaf axial should be allowed to develop, although with vigorous cultivars more than one fruit may sometimes mature at a node.
· Short, medium types can support  several fruits per node and give good yields, with a minimum of three to four fruits harvested at each node.


GREENHOUSE CULTIVATION OF CUCUMBER –II
(24)

Irrigation:
· Drip irrigation given daily to replenish 50% of open pan evaporation.
Fertigation:
· Plants are fertigated with total 250:70:400 kg of NPK respectively using water soluble fertilisers(19:19:19 WSF)
· Start fertigation from 3rd week after transplanting.
· Fertigate crop twice a week for 18 weeks.
· Use 19:19:19 WSF at the rate of 3.7 g/m2 for every fertigation.
Harvesting:
· starts approximately 30–45 days after transplanting with variations according to cultivar, climatic conditions and technology used. 
· Cucumbers are harvested as immature fruit when full length has been reached. 
· Over-mature cucumbers left on the vine inhibit new fruit-set, and production decreases if fruits are left on the plant for a long time. 
· Harvest should take place at the coolest time of day, in order to avoid excess heating of the product. 
· To minimize damage and disease spread, it is important to use a sharp clean tool to cut the fruit from the plant.
Storage:
· The optimum storage temperature for cucumbers is 10–12.5 °C at a relative humidity of 95%. 
· Storage or transit temperatures below this range may result in chilling injury after 2–3 days.

Diseases:
1. Downy mildew
· Fungal disease
· Yellow spot on upper surface of leaf
· Avoid over-watering and spray Dithane M-45 @0.3%
2. Powdery mildew
· Spray Karathane
3. Anthracnose
Insect-pest:
1.Whitefly
2.Thrips
3. Caterpillar

                                      Unit-IV
INSECT-PEST MANAGEMENT IN GREENHOUSE
(25)

Integrated insect-pest management is a useful approach for producing greenhouse vegetables. It involves the integrated use of different methods and techniques (cultural, physical, mechanical, chemical and biological) to maximize productivity in a way that is ecologically sound and safe.
Insect management strategies:
a. Exclusion: 
· Avoid the use of chemicals in greenhouse environment.
· Use Insect proof screening available for vents and openings (cooling pads and ventilation units).
· Use of ultraviolet absorbing plastics can reduce insect problem.
b. Sanitation:
·  It should be cleaned thoroughly before planting a new crop. Crop residues should be removed immediately after final harvest.
· It should be thoroughly sterilize to make it an insect free.Spraying should be done on walls, doors, windows.
· Pruned material and over ripe fruits should be immediately disposed off from greenhouse.
· Avoid planting outdoor crops near greenhouse as they serve as host for insect, pests, diseases. Follow weed control measures within and around 10-30 feet area.
· Avoid the wearing of yellow clothes by workers as insect get attracted to this colour and may land and ride along the greenhouse.
c. Selection of resistant varieties:
· Use of  resistant varieties holds good in pest management that provides an inbuilt ability to resist pest.
d. Tillage:
· Deep summer ploughing is an effective practice to mitigate soil inhibiting stages of insects.
e. Intercropping:
· Intercropping of vegetables with diverse plant geometry and insect-pest breaks the standard mono-cropping and limits the infestation of insects.
· Diverse cropping system besides frustrating adult insects from egg laying also deters the adult insects from damaging the crops due to emission of volatile allelochemicals by certain crops.
f. Insecticides:
· Insecticides are sometimes crop specific and are not effective against their close related one. To avoid persistent pesticide residues, choice of pesticide plays a crucial role.
· Use of right dose. It is based on size or stage of insect pest and their population.
· Application of insecticide at right time: Generally it is applied late afternoon or evening when temperature is on decreasing trend and weather is calm.
· Application of insecticides should be done properly and clean water should be used for spraying.
g. Biological control:
· Bio-pesticides are cheaper than chemical pesticides. They are eco-friendly and compatible to natural enemies of existing insect pest in system. Bio-control agents like egg parasites-Trichogramma sp, Corcyra egg, Chrysoperla carnea

DISEASE MANAGEMENT
(26)

Management of pathogens involves the practices directed to reduce inoculums, eradicate inoculums and prevent inoculums. Integrated use of different approaches in controlling the disease is known as integrated disease management. For successful management of plant diseases in greenhouse, the crop production system need to be closely associated with the goals of disease management practices.
The important principles of disease management in greenhouse are:
A. Eradication:
· It involves removal or destruction of infected plant parts or plant as whole and dispose.
· Uprooting of alternate hosts within and outside a greenhouse which harbour the pathogens to complete their life cycle
· Crop rotation is effective against soil-borne pathogens
· Sanitation
B. Cultural control:
· Soil disinfestations can be done by steam and fumigation or application of chemical. Solarisation is carried out in summer in absence of a crop.
· Environmental control of diseases can minimize the need to use chemicals.
· Use of soil-less media eliminates the need for regular soil solarisation, thus avoiding a very costly and laborious task.
· Use of resistant varieties to disease mainly fusarium and verticillium wilts of tomato, fusarium wilt of cucumber and melon, Phytophthora capsici and tobacco mosaic virus on pepper and ;leaf mould.
C. Chemical control:
· Treatment before the pathogen enters the host plants is carried out mainly with protectant fungicides.
· Protectant have to be applied at short intervals in order to cover new growth as well as old plant surfaces on which residues of earlier applications are not effective.
· Surfactants improve the performance of a fungicide or pesticide in greenhouse by lowering the surface tension between the droplets of the spray and waxy cuticle covering the host.
D. Biological control:
· The most common fungal genera used for biological suppression are Trichoderma sp, against Rhizoctonia solani, Pythium, Fusarium.
· Bacterial antagonists, such as Pseudomonas fluorescens used to control Pythium, Fusarium, Rhizoctonia, Phytopthora, Sclerotium.

SEED PRODUCTION
(27)

Maintenance of parental lines:
In case of cross-pollinated, hybrid programme based on 3 lines i.e. A-line (ms), B-line(maintainer) and R-line(restorer)-all homozygous inbreds are maintained by breeder. For proper maintenance A-line and B-line are grown in field in rows in 4:2 ratio. In border rows B-line are grown which supply sufficient pollen for pollinating A-line. On maturity, seeds of B-line are harvested first and kept separately. Then seeds of A-line are harvested.
In case of cauliflower there is problem of maintaining and multiplication of potential self incompatible lines for production of F1 hybrid seeds. Temporary elimination of self incompatibility with the use of CO2 gas has solved the problem.
In cucumber the maintenance of gynoecious lines is through modification of sex espression by use of Giberellic Acid and Silver nitrate.
Hybrid Seed Production:
a) Emasculation and Pollination:
Flowering period in male and female parents is synchronized by adjusting the sowing time.
In solanaceous vegetables, 
· Emasculation of perfect flower on seed parent is done a day prior to anthesis, leaving the petals intact.
· Fresh pollen from several plants of male parents are collected by a vibrator on the day of anthesis.
· Pollen are collected in a small cup attached to a finger ring or other container as per need.
· Pollination is done by dipping the stigma into the pollen mass.
· Since bees donot visit the emasculated flowers, bagging of emasculated flower is not necessary.
· Pollen grains can be stored for 1 to 2 months at 0oC using silics gel for their proper drying.
In cucurbitaceous vegetables,
· Sex expression varies mainly monoecious, andromonoecious and gynoecious.
· Perfect flowers on seed parents are emasculated a day prior to anthesis which is not required in parthenocarpic varieties.
· The emasculated flowers are bagged in order to avoid chances of self-pollination.
· In monoecious plants, flowers are bagged a day prior to anthesis.
· Male flowers are either collected in the eveving a day prior to anthesis and are kept in a moist polythene bag or collected early in morning.
· Pollination is done on the day of anthesis by dusting pollen on the stigma of female flower.
· Pollinated flowers are rebagged to avoid contamination by visiting bees.

b) Harvesting in vegetable seed crops:
The mature fruits in different vegetable crops are harvested at different times of pollination. Stage of harvest of some crops are mentioned below:-

Tomato-60-65 days after pollination, fruit colour complete red
Bell pepper-60-65 days after pollination, fruit skin colour red or yellow
Cucumber-35-50 days after pollination, fruit skin colour yellow or brown
Muskmelon-full slip stage or when cracks develop at junction of fruit peduncle

c) Fruit curing:
The fruit need to be cured prior to seed extraction. The duration of curing of different crops are given below
Brinjal-10 days after fruit harvest
Cucumber-7-10 days after fruit harvest
Muskmelon-7-8 days after fruit harvest
a) Seed Extraction:
Mostly seeds are extracted by fermentation method. Under warm condition, fermentation process is complete in 24 hours. The pulp is stirred several times in a day to maintain uniform rate of fermentation and to avoid discolouration of seeds. It is also used to control seed borne bacterial canker. Seeds are washed thoroughly with excess of clean water. Seed drying is done using dry air at 28-30o C.

SOIL LESS CULTURE
(28)
Hydroponics is a technology for growing plants in nutrient solutions (water and fertilizers) with or without the use of artificial medium (e.g., sand, gravel, vermiculite, rockwool, peat, coir, and sawdust).
Advantages of hydroponic culture over soil culture (geoponics)
· Provide a controlled chemical composition of nutrient solution.
· There is no soil colloids present to immobilize any of the nutrients through adsorption.
· The frequent replacement of culture solution prevents the accumulation of toxic organic decomposition products.
· The growth of bacteria and fungi is minimized which may otherwise may cause diseases.
· Free from soil borne diseases and weeds
· Natural calamities such as floods, drought, erosion etc, can be avoided.
· This system can assume high yield with good quality produce.
· It allows the culture of greenhouse vegetables in areas where soils are not suitable for vegetable production.
Disadvantages
· This high-tech system calls for a higher investment compared to other commercial methods of cultivation.
· It requires huge investment and some basic knowledge of chemistry, plant physiology and crop botany has deferred many from adopting this technology.
· Slight mistake in calculating exact requirement of fertilizers may end up with deficiencies or toxicities in the crop.
Type of Hydroponics
(i) Solution culture:
The plants are raised in pure nutrient medium containing only the desired elements. The pyre or any other clean hard glass vessels are used as containers and for plant support special engineered structures are required. To protect the roots from direct light and to check algal growth in the nutrient solution, the containers are covered o their outer surface with black paper. The aeration for the roots is provided with the help of vacuum lines which continuously keep on providing fresh filtered air to the nutrient solution. There are several culture media available but Knop‟s Sach‟s and Hoagland‟s media is commonly used.
(ii) Rockwool culture:
Rookwool is an inert, porus, sterile growing medium made from rocks that are heated at high temperature and made into thin fibres. The resulting fibres can be turned into slabs or bags as a loose rookwool for bag culture. The small cubes of rookwool are used for starting transplants. Slabs are packaged in white or white-on-black polyethylene sleeves. Slabs are laid in two rows and irrigated by micro irrigation with one emitter per plant. The rookwool slabs can be reused for up to three seasons. Rookwool culture has many advantages viz., ease of handling, installation and media removal, high water holding capacity, more precise control of nutrients and good air circulation. The major disadvantages of rookwool are the need for a leachate collection system and the need to replace the media every two or three season.
(iii) Nutrient Film Technique (NFT):
It is a type of water culture system in which the bare roots are continuously bathed in a flowing nutrient solution. True NFT consists of growing plants in a shallow plastic-lined trough in which nutrient is flowed continuously. Roots spread out over the width of 12 inch channel and are continuously bathed in a thin film of flowed oxygenated nutrient solution. Channels are on a slope to allow the nutrient solution to flow from one end of the channel to the other and collected for return to the sump tank. Nutrient solution is pumped continuously from the sump tank back to the channels. Nutrient are added to the solution as needed and the solution may be replaced periodically to reduce the build-up of salts and disease organisms. In NFT system, channels and plants are arranged in the greenhouse similar to rookwool culture. It is expensive to install and require high degree of management and experts to operate the system to ensure correct irrigation and fertilization. The vegetable crops are adoptable to NFT system are tomato, cucumber.
The major problem of this system s high probability of quick recirculation of disease organism like pythium within the greenhouse. Management of nutrient concentration and pH of the solution is highly labour intensive and there is no water holding capacity in the event of power failure.
(iv) Aeropnics:
It involves the growing of plants in a trough or container in which roots are suspended and sprayed with a nutrient mist. The rooted plants are placed in a special type of box with computer controlled humid atmosphere. It is relatively new production system used especially for research purposes.
(v) Fogponics:
Fogponics is an advanced form of aeroponics which uses water in a vaporised form to transfer nutrients and oxygen to enclosed suspended plant roots. Using the same general idea behind aeroponics except fogponics uses a 5-10 micron mist within the rooting chamber and as use for a foliar feeding mechanism.

PROBLEMS AND REMEDIES
(29)
Protected Cultivation Constrains:
· Basic cost and operational cost very high
· Irregular power supply
· Little work on designing in different locations
· Cladding material quality/availability
· Lack of technical knowhow
· Lack of indigenous technology (Zone/region)
· Lack of suitable varieties / hybrids for greenhouse cultivation
· Exotic seeds very costly
· Poor performance of indigenous varieties

Protected Cultivation Advantages:
· Higher yield
· Better quality
· Off-season production
· Assured and early production
· Least pesticide residues
· Controlled pollination
· Vagaries of weather
· Easier plant protection
· Weed free cultivation
Scenario:
National-
· Technology was existed for commercial purposes in 1960s.
· Installation of glasshouse at DRDO, Field Research Lab, Leh in 1964
· Thrust came only in the mid 1980′s with the emergence of the industries manufacturing U.V. stabilized Low Density Polyethelene (L.D.P.E.).
· Technology got extended in temperate regions with the development of the indigenous low cost greenhouses technology.
· 	In India, the area under protected cultivation is presently around 25,000 ha while the greenhouse vegetable cultivation area is about 2,000 ha (Sabir 2013).
· Maharashtra and Karnataka leading states. Hilly regions offer potential, Himachal Pradesh taking lead (3rd )
· Maharashtra and Gujarat had a cumulative area of 5,730.23 hectares and 4,720.72 hectares, respectively under the protected cultivation .
World-
· Total Greenhouse area acreage nearly 6, 23,302 ha but Green house vegetable production area is 4, 02,981 ha.
· The Netherlands is the traditional exporter of greenhouse grown vegetables all over the world.
· Cucumbers and tomatoes are the most important crops contributing more than 94% of the total production.
· In Asia, China and Japan are the largest users of greenhouses.
























Question Bank
Unit I
Objective:
1.................country is leading exporter of vegetables under protected cultivation.
a) China                      b) Japan                  c) Netherland                         d) India
2................is the direction for construction of free standing greenhouse in North India.
a)N-S                            B) E-W                  c) N-E                   d) S-W
3. Training operation is done in plants to..............................
a) Achieve good yield   b) healthy fruits   c) more no. of flowers  d) good framework
4. Range of shading intensity of shade net is..................
a) 25-75%              b) 30-80%              c) 40-90%             d) 40-60%
5...................greenhouse is classified based on structure.
a) polycarbonate house b) lean to type c) fiber glass d) wooden framed
6...................greenhouse is placed against the side of an existing building.
a)Even span type b) ridge and furrow type c)saw tooth type d) lean to type
7.....................is a low growing structure suitable for vegetable cultivation.
a)Poly tunnel  b) naturally ventilated c) all of these d) none of these
8....................training system is suitable for cucumber.
a)Trellis system b) over head trellis system c) umbrella system d) wire system
9.Modification of natural environment to achieve optimum plant growth is known as...........
a)sustainable agriculture
b)protected cultivation
c)hydroponics
d)green house cultivation
10. Evaporative cooling and heaters are used in...........type of greenhouse.
a)Naturally ventilated b) semi controlled c) controlled type d) none of this
11. Insect Proof net are used...........
a) To check from animals
b) To check from rainfall
c) To check from wind
d) To check from insect pest
12..................structure is used in extreme winter.
a)poly tunnel b) trench c) floating plastic covers d) Plastic mulch
13..................greenhouse has longer shelf life.
a)fiber glass house b)ordinary glass house c) ultra violet stable polyethylene d) none of these
14.Which of the following is  found in high cost greenhouse.
a)drip irrigation b) heating c) humidification system d) all of these
15. Which of the design of greenhouse are connected to one another along the length of eave.
a) saw tooth type    b)Quonset type    c) uneven span type d) ridge and furrow type
Subjective:
1. Describe briefly about various types of protected structures used for vegetable cultivation.
2. Define training. State the training systems used in cucumber.
3. Discuss briefly about greenhouse climate
4. State the scope and importance of protected structures.
5. Write short note on Construction of greenhouse.

Unit II
Objective:
1. What should be the maximum weight of live load?
a) 50 kg/m2 b) 35 kg/m2 c) 42 kg/m2 d)15kg/m2            
2. Average wavelength of light for greenhouse crops
a) 600 to 900 nm b) 400 to700 nm c) 500 to 800 nm d) 300 to 500 nm 
3. Which of the following is used for heating purpose.
a) dehumidifier b) paraffin heaters c) hinged ventilators d) all of these
4. Weight imposed by permanent construction is called as........
a)snow load b) wind load c) live load d)dead load
5. Which of the following are principal sources of CO2 in greenhouse
a)propane burner b) sulphur paraffin c)butane  d)all of these
6. Application of fertiliser along with irrigation water is called as...................
a) mulching b) fertigation c) sprinkler d) foliar 
7. Piston or diaphragm pumps which are driven by the water pressure of the irrigation system is known as..............
a) fertiliser tank b) ventury c) fertiliser injection d) all of these
8. Which of the following machinery is used in big nurseries for filling of mixers in pro-trays.
a)pro tray transport system b) pro tray seeding machine c)pro-tray filling machine d) none of these
9. Which of the following machine is used in small nurseries for inserting seed.
a)plate type dibbler b)pro-tray seeding machine c)pro-tray filling machine d) none of these
10.Which of the following is used to control light in greenhouse.
a)shade net b) fluorescent lamp c)high pressure sodium lamp d)all of these
11. ................is the best method of irrigation.
a) sprinkler b) check basin c) drip irrigation d) flood irrigation.
12. What should be the maximum concentration of solution in fertigation
a)20 % b) 10% c) 30% d)15%
Subjective:
1. Describe about the temperature and light control in greenhouse.
2. Briefly discuss the machinery used in greenhouse nursery.
3. What is load. State the various types of load.
4. What is drip irrigation. Explain the various components of drip irrigation with diagram.
5. Describe the CO2 and humidity control in greenhouse.
6. Describe about fertigation in greenhouse.







Unit III
Objective:

1.What should be the EC of irrigation water.
a)1.6 to 1.7 b) 2.0 to 3.0 c) 1.0 to 1.5 d) 1.5 to 2.0
2. Transplanting time for seedlings
a) 15 days b) 30 days c) 10 days d) 20 days
3......................is a white silicaceous material originated from volcanic origin.
a) rockwool b)vermiculite c)perlite d)sand
4....................has been formed from aquatic, swampy vegetation.
a) vermiculite b) perlite c)peat d) rockwool
5.....................has been formed from montmorillonite clay minerals.
a) calcinated clays b)polystyrene foam c) rockwool d)peat
6.Which of the following have highest water holding capacity.
a)rockwool b) sphagnum moss c) peat d)sand
7.Which of the following is an alternative to conventional method.
a)
8.Which of the following bench arrangement provides greater space for plants
a) longitudinal b) peninsular c)all of these d)none of these
9.Which among the following have the chance of damage due to natural decay.
a)cement b)metal c)wood d) none of these
10...............container is used widely in commercial planting.
a)ceramic b)fibreglass c)wood d)metal
11................type of grafting is mostly used for greenhouse crops.
a)whip grafting b) wedge grafting c)bridge grafting d)none of these
12.Which of the following is used as fungicide.
a) Pendimethalin b) glyphosate c)Metasystok d) Bavistin
13. Spacing for greenhouse capsicum..................
a)90 cm x 90 cm b)60 cm x 45 cm c)45cm x 30 cm d)30 cm x 15cm
14.Deleafing operation is practised in....................crop
a) capsicum b) tomato c) spinach d) muskmelon
15. In which of the following trellis system is practised as training
a) cucumber b)capsicum c)tomato d)muskmelon

Subjective:
1.  Describe about the various types of benches and containers used in greenhouse.
2. State nursery management in greenhouse condition.
3. Briefly describe as production technology of greenhouse tomato
4. Discuss the production technology of parthenocarpic cucumber in greenhouse.
5. Explain the production technology of greenhouse capsicum.

Unit IV:
Objective:
1.Which of the following is included in exclusion method of insect management.
a)Use of Malathion b)Use of resistant variety c) Use of Insect proof net d)Use of Trichogramma sp.
2. Which of the following is used as egg parasite.
a)Chrysoperla carnea b) Trichogramma sp. c)Telenomus sp. d) all of these
3. Which of the following is used as trap crop in cabbage field.
a) fenugreek b)spinach c)potato c) mustard
4. Best method to control soil borne pathogens
a)clean cultivation b)insect proof net c) crop rotation d) none of these
5.The technique of growing plants in nutrient solution is called as
a)hydroponics b)geoponics c)aeroponics d)none of these
6. In which of the following Hoagland media is used
a) rockwool culture b)NFT c)solution culture d)all of these
7. Growing of plants in container where roots are suspended and sprayed with nutrient mist is known as
a)geoponics b)aeroponics c)hydroponics d)none of these
8. Which is true for Nutrient film technique
a)improper availability of nutrient
b)quick circulation of diseases
c)lanky growth of plant
d)slow growth of plants
9. First installation of glasshouse in India in which place
a)Darjeeling b)Nilgiri c)Leh d)Shimla
10. Which of the following crops cover world’s highest greenhouse vegetable production
a)cucumber and capsicum b)capsicum and tomato c)tomato and cucumber d)tomato and cabbage
Subjective:
1. What is polyhouse? State the constraints of protected structures.
2. What is hydroponics? Briefly describe it.
3. Describe about the method of seed production of tomato in greenhouse condition.
4. Explain Integrated Disease Management in greenhouse condition.
5. State Integrated Insect-Pest Management in greenhouse condition.
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