INSECT-PEST MANAGEMENT IN GREENHOUSE
()
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

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

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
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
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.


