CHAPTER X

HI-TECH INTERVENTIONS

The Indian Council of Agricultural Research (ICAR) and the State Agricultural Universities (SAUs) have been generating technologies, which are being transferred to the farmers through the developmental departments and the state Extension machinery. Some of the Hi-Tech technologies, though cost intensive, have become indispensable for horticulture development in recent years.

 'Hi-tech Horticulture' may be defined as the deployment of any technology, which is modern, less environment dependent, capital intensive and has the capacity to improve the productivity and quality of horticultural crops. In the present day context, adoption of hi-tech horticulture is necessary to ensure nutritional security of a population of one billion, besides attaining self-sufficiency and generating surplus for exports.

1.
GENETICALLY MODIFIED CROPS

 The world population is now 6 billion, 1/6th of which is in India. For most of the crops the yields have attained a plateau and the abuse of chemicals for fertilizer and for pest control have only resulted in destroying the already frail agro-ecological systems. The challenge now is to grow more food, with higher nutritional quality than ever before, on a continually shrinking agricultural land area. There has been a paradigm shift in the perceptions of the farmers from production (total quantity) to productivity (quantity/unit area) to profitability (quantity/unit area/unit time/man). The solution to many of the above issues lies in developing and adopting newer techniques to boost productivity in an eco-friendly way. Genetic engineering is one of them. 

The new technology of genetic engineering was ushered in with the discovery of restriction enzymes in 1979. The first transgenic plant was generated in 1983 and the first commercial release of a transgenic plant was done in 1995. Today more than 5600 trials have been conducted in USA alone since 1987. The advancements made in India are by no means very exciting and remarkable nevertheless lots of work is going on around the country on many aspects. Genetically modified organisms (GMOs) are still in infancy stage in India, through first field experiments using transgenics began in 1995. Now, India would stand to gain considerably by developing new varieties through genetic engineering, particularly to increase productivity with improved shelf life of the produce.

2.
MICROPROPAGATION

 Micro-propagation is perhaps the most popular and widely commercialized global application of Plant Biotechnology in horticulture.  A large number of plants are being cloned and exploited commercially worldwide. Novel germplasm in horticultural crops, created using various biotechnological tools, also needs to be multiplied rapidly for quick dissemination.  This is possible only by integrating in vitro culture and molecular biology techniques.  Therefore, micropropagation will be the cornerstone of all new biotechnologies that are developed.  Micropropagation is well-known as a means of producing millions of identical plants (‘clones’) under aseptic conditions, in a relatively short period of time, independent of seasonal constraints.  An added advantage is production of pathogen-free planting material.  Propagation of plants through tissue culture, including sophisticated techniques of meristem culture and molecular indexing of diseases, are of immense use in making available healthy propagules.  Besides its several uses, micropropagation is also applied advantageously to national and international germplasm conservation and exchange, obviating quarantine-related problems.

The global biotech business is estimated at around 150 billion US dollars.  Around 50-60% of this constitutes Agribusiness.  The annual demand of tissue cultured products constitutes nearly 10% of the total, amounting to 15 million US dollars.  The estimated annual growth rate is about 15%.  Among the developing countries, India is in an advantageous position to exploit this market.

The Govt. of India identified micro-propagation of plants as an industrial activity under the I (D&R) Act of 1951, made effective in 1991 and several subsidies and incentives were offered. Large scale promotion of this technology was taken up during the VIII plan under the Centrally Sponsored Scheme on Integrated Development of Horticulture. Under this scheme assistance is being provided @ Rs.2.1 million for establishing TC labs under the public sector and for the private Sector the assistance is 20% of the cost subject to a maximum ceiling of Rs.1.1 million per unit. The TC units established in the private sector has only done demonstrative work. Large scale multiplication has not been a reality. However, there has been some success in the private sector.

In order to strengthen the programme, contract micropropagation can be taken up by smaller entrepreneurs in the already existing commercial laboratories.  Also, a nodal agency like the BCIL (Biotechnology Consortium of India Limited) can bring together all the PTC industries and help them work out crop-production schedules so that glut in a particular crop plant is avoided.  To commercialize a highly technology-driven venture, several aspects need to be analyzed before embarking on large-scale production especially since the industry deals with a product that is a highly perishable, i.e. live plant.  There is a need to promote this technology for production of planting material. Considering the high capital investment and long gestation period, moratorium period on the industry has to be increased. Further, capital subsidy upto a maximum of 20% of the cost or Rs.2.5 million, whichever is less, may be extended both for modernization and establishment of new units.  Many State Govt. of the Union of India, prominent among them the State of Karnataka, have given the status of Thrust Sector Industry to Plant Tissue Culture ventures. 

The constitution of the Department of Biotechnology (DBT) and the subsequent ‘Hi-Tech Industry’ status given to Plant Tissue Culture encouraged several corporate houses to venture into this greenfield area.  However, most of these ventures were export-oriented, having a buy-back arrangement with the foreign companies that the Indian counterparts were tied-up with.  A large volume of the export trade is confined to ornamental foliage plants. The first commercial micropropagation laboratory was set up in 1987.  As per a recent study, there are about 130 small, medium and large tissue culture units in India.  Their combined installed capacity is around 300 million plantlets per annum.  However, not all units are functioning at their full production potential, with a combined capacity utilization of 25-30% only. As a result many of the units have become non-viable. Some of the problems encountered by the Indian micro-propagation industry are long gestation period; non-availability of skilled operators; high overhead costs; systems development needed for each new cultivar; problems of scaling up; genetic instability; greenhouse design and management expertise scarce; overproduction of a number of classical crops; difficulties in penetrating new markets; poor market intelligence and expertise; export bottlenecks and poor domestic base.

 A major handicap in the Indian scenario is the unorganized nature of the Indian farming community, followed by region preferences in crops.  However,  elite planting material in horticultural, plantation and agroforestry  crops like the banana, cardamom, vanilla, bamboo, etc., enjoys a good domestic market.  Today, virus-free clones of cardamom and microtubers of potato, obtained through meristem culture, are a reality.  A PCR-based technique for indexing micropropagated banana for the Banana Bunchy Top Virus (BBTV) has also been developed. Potato microtuber production has been scaled-up using the bioreactor technology.  The BARC, Mumbai, and Center for Plant Molecular Biology (CPMB), Hyderabad have developed the synthetic seed (synseed) technology for Banana.  This technology involves the use of shoot apex, nodal microcuttings or somatic embryos encapsulated in an alginate-based gel matrix, serving as ‘synthetic seeds’.  The advantage of these ‘synseeds’ is that they can be stored and used when needed, and, are more easily transportable.  Unfortunately, tree crops like cashew, mango, walnut and date which would immensely benefit from micropropagation are still intractable.

3. MICRO-IRRIGATION 

 Out of the total cultivated area of 172 million ha. in the country, only 65 million hectare (37%)is irrigated. The quantum of utilisable water is estimated to be nearly 105 m.ha meters of which right now only 70m.ha is utilized for irrigation. Even if the entire water is harvested by 2025 A.D, by present methods of irrigation, 45 percent of the cultivated area will still remain rainfed. 

India's crop production suffers not only from drought but also from unscientific use of the available irrigation water. Enormous quantity of water is wasted with the present methods of irrigation, which are in vogue. It is becoming increasingly clear that with the advent of high yielding varieties the next major advance in our agricultural production is expected to come through efficient soil and water management practices, like adoption of water saving methods like drip irrigation. 


Micro-irrigation system is irrigation system with high frequency application of water in and around the root zone of plant system. The micro-irrigation system consists of a network of pipes along with a suitable emitting device. In drip irrigation system, water is applied at a low rate for a. longer period at frequent intervals near the plant root zone and through a lower pressure delivery system (0.5-2.0-kg/ cm2) to a plant. It has been very successful for irrigating horticultural crops like mango, banana, grapes, pomegranate, guava, citrus, brinjal, cucumber, okra capsicum etc. 

Some of the advantages of micro irrigation are saving of fertilizer upto 30%; increase in yield upto 100%; saving of water upto 70%; prevention of weed growth; saving of energy; improving in quality of produce.

As per the estimates, the total cropped area suitable for micro irrigation in the country is to the tune of 27 million ha. (Table-10.1)

Table-10.1: Theoretical potential for drip irrigation







(Area in Million Ha.)

	Crop
	Total Cropped Area
	Area suitable for micro

Irrigation

	1. Cereals & Millets
	100.4
	00.00

	2. Pulses
	22.50
	00.00

	3. Sugarcane
	4.10
	4.10

	4. Condiments & Spices
	2.19
	1.40

	5. Fruits
	3.40
	3.40

	6. Vegetables
	5.30
	5.30

	7.  Coconut
	1.90
	1.90

	7. Oilseeds
	26.20
	1.90

	8. Cotton
	9.00
	9.00

	9. Others
	1.40
	00.00

	Total
	176.39
	27.00


On the other hand, besides several advantages, there remain many problems requiring further research like realistic methods for predicting the temporal and spatial variation of soil moisture, the minimal and optimal fraction of the soil volume to be wetted, and management system in different horticultural crops under varying weather and soil conditions are not known. Some of the reasons for the uneven development in the drip irrigation are inadequate awareness about the advantages of micro irrigation; sufficient availability of surface and ground water in some of the states, particularly in northern and eastern India; lack of trained manpower; inadequate credit facilities for the farmer; the availability of the system and its spares are not uniform in the country. The distribution networks at rural areas have inadequate facilities in terms of material availability and technical know how. 

Drip irrigation was promoted under the Centrally Sponsored Scheme on Use of Plastics in Agriculture since the VIII Five Year Plan. The programme was continued during the IX Plan under the Centrally Sponsored Scheme on Development of Horticulture through Plasticulture Interventions with an outlay of 3750 million. However, with effect from the year 2000-01, the programme has been amalgamated under the Centrally Sponsored Scheme on macro management in agriculture. The assistance for micro irrigation was extended on the following lines:

The unit cost of Drip Irrigation system varies with respect to plant spacing. Moreover, the cost of the drip system varies from state to state depending upon the existing demand and marketing net work. Accordingly, the states have been categorized into three categories, viz. Category "A", "B", and "C". The major states where more than 4000 hectares have been brought under drip irrigation as on 1.4.1998 come under ‘A’ Category. This includes the states of Andhra Pradesh, Gujarat, Karnataka, Kerala, Maharashtra and Tamil Nadu. All the States except those covered under Category ‘A’ and those falling in the Himalayan belt come under Category ‘B’. Similarly, all the States falling under the Himalayan belt including all the North Eastern States, Sikkim, Himachal Pradesh, Jammu & Kashmir and Hills of Uttar Pradesh, Darjeeling district of West Bengal come under Category ‘C’. Keeping in view the level of awareness, proximity to the manufacturing units, distance involved in transportation, potential for drip irrigation, the cost of drip system in Category 'B' states is estimated to be 15% higher than Category 'A' states while for Category 'C' States it is estimated  to be 25% higher than Category 'A' states. 

 
The assistance for drip irrigation will be 50% of cost for Small, Marginal, SC, ST and Women Farmers and for other category of farmers the assistance is 35% of total cost of the prevailing competitive market rate of the system subject to the maximum as indicated in table below. The maximum ceiling is Rs.28,500/- per ha for Category ‘C’ States for a crop spacing of 1.5x1.5 metres.   The assistance is provided for a maximum area of 4.0 ha per beneficiary family in whose name the land belongs. The pattern of assistance and maximum ceiling for different category of farmers is as given in Table-10.2

Table-10.2: 
Cost Ceiling for Drip Irrigation

	State Category
	Small, Marginal, SC, ST and Women Farmers  (Rs./ha.) (50% of cost)
	Other category farmers (Rs./ha.) (35% of cost)

	A

B

C
	22,500

26,000

28,500
	16,000

18,200

20,000



In the last 20 years, the area under micro- irrigation increased from around 1500 ha in 1985to around 0.3 million ha. Compared to the available potential and in view of the growing concern over the decreased availability of water, much more needs to be done to promote micro irrigation in the country. An independent study conducted by the Agricultural Finance Corporation Ltd. has indicated the need for bring one million ha under drip irrigation  during a period of five years.

4.
FERTIGATION 

 For intensive and economical crop production, the best solution for higher productivity is fertigation, where both water and fertilizers are delivered to growing crops through drip irrigation system. Fertigation provides essential elements directly to the active root zone, thus minimising losses of expensive nutrients, which ultimately helps in improving productivity and quality of farm produce.

Fertigation ensures higher and quality yield along with savings in time and labour which makes fertigation economically profitable. This has been already experienced by large number of farmers in grape, pomegranate, and banana. Fertigation is ideally suited for high-tech horticultural production systems since it involves not only the efficient use of the two most precious inputs i.e., water and nutrients but also exploits the synergism of their simultaneous availability to plants. Though drip irrigation has found widespread use in plantation and horticultural crop production in India, fertigation is confined to mainly cut flower production under polyhouse and some field production of fruit crops.  Significant yield response is possible if drip irrigation is practiced for fertigation. 


One of the main reasons for non-adoption of fertigation wherever drip system has been installed is the non- availability of totally water soluble fertilizer materials at affordable cost. Due to the non-availability of good fertigation compatible soluble NPK fertilizers, imported fertilizers are being, used which escalates the cost to Rs.50- to Rs.60 per kg cost of nutrients, whereas, the average per kg cost of nutrients in India is around Rs.4-Rs.6 per kg. Another important reason for lack of enthusiasm in fertigation is the investment in machinery's /tools for injecting the nutrients into the drip, and lack of information on the frequency of fertigation like whether it is daily affair or has to be cycled at particular time interval. 

 Polyhouse cultivated cut flower industry is totally dependent on fertigation for its water and nutrient supply but the problem is the huge cost per kg of nutrient which is around Rs.50 to 60 per kg. This affects the competitiveness of the industry. Intensive research efforts are needed to at least partially substitute imported liquid fertilizers with locally available fertilizers.  Moreover, all these materials are invariably supplied as NPK complexes and freedom to choose required ratios is very limited. The form of N also is important. Excessive use of N03-N has resulted in iron deficiency in rose. The grape, pomegranate and banana growers in Maharashtra have also adopted fertigation to some extent and the cost of fertilizer is the major inhibiting factor for further extension of fertigation. Therefore, to encourage fertigation, conducive policy environment has to be created in terms of production of soluble fertilizer in such a manner that the savings made in the fertilizers is not neutralized by cost.

5.        PROTECTED CULTIVATION / GREEN HOUSE TECHNOLOGY

For optimum growth of plants, natural resources of land, water and sunlight are essential. Although nature has bestowed these resources to us, climatic variations often tend to have adverse effect on the yield and production of crops. Efforts have, therefore, been on for harnessing these natural resources through artificial means for increasing crop productivity. One such technology is protected cultivation/green house cultivation. 


Green houses are framed or inflated structures covered with plastic material or glass in which crops could be grown under partially controlled environment which is large enough to permit normal cultural operation manually.  

Considering the advantages of green house, there is ample scope for encouraging area under protected cultivation of high value flowers and vegetables out of season, both in the temperate and tropical climate. However, profitability in green house cultivation will depend upon the choice of green house structure, selection of crops and varieties and production technologies adopted. 

Constraints, particularly during the initial phase of development are common for any industry and horticulture industry has been no exception. The constraints in adoption of green houses are high investments and non-availability of cost-effective technology for many crops.
The package of practices for green house cultivation is yet to be standardized. There is need to take up studies for perfecting the agro-techniques for cultivating inside green house.


Under the Plasticulture Scheme, an outlay of Rs.2.20 million was earmarked for green house cultivation during the VIII Plan. Besides, the National Horticulture Board provided assistance in the form of soft loan with a maximum ceiling of Rs.100.00 lakhs per organisation subject to 40% of term loan @ 4% service charges. Cooperative societies, registered associations of growers/ NGOs, Agri./Hort. Corporations and Private Limited Companies could avail the assistance for setting up of integrated projects. In all 37 floriculture projects with an area of 120 ha (mostly Export Oriented Units), were financed by the NHB. About 400 ha have been covered under the DAC scheme, about 80% of which are in the Leh & Ladakh region of Jammu & Kashmir.  A large number of greenhouses have come up around Bangalore and Pune for export of roses. States like Maharashtra, Madhya Pradesh, Karnataka, Kerala and the North Eastern States have also brought significant area under green houses.
The initial cost of the greenhouse generally depends upon cost of structure, cladding and temperature control mechanism. The operational cost of the greenhouse depends upon the mechanism used for maintenance of temperature or relative humidity in the greenhouse. In naturally ventilated greenhouse, the temperature is maintained 10oto 30o C above ambient conditions due to wind and thermal buoyancy and these do not need any electric power or generators for maintenance of temperature and RH. Under Indian conditions, naturally ventilated greenhouses are most suitable due to low initial cost and operating costs. The cultivation under greenhouses is economical under climates of southern peninsula. The naturally ventilated greenhouses are also economical for cultivation in northern hilly regions during summer. Hence during the IX Plan, assistance is being extended for construction of naturally ventilated green houses involving a financial assistance of 40%  of the total cost of Rs.200/- per M2 for a maximum area of 500 M2 per beneficiary. In the case of green houses for floriculture purpose, with some provision for temperature control, the assistance is limited to Rs.1.50 lakhs for a maximum area of 500 M2 per beneficiary.

A FAO assisted Project entitled "Greenhouse Floriculture Technology for Small-Scale farmers" was initiated in 1999 with the objective to demonstrate the simple cost-effective greenhouse technology to small-scale traditional flower growers, who are mostly women. The project was implemented in three locations in India i.e. Bangalore (Karnataka), Pune (Maharashtra) and Srinagar (Jammu & Kashmir). The project has enabled to refine the available technology in terms of crop diversification based on local climate, skill upgradation of project officials as well as farmers, design development suiting to Indian conditions and management of crops in greenhouses.

 6.
PLASTIC MULCHING

 Plastic mulching is a practice of covering the soil surface around the plants to make conditions more conducive for plant growth through in-situ moisture conservation and weed control. Use of dry leaves, straw, hay, stones etc. as a mulching material has been prevalent for ages. However, the introduction of plastic film as mulch increases the efficiency by improved moisture conservation, increased soil temperature and elimination of weed growth and hence increases in crop yield. LDPE and LLDPE plastic films are commonly used for mulching. LLDPE black colour mulch films are more popular owing to the twin properties of possible down-gauging and better puncture resistance. Down gauging leads to the availability of thinner films at lower cost and puncture resistance with opacity to check the weed growth under the film.


 Plastic films on account of its non-biodegradable nature tend to pollute the fields. Hence it will be necessary to educate the farmers for its safe disposal after use.

The durability of the plastic films are usually 12-20 months. Hence availability of plastic films at reasonable cost for replacement is a limiting factor.


Assistance for promoting plastic mulching was provided during the VIII Plan under the 'Plasticulture' scheme @ 50% of cost subject to a maximum ceiling of Rs.5000/- per ha. for a maximum of one ha per beneficiary. An area of about 3000 ha was covered under plastic mulch during this period. The assistance has been revised to 50% of the cost subject to a maximum ceiling of Rs.7000/- per ha during the IX Plan period. It is proposed to cover about 5700 ha during the IX Plan with an outlay of Rs.3.17 crores.

Greenhouses, plastic mulching, low tunnels from supportive system of peri-urban agriculture where the agricultural land is limited and the demand for horticultural produce is very high throughout the year.  This technology could be employed usefully in the regions where the normal growing season is limited to four to six months.  During the Tenth Plan a target of 0.5 million ha could be targeted for bringing under protected cultivation.
7. BIO-FERTILIZERS

Addition of inorganic fertilizers constitutes one of the most expensive inputs in agriculture.  It is energy intensive, its excessive and indiscriminate use in commercial horticultural crops like banana, grape, mango, papaya, cabbage, cauliflower, tomato, and ornamental crops has rendered the soil sick, polluted the ground water and made it unsuitable for cultivation and consumption.   Nitrate in groundwater is a major health concern in intensively cultivated areas.   Production of chemical fertilizers is an energy intensive process requiring renewable energy resources and also importing fertilizers is draining our foreign exchange reserve to a greater extent. For a developing country like India, it is essential to strengthen and harness the soil source effectively. Besides, various field studies have indicated that gradually yield potential of many soils  is declining and there is a stagnation in crop productivity.Under these circumstances, use of cost effective and eco-friendly bio-fertilizers with suitable integration of organic manure will restore the soil health and keep the soil productive and sustainable. 

The decline in crop yield due to continuous use of inorganic fertilisers has been observed through out the world.  Therefore increasing need is being felt to integrate nutrient supply with organic sources to restore the health of soil.  Bio-fertilisers offer an economically attractive and ecologically sound means of reducing external inputs and improving the quality and quantity of internal resources.  Bio-fertilizers are inputs containing microorganisms, which are capable of mobilizing nutritive elements from non-usable form to usable form through biological processes.  They are less expensive, eco-friendly and sustainable.  The beneficial microbes in the soil, which are of greater significance to horticultural situations, are the biological nitrogen fixers, phosphate solubilisers and the mycorrhiza fungi.

7.1 Biological  nitrogen fixers

The nitrogen fixing organisms associated with horticultural crops are the Rhizobium species which live in symbiotic relationship with the leguminous plants and the free living fixers belonging to the Azotobacter family and the Azospirillum Sps. which live in association with the root system of crop plants. 

7.1.1    Rhizobium

            Utilization of Rhizobium culture for leguminous vegetable crops is in practice among farmers. Rhizobium forms symbiotic association with roots of leguminous crops forming nitrogen fixing bodies called nodules on the root system. There are two types of rhizobia; (a) the slow growing belonging to genus Bradyrhizobium and (b) the fast growing rhizobia belonging to genus Rhizobium.
7.1.2 Azospirillum

Azospirilla are a group of bacteria found in loose association  with  the root system of many crop plants. It is a type of symbiosis where the bacterial cells are found  colonizing the  root cortical cells or the intercellular spaces in the  cortex. These bacteria grow better under reduced oxygen levels. They fix nitrogen from 10 to 40 kg per hectare. They are found colonizing the root system of many vegetable plants.  Azospirillum inoculation helps the plants in better vegetative growth and also in saving inputs of nitrogenous fertilizers by 25-30%.

7.1.3 
Azotobacter
Azotobacter are another free living aerobic nitrogen fixing bacteria which can substitutes part of inorganic fertilizers. Azotobacter inoculation saves addition of nitrogenous fertilizers by 10 to 20%. 

7.2 Phosphate  Solubilising  Microorganisms

Phosphorus  is  a  very important nutrient of plants required in large quantities.  Inorganic forms of this nutrient are compounds of Ca, Fe, and Al.  Large amount of phosphorus applied to various soils gets fixed which is unavailable to the plants. Several soil bacteria, particularly those belonging to the genera Pseudomonas and Bacillus and fungi belonging to the genera  Penicillium  and Aspergillus possess the ability to  bring  insoluble phosphates in soil into soluble forms by secreting organic  acids such as acetic, formic, propionic, lactic, glycolic, fumaric  and succinic acids. These acids lower the pH and bring about dissolution of bound form of phosphate. Some of the hydroxy acids may chelate with Ca and Fe resulting in effective solubilisation  and utilization of phosphates by crops. 

7.3    The Mycorrhizal fungi

Mycorrhizal fungi are the most common fungal association among angiosperms.  The vesicular arbuscular mycorrhizae (VAM) are formed by the non-septate phycomycetes  fungi belonging to the genera Glomus, Gigaspora, Acaulospora and Sclerocystis in the family Endogonaceae of the order Mucorales.   They produce  vesicles and arbuscules  inside the root  system.   Arbuscules  are highly branched fungal hyphae while vesicles  are  the bulbous swellings of these hyphae. These VAM fungi are beneficial to the plant which they colonise. They make more nutrients available to the plant, improve soil texture, water holding capacity, improve disease resistance and help in better plant growth.  Besides, mycorrhizae are also helpful in the biological control of root pathogen.

7.4
 Vermiculture

 Harnessing earthworms as versatile natural bioreactors is vermiculture.  The process of composting organic wastes through domesticated earth worms under controlled conditions is vermicomposting.  Earthworms have tremendous ability to compost all biodegradable materials.  Wastes subjected to earthworm consumption decompose 2-5 times faster than in conventional composting.  During composting the wastes are de-odourised, pathogenic micro-ornanisms are destroyed and 40- 60% volume reduction in organic wastes takes place.    This technology depends on the feeding, excreting and breeding potentialities of the worms.  Fast growing species of worms are voracious feeders and prolific breeders.  They are also surface dwellers, orgnic matter feeders and surface casters.  These worms feed on partially decomposed organic matter. their digestive tracts act as grinding mills converting the wastes into granular aggregates, which are egested as worm cast.  It is estimated that  the earthworms feed about 4-5 times their own weight of material daily.  Thus one kg of worms decompose approximately 4-5 kgs of organic waste in 24 hours.

8.
Mechanisation of Horticulture Operations

8.1      Nursery 

The prices of vegetable seeds especially F1 hybrids are very high. These need proper environment for better germination. Greenhouses for different agro-climatic conditions need to be developed for raising the nursery. Healthy and disease free seedlings can be raised in shorter duration under greenhouse conditions. 

Necessary root media can be pulverized, mixed, pasteurized and filled in the pot or tray. For this necessary equipment need development. The root media can be mixed in batches by modifying the concrete mixer. The pasteurization can be done by applying steam to the rooting media by maintaining the media at 600C to 820C for the required duration. Different diseases and weeds can also be controlled in this way. Portable steam generator can be used to generate the steam and the aerated steam can be passed through perforated pipes buried below the media or beds. The potting media can be filled in the seedling tray or pots for transplanting, using screw augurs. The seeds can be sown using precision planters, which need development for Indian conditions.  The fertilizer can be applied to nursery beds or trays can be done through drip irrigation. The irrigation can be done through drippers or micro-sprinklers.

In place of selling seeds, the seed industry can raise healthy nursery and sell the seedlings to the farmers. The farmers can also grow the healthy nursery on their own. 

For ensuring this, the nurseries will need to be equipped with modern facilities for micro irrigation, green houses, equipment for molecular analysis and virus detection, plant health clinics etc. Initial support for establishing such nurseries in the public as well as private sector would be needed.

8.2       Greenhouse

The rooting media for transplantation of floricultural plants can also be mixed, sterilized and filled in pots or trays as explained above. The rooting media in the greenhouse needs pasteurization at least once in a year which can be done by steam or formalin. 
8.3  
Transplanting 

The transplanting of nursery in the field is very labour intensive and seedling transplanters for different crops are required. Crops like onion, which need close spacing need bare root transplanter development. Widely spaced crops like cabbage, cauliflower, brinjal, etc. need tray type or block type seedling transplanter. The raising of seedlings in blocks and transplanting increases the accuracy and efficiency of transplanting along with healthy crop. Necessary systems for transporting the seedlings, filling in the transplanter and transplanting systems needs development.

8.4
Pesticides Spraying 

 Mostly the spraying of fruit, vegetable and floricultural crops are being done by manual sprayers. These operations are labour intensive and can be mechanized by using power-operated sprayers. The efficient orchard sprayers need development. Tall tree sprayers are also required for old plantations of mango and for other plantation crops like coconut.

8.5     
Harvesting and transporting 

Horticultural crops like fruits and vegetables give very high yield and need very careful harvesting and transporting. The high capacity harvesters for different fruit crops like mango, guava, sapota, orange, pineapple, etc. need to be developed. The harvesters for reduction of labour for vegetable crops like onion, cabbage, cauliflower, tomato etc. are required. 

8.6      Grading

The better quality and grade of fruits or vegetables get a premium price in the market. For export of fruits there are different grades based on weight of individual fruits. The electronic fruit grader is required to be tested and adopted by the export houses. The size grader for different fruits like sapota, orange, mango, pineapple etc is required for local market.
8.7       Packaging

Around 30 % of the produce get spoiled during the marketing chain from farm to the retailer under Indian conditions. The proper packaging for fruits, flowers and vegetables for internal trade and export needs development.

9.       ORGANIC FARMING

As per FAO/WHO Codex Alimentarius Commission, "Organic Farming/Agriculture" is a holistic production management system which promotes and enhances agro-ecosystem health, including bio-diversity, biological cycles and soil biological activity. The organic production system is designed to enhance biological activity within the whole production system, increase soil biological activity, maintain long-term soil fertility duly relying on renewable resources in the locally organized agricultural systems.

The farm is the unit for development under organic farming requiring thorough documentation of soil characters, water quality, climatic conditions, availability of organics and maintenance of records. Without adequate organic matter content, soil gets poorer due to reduced nutrient and water holding capacity. Deteriorated structures and the associated problems by air and water, cause soil erosion. Adopting organic farming could effectively arrest all these situations. 

There has been increasing demand for organic products, particularly in the developed countries. This has increased the prospects of exports. Since the demand for a variety of products year-round makes it impossible for any country to satisfy all its organic food needs domestically, many developing countries have started to tap the lucrative export markets for organically grown products of which organic spices of India is one of products. The organic products fetch premium price, often at prices 20% higher than identical products produced non-organically.

Since the organic products are grown with commitment to respect biological and ecological processes, the foods which are sold must be legally certified that they are organically produce. It would be necessary to create accrediting agencies in India who could issue such certificates at nominal cost. Besides, adoption of organic farming techniques would require some incentives to the farmers in the initial stages.

10.
SOILESS CULTURE 

In order to circumvent the heterozygosity of soil search for alternative substitute resulted in usage of natural substrates like cocopeat, rock wool, gravel, sand, saw dust, groundnut and paddy husk, vermiculite, perlite etc.  Media constituent like cocopeat is successfully used for better management in both vegetables and flowers.  

It is already proven that crop grown on cocopeat and rock wool have better growth and development compared to soil grown plants. It has a special advantage due to high retention of water and coupled with good aeration because of lesser bulk density and higher porosity. Besides this the flowers and vegetables are lighter in weight when grown on these media which is of great significance in exports. Hydroponic techniques using deep flow technique, nutrient film technique is used to limited extent for commercial cultivation of vegetables and flowers.

11.       BIOLOGICAL CONTROL

Biological control is use of organisms to regulate a pest or pathogen below its economic threshold level. It assumes importance in sustainable agriculture and organic farming. However, it has several inherent disadvantages like the availability of natural enemies in sufficient numbers to utilise on a large scale. Secondly, almost all parasitoids and predators do not integrate with insecticides. Therefore, there is a tremendous need to develop natural enemies tolerant to multi-pesticidal groups. It is further, necessary to encourage commercial insectaries, which can supply quality natural enemies to farmers at a very short notice. This also calls for developing appropriate shipment technologies and stage of transportation. 

The use of commercial nuclear polyhedrosis virus (NPV) is gaining importance all over the world. In India too, private industries are bringing out field compatible formulations. It has been found that using NPVs at early stage brings in excellent control of Helicoverpa armigera on tomato. NPV is further, compatible with Trichogramma egg parasitoids, endosulfan and pheromone traps. These, in turn would constitute an ideal IPM. One of the advantages of NPV is its specificity. However, NPV of Autographa californica Speyer is known to infect several lepidopterous pests. It is necessary, therefore, to test specificity using restriction endo-nuclease analysis of viral DNA. 


Safe and sound technologies for IPM in several crop pest situations like tomato fruit borer and mealy bugs of several fruit crops are available. The private and public sectors presently involved in mass production activities will not be in a position to meet the demand for supplying the biotric agents.  There is a need to encourge production units to meet the demand.


Biological suppression is a skilled job.  The increasing demand for natural enemies combined with inadequate skill for producing, release and maintaining of bioagents has to be tackled.  Limited financial resources are also coming in the way of mass production.  Under these circumstances, it is worthwhile to consider providing one time grant to unemployed graduates to take up the mass production of natural enemies near the application sites.  Each district should have at least 3 units.  Persons can be well trained and can be given a suitable grant to establish biological control units near the cropped areas.

12.
PRECISION FARMING

 
Precision Farming involves  the  application of  technologies  and  principles  to  manage  spatial  and  temporal  variability  associated  with  all aspects  of  agricultural  production  for  the purpose  of  improving  crop  performance  and  environmental  quality.  This technology would involve application of inputs and use of resources for deriving maximum outputs. The technology will involve integration of different systems involving computers, Global Positioning  System (GPS),  GIS,  Sensors  and  application control.    The concepts  are  of  recent origin;  but  have  immense  prospects  for  application  improving  production  and  productivity  of  horticultural  crops.  Some  applications  like  fertigation  are  already in vogue. 

13.        USE  OF  REMOTE  SENSING  IN  HORTICULTURE

  There is vast potential for growing a large variety of horticultural crops for  which  identification  of  land  and  other  resources  would  be  necessary.  One of  the  major  constraints  for  developing  effective  plans  in  the  horticulture  sector   is  the  lack  of  reliable  and  upto  date  data.  While  agricultural  crops  are  being covered  under  crop  estimation  surveys,  there  is  no  such mechanism  for  the horticultural  crops.  Hence,  there  is  an  urgent  need  to  create  reliable  data base  through  a system  of   acquisition  through  satellite   imageries  which  can  be  updated  periodically.  Remote  sensing  data  having  capability  of  providing  regular,  synoptic,  multi-temporal  and  multi-spectral  coverage  of  the  country  can  generate  such  information  for  crops  and  other natural  resources.  India  has its  own  remote  sensing  satellites  (IRS),  which  provide  world  class  multi-spectral  and  multi-resolution  data.


Keeping in view the urgent  need  for  developing  data base  in  the  horticulture  sector,  a  core  group  on  Horticulture  Crop  acreage  and  production  estimation  was  constituted  in  the  Ministry  of  Agriculture  in  September,  1996.  The  core  group  has  identified  the  potential  for  estimation  of  area  as  well as  forecast  of  production  of  major  horticultural  crops  using  remote  sensing  and  Geographical  Informal  System  (GIS)  based  techniques.  It  has  also  recommended  the  need  for  creating  a  National  Horticultural  Information  Centre  (NHIC)  in  the  Ministry  of  Agriculture.  
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