CHAPTER V

RESEARCH PROGRAMMES

1. RESEARCH INFRASTRUCTURE


The Indian Council of Agricultural Research (ICAR) has been gradually building up research infrastructure for a wide variety of horticultural crops. Several regional stations in horticulture, started by the ICAR in its early phase now form the nuclei of our research efforts in various states. Major initiatives in this regard were taken in 1954 when a Horticulture Section was established in the Division of Botany, IARI, New Delhi. Horticulture research further got impetus in the IV Five Year Plan when an Institute of Horticulture research was established at Hassarghatta near Bangalore, to work on fruits, vegetables, mushroom, ornamental and medicinal and aromatic plants. Research on plantation crops was started with the establishment of a Coconut Research Station at Kasaragod in 1943, which later became Central Plantation Crops Research Institute and an Arecanut Research Station at Vittal in 1957. 


In addition to these organisations, the Ministry of Commerce established one Research Institute each for Coffee, Rubber and Spices and two for Tea to carry out research exclusively on these crops.


Similarly, a large number of CSIR laboratories like Central Food Technological Research Institute (CFTRI), National Botanical Research Institute (NBRI), Central Institute for Medicinal and Aromatic Plants (CIMAP), Regional Research Laboratories (RRLs) and Defence Food Research Laboratory (DFRL) are undertaking research on post harvest management of large number of horticulture commodities including research on value added products. In addition, the Planning Commission has agreed in principle for the establishment of three new National Research Centres each on Litchi, Pomegranate, and Mukhana. Further, several traditional Universities and other central organizations e.g., Department of Biotechnology (DBT) , Bhaba Atomic Research Centre (BARC) and Indian Space Research Organization (ISRO) are also undertaking basic and strategic research.


The ICAR also provides funding support to several non-ICAR institutes through a large number of time bound ad-hoc  mission mode projects to solve specific problems as well as  International collaborations and foreign aided  projects to promote horticulture research in certain specific areas.


Rapid expansion  in infrastructure was, however, witnessed in the Seventh and Eighth Plan. A full fledged horticulture division was created at the ICAR Headquarters headed by a Deputy Director General during 1987. At present, the following research infrastructure in horticulture exist in the country:

· 10 Central Institutes with 27 Regional Stations.

· 10 National Research Centres on important crops.

· 9 Multidisciplinary Institutes working on horticultural crops.

· 15 All India Coordinated Research Projects with 223 centres.

· One full fledged State Agricultural University in Horticulture & Forestry.

· 25 State Agricultural Universities with Horticulture discipline.

· 5 network projects.

· 330 Ad-hoc research projects.

· 29 Revolving fund schemes.

 2.  ACHIEVEMENTS 

  
Systematic research efforts over the years have led to the development of about 500 improved varieties and hybrids, improved production and protection technologies for different horticultural crops for varying agro-climatic regions and situations of the country as well as post harvest processing. Major achievements made in horticulture are given below.        

2.1
Crop Improvement

· Building up of large germplasm in almost all horticultural crops.

· Development and release of clones /varieties and hybrids in:

Fruits: 
45 varieties in 12 fruit crops comprising of aonla (2), acide lime (4), apple (4), banana (5), custard apple (1), grape (6), guava (3), litchi (2), mango (8), papaya (6), pomegranate (3) and sapota (1).

Vegetables: About 182 open pollinated varieties and 36 F1 hybrids and 2 synthetics in vegetables like tomato, bringal, cucumber, capsicum, cabbage, musk melon, water melon. Varieties are also developed possessing  resistance to diseases and insect pests.

Potato:
34 high yielding varieties for different agro climatic regions of the country. Varieties are also developed for short growing period, resistant to late blight, tolerance to viruses, and immunity to wart disease and resistant to cysnematode.

Tropical tuber crops: 24 improved varieties of tuber crops like Cassava, sweet potato, yams and aroids.

Ornamental crops: 57 varieties of rose, 35 of chrysanthemum, 42 of gladiolus, 150 of bougainvillea, 25 of hibiscus and 2 of orchids.

Medicinal and aromatic plants: 25 improved varieties of medicinal plants and 7 of aromatic plants developed by the ICAR/SAUs. In addition 89 varieties are developed by CIMAP, Lucknow (CSIR Institute).

Spices:
7 varieties of black pepper, several of cardamom, ginger, turmeric released.

Coconut:
12 hybrids involving tall and dwarf parents.

Arecanut:
4 high yielding varieties released for commercial production.

Cashew:
12 hybrids with a high yield potential developed and released.

Tea:
30 high yielding vegetative clones each released by Tea Research Association and UPASI, Tea Research Foundation. Of these UPASI TRF-1 recently released in south India has yield potential upto 11000 plus kg/ha of made tea.

Rubber:
Evolved many hybrid clones out of which RR11105 is outstanding clone.

· Commercial cultivation of crops like Kiwi, strawberry, olive, gherkin, oil palm, anthurium orchids and vanilla established. 

2.2
Plant Propagation

Several innovations and improvements have been made in the propagation of plant material and seed. These include:

· Standardization of vegetative propagation techniques viz., veneer grafting, soft wood grafting and chip budding in crops like aonla, bael, ber, cashew custard apple, jamun, mango, sapota, jackfruit, walnut.

· Commercial production of tissue cultured plants in banana, strawberry cardamom, orchids and anthurium.

· Production of virus-free planting material and shoot tip grafting in citrus.

· Suitable rootstocks standardized for grape, citrus, mango, apple, tea. 

· Breeder seed production of 120 open pollination high yielding varieties of vegetables. Improvement in hybrid seed production with development of male sterile lines in tomato, incompatible lines in cauliflower and gynoecious lines in cucumber and muskmelon. 

· Seed plot technique for processing disease free potato seed in plains developed. Entire breeder seed production in of potato undertaken by CPRI.

· Seed gardens for production of TxD and DxT hybrids in coconuts and indigenous tenera seed in oil palm established.

· Near self-sustainability achieved in production of planting material in cashew.

· Rapid methods of production of rooted cutting and commercial production for micro propagation developed.

2.3
Production Technology

· High density planting systems standardized in mango, kinnow, banana, pineapple and papaya for higher productivity & profitability.

· Multispecies cropping systems standardized in coconut, arecanut, oil palm

· Production technologies for Kharif season onion in North India and long day type onions for high altitude.

· Standardized protected cultivation / green house alteration techniques for strawberry, tomato, cucumber, capsicum, rose, gerbera, cactus, chrysanthemum, anthurium, orchids.

· Drip irrigation/fertigation in banana, grape, papaya, pomegranate and mandarin standardized for saving water and fertilizer by 30-40 % with increasing yield and better quality fruit.

· Use of plant growth regulatives / chemicals for flower production /regulation in mango, improvement of berry size and quality in grape, control of fruit drop in citrus, mango, ripening of fruits standardized.

· Techniques for mango, grapes and staggered pruning techniques for production of cut flowers,  eg. Rose etc.

· Standardization of micro-vegetative techniques in grape, banana, coconut, oil palm, tomato, brinjal and cucumber.

· Compatible rootstock series of tea clones release by TRA and UPASI-TRF, which have combining effects and additional yield potential of 26-27 % over the parents.

· Cultivation aspects of tea like pruning shade management and organic nutrition in soil, soil amendment application of weedicides and balanced application of fertilizers have been refined over the years to increase yield. 

· Fertilizer schedules standardized for a number of crops grown in different agro climatic regions. 

· Leaf nutrient guides developed in a number of crops for monitoring nutrient status and scheduling fertilizer application.

2.4
Crop Protection

· Plant protection schedules established for all commercially cultivated horticultural crops

· Integrated Pest Management strategies in crops like cabbage (diamond back moth), tomato (fruit borer), potato (bacterial forecasting and tuber moth) standardized

· Apple scale and potato late blight forecasting  system developed.

· Biological control standardised for control of mealy bug in grapes, scale insects in citrus, rhinocerous beetle and leaf eating caterpillar in coconut.

2.5
 Post Harvest Management

· Development of mango harvester.

· Standardization of pre and post harvest chemical treatments to control post harvest diseases in citrus, mango, banana during long distance transport and stage.

· Post harvest treatments including pre-cooling, passive evaporative cooling for increasing the shelf life of fresh fruits, vegetables, floriculture products, processed fruits and vegetables standardized.

· Packing materials like jute, laminated bags, multi wallpaper, sacks and flexible packaging substances developed are being used commercially. 

· Development of fruit products like mango fruit kernel as cocoa substitute, essential oils from citrus, fruit wines, papain from papaya, dehydrated products from grapes, pomegranate, mango, apricot, and coconut. 

· Technologies for commercial production of value added coconut products like vinegar, cream, milk, milk powder and pouched tender coconut water. 

· Development of multipurpose copra drier, electronic copra moisture meter and tree climbing device in coconut, mango fruit harvester.

· Development of small scale processing plant for oil palm.

· Disposable plates as well as cups from arecanut and extraction of tannins from arecanut.

· Protocol for preparation of cashew jam, jelly, candy and juice.

· Quality improvement in tea achieved through training, modernization of factories upgrading of plucking standards and improving sanitation and hygienic situation ISO-9000 and HACCP as the package for quality improvement introduced.

2. ACHIEVEMENTS DURING THE NINTH PLAN

Significant achievements made during the IX Five Year Plan are highlighted below.

3.1
Fruit Crops

A mango hybrid, CISH M-2 (Dashehari X Chausa) has been developed which is better than Dashehari. Its fruit surface remains free from sooty mould even after exposure to heavy rains, with fruits maturing 15-days later.  Another mango hybrid, CISH M-1 has been recommended for release as an export variety.  Hybrid H 18 (Alphonso X Kensington) has shown better fruit quality.  The technology for rejuvenation of old and unproductive mango trees has been developed.  

Soil application of paclobutrozol (a.i. 4 g/tree in cv. Dashehari and 2 g/tree in cv. Chausa) has been developed which has potential for increased flowering, fruiting and regular bearing.  

A mango grader has been designed and developed on the basis of physical dimensions and shape of fruits.

A guava variety, Lalit yielding saffron yellow colour, medium  size fruits (average weight 185 g) with red blush has been identified for commercial cultivation.  This variety is suitable for both table and processing purposes.  Crop regulation technology for eliminating inferior quality rainy season crop has been developed.

In grapes, Dogridge rootstock was found to be superior in comparison to other rootstocks.  Computer software has been developed for forecasting grape diseases namely, downy mildew, powdery mildew and anthracnose.  

In ber, selection Ganesh Kirti has been developed for cultivation in tribal belts of Gujarat, Maharashtra and Madhya Pradesh. This is an early variety and escapes incidence of fruit borer and fruit fly.

In papaya, hybrid H-39 (Sunrise Solo X Pink Flesh Sweet) has been developed which is superior in both quality and yield in comparison to Coorg Honey Dew and Sunrise Solo. A hybrid line CP-81 (Coorg Honey Dew X CP-85) has been identified for high yield and quality. 

In pomegranate, hybrid Ruby has been released.  The fruit has red bold arils, soft seeds, red ring, good keeping quality and high TSS even during summer. Leaf nutrient standards have been developed for cultivar, Ganesh giving fruit yield of 15.60 to 18.80 tonnes/ha.

CFB boxes made from cotton stick pulp were developed for transportation and storage of Alphonso mango.

Modified Atmosphere Packaging (MAP) technology using polymeric films and shrink-wrapping has been developed for increasing the keeping quality of mango, banana, pomegranate, guava and citrus fruits to 30 days; thereby enlarging the scope for domestic marketing and export trade.

Several innovative processed products from fruits viz. ber candy, ber churah, dried aonla shreds, cherry nectar, banana fruit bar, apple rings dried osmotically and oil-less aonla pickles have been developed and standardized.  Osmotic dehydration studies have revealed that steam-balanced aonla fruits retain better vitamin C compared to non-blanched fruits.

A raw-mango processing machine has been developed at Bangalore.  The industrial prototypes of raw mango processing machine with capacity of 25 tonnes/day have been designed.

3.2
Vegetable Crops

In vegetable crops, 17 open pollinated varieties comprising 7 in brinjal (3 long, 2 small round, 1 each round and green), 3 in pea (mid season), 2 in bitter gourd, one each in tomato (indeterminate), garlic, cowpea, onion and french bean, and 11 F1 hybrids comprising of 2 each in brinjal, chilli, cabbage, okra, tomato (determinate) and one in bitter gourd have been identified for cultivation in different agro-climatic zones.  Tomato variety, BRH-2 is resistant to bacterial wilt.  

The crop sequence of cowpea-tomato-cucumber (net returns - Rs 32,758/ha) followed by tomato-pea-okra (net return - 24,940/ha) is recommended for Satpura hill region in Madhya Pradesh.

3.3 Potato and Tuber Crop

3.3.1
Potato


Five improved varieties namely, Kufri Pukhraj, Kufri Anand, Kufri Giriraj, Kufri Chipsona -1 and Kufri Chipsona -2 have been released for commercial cultivation.  Kufri Pukhraj is an early bulking variety suitable for North Indian plains and plateau areas with resistance to late blight, whereas Kufri Anand is suitable for cultivation in western and central Uttar Pradesh.  Kufri Anand yields attractive and oblong tubers with fleet eyes, pale yellow flesh and resistance to late blight. Kufri Giriraj has been identified to replace Kufri Jyoti, (which has developed susceptibility to late blight and cyst nematodes) cultivation in the hills of Tamil Nadu.

DNA fingerprinting of commercial and indigenous cultivars using RAPD and micro-satellite markers has been completed and database created for future use.  A highly reproducible vitrification-based cryo-preservation method has been developed for long-term conservation of germplasm.  Transgenic lines with osmotin (PR-S) gene have been developed for improving resistance to tuber moth and Helicoverpa armigera have been developed, which are under evaluation.

3.3.2
Tuber Crops

Two cassava varieties, Sree Jaya and Sree Vijaya with an average yield of 34 and 32 t/ha respectively suitable for lowland cultivation as a rotation crop in a paddy-based cropping system; Dioscorea alata hybrid, Sree Shilpa with an average yield of 28 tonnes/ha; and elephant foot yam selection, Sree Padma, for cultivation in Kerala state have been released. In addition, three sweet potato varieties, Gouri (19 tonnes/ha) and Sankar (14 tonnes/ha) for cultivation in eastern region and Sree Bhadra for national release have been recommended.  Further, three colocasia varieties, NDC 1 and NDC 2 for Uttar Pradesh and Kadma for Bihar Plateau; two cassava short duration ( 6-month) clones, CI-649 and CI-731 with yield potential of 25-30 t/ha; and elephant foot yam clone, AM-15 with yield potential of 42 t/ha have been identified for release.

The technique for nursery planting of newly released cassava varieties has been standardized for mass multiplication.

Biological control of sweet potato weevil has been recommended by using Rhaconotus menippus (10 pairs/sq m) and Metarhizium enisopliae  after 50 days of planting followed by re-ridging after 65 days of planting.

Cassava starch based biodegradable plastics has been developed which is a significant breakthrough. The technology has been patented and know-how has been transferred to commercial establishments in India.  A cold-water soluble starch derivative from cassava has been prepared.  A cassava drying system with a turnover of 1000 kg in 20 hrs has been developed.  Cassava ensiling technology has been perfected.  A digester of 250 litres capacity has been designed for cassava starch liquid adhesive.  A starch globulator has been fabricated for accelerating globulation step in sago manufacturing.
3.4 Mushroom


In mushroom, two single spore strains, NCS 100 and NCS 101 and one hybrid strain, NCH 102 of white button mushroom (Agaricus bisporus) have been released for commercial cultivation. Two species, Pleurotus florida and P. ostreatus have been found superior in yield with 75% bio-efficiency. Two temperature tolerant strains, NCB 6 and NCB 13 of white button mushroom (Agaricus bitorquis) are found promising.  A Ganoderma sp. having medicinal value has been collected from Shivalik hills and cultured for cultivation.  Wild edible mushrooms namely, Lepista sordida, Lentinus ponderosus and Pleurotus diamore var. roseus were collected for the first time in India.

On-farm trials for cultivation of white button and oyster mushroom were conducted in village Bergaon to motivate farmers in hilly areas.

3.5
Ornamentals Crops 

In rose, 8 improved cultivars, namely Pusa Gaurav, Pusa Bahadur, Pusa Priya, Pusa Barahmasi, Pusa Virangana, Pusa Pitamber, Pusa Garima, Dr. Bharat Ram have been developed at IARI, New Delhi.

In gladiolus, new varieties, Anjali (bright orange), Archana (Scarlet Pink with yellow dusting on wavy falls in the throat region), Bindiya (yellowish-cream with fan-shaped re-colouration at 2 side falls), Chandani (greenish-white), Chirag (orange-yellow), Sarang (purple red), Shweta (white with light yellow throat), Sunayana (pinkish red) and Vandana (bright orange) have been developed at New Delhi.  Two varieties, namely, Rajani and Chandrani from Kalyani and hybrids, Arka Suvarma and Arka Kesar from Bangalore have been released for cultivation.

Three improved varieties of chrysanthemum, namely, White Charm from Lucknow; Basanti and KS 16 from Kalyani have been released.  A new no-pinch no-stake variety named Mother Teresa, which bears small white flowers of Argemone type has been released.  One attractive hybrid Punjab Gold has been developed for pot culture.

In carnation, cultivar Laurella at Ludhiana, Fambia at Pune and Arthur Sim at Kodaikanal were developed.

The marigold hybrid MS-8 X Pusa Narangi Gainda has been developed in New Delhi
3.6
Medicinal and Aromatic Plants 

Isabgol and guggal germplasm accessions have been collected from Gujarat and Rajasthan and cuttings transplanted for evaluation.

The germplasm of  Safed musli, collected from north western, southern and hilly areas of western Madhya Pradesh has been characterized for exploitation.  Gujarat Asalio I, a variety of garden cress has been identified for release.

3.7
Spices  

Fifty accessions of pepper species, seven proximal branching types of cardamom, 37 accessions of ginger, five accessions of turmeric, 3 Amomum spp., 9 vanilla accessions, 12 wild types of cinnamom, 2 wild types of Myristica, 2 species of knema, 1 high yielding allspice and 4 types of Garcinia have been collected. A putative new species of pepper was collected from Cudallur (Tamil Nadu).  In black pepper hybrids, HP 782, 813, 34 and 105 and collection 1041 have been developed. Six hybrid lines and one cultivar have also been shortlisted in black pepper for high altitude areas of South India. Root knot nematode resistant variety, Pournami has been released. Integrated disease management schedules involving Phytophthora tolerant pepper lines, bioconrol and chemical control measures have been standardized for pure crop as well as mixed cropping systems.

Two value-added turmeric varieties, IISR Prabha and IISR Pratibha, developed through open pollinated progeny selection have been released for Kerala and Tamil Nadu. In addition, Sonali, a variety resistant to rhizome rot, leaf blotch and scale insect has been developed. In ginger, IISR Varada was released, which is suitable for Kerala, Andhra Pradesh, and Orissa. Seven proximal branching types of cardamom were collected and protoplasts were isolated from in vitro derived leaf tissue of cardamom. Microcalli were developed from cardamom protoplast. A quick method of clonal multiplication of cardamom suckers was standardized.

3.8
 Plantation Crops

3.8.1
Coconut

In coconut, production technology of seedlings raised in poly bags with potting mixture of red earth + sand + cow dung in equal proportion was standardized.  Standardization of enzyme extraction and PAGE was done in leaf samples of tall and dwarf coconut varieties.  A protocol for DNA extraction from newly emerged leaf of coconut has been standardized.  Coconut-based cropping and farming system continues to give increased net return per unit area. Similarly, an auto irrigation system to overcome the problem of low voltage has been standardized.  Efficient collapsible copra dryer has been fabricated.

In Coconut, by- products like coconut cream, vinegar, pouched tender coconut water, coconut milk and powder were developed for commercial application.

3.8.2
 Cashew
In cashew, a promising accession, Goa 11/6, which escapes tea mosquito bug infestation has been developed.  A new variety, Goa-1 has been recommended for release in Goa. Application of 200 liters of water once in fortnight or 80 litres once in 4 days as supplementary irrigation to cashew during summer have beneficial effect in higher fruit set, retention and doubling the yield. Database on processing aspects of cashew industries has been established.

In Cashew, a working model of raw cashew nut grader consisting of gravity separator and oscillating sieve separator has been fabricated.

3.8.3
Oil Palm


In oil palm nursery technologies have been standardized. Indigenously about 7 lakh tenera sprouts were produced from the seed gardens at Palode, Thodupuzha and Lakshmipuram. Harvesting the yield level of 20 tonnes FFB per ha with optimum fertilizers and water in indigenous tenera was also demonstrated. Effective control measures were developed for control of rhinoceros beetle using low cost traps as well as pheramones. Similarly bud rot and stem rot management was also demonstrated. The boron deficiency in oil palm was well managed with the application of borax. 

3.8.4
Cocoa

 Clones NA242xICS95 and NC45/5 from Lalbagh, India and Nigerian clones performed better. Progenies of NA35xICS89, SCA6xIMC69, I-56xII-67, I-14xI-56, I-56xIII-35, ICS6xSCA6, AmelxNa-33, II-67xNC42/94 and II-67xNC29/66 were identified as better performers.
Nigerian cocoa accessions NC42/94, NC23/43 and NC29/66 and I-29xNC23/43 also showed tolerance for drought.


Soft wood grafting has been successfully adopted for producing cocoa grafts.
Cocoa grown in spacing of 2.7mx5.4m in arecanut gardens as mixed crop performed well. It is possible to produce 6 lakh cocoa grafts per year from CPCRI.

3.8.5
Tea


In tea infrastructure has been created to set up future programmes on DNA markers and hybridization. Tissue culture techniques and technology for production of haploid lines were standardized.  Production technology of tea have been redefined to harvest, increasing yield.


Nutrition in tea is adopted based on the computer model and green leaf yield potential. Role of sulphur, zinc and other micro nutrients like Ma, Mn, Bo has been proved necessary in high yielding areas. Biocides and bio control measures in plant protection have been developed to minimise pesticide residues.

Improved packaging of tea has been developed by using jute, laminated bags, multiwalled paper sacks and flexible packaging substances. ISO 9000 and HACCP as the package for quality improvement have been introduced.

3.8.6
Coffee


Protocols for micro propagation, isolation and cryopreservation of DNA were developed and Plant regeneration was achieved through somatic embryogenesis and embryo culture. RAPD markers were used for finger printing of leaf rust differentials. Sln-5B a clone of arabica strain with wide adaptability frost tolerant and superior bean was identified.

 Micro irrigation techniques were proved beneficial in judicious utilization of irrigation water. Integrated pest management supplemented by using pheromone traps and parasitoids for control of major pests like coffee berry borer and mealy bugs gave better results. Field trials on high density planting are in progress. A guide on package of practices was prepared for the benefit of farmers.

3.8.7
Rubber


Five high yielding clones of rubber have been introduced under Category III of planting material recommendation. India has achieved highest productivity of 1576 kg/ha during the IX plan period. Protocols have been evolved for somatic embryogenesis and field level evaluation of plants generated by this technique has been in progress.  Genetic transformation of Hevea has been attempted using genes conferring tolerance to drought and tapping panel dryness (TPD).  Recommendations have been issued for intercropping of banana and pineapple with rubber in the North East.  The norms for Diagnosis and Recommendation Integrated System (DRIS) have been evolved.  The infrastructure for offering discriminatory fertilizer recommendation has been augmented with the establishment / strengthening of 10 regional soil testing laboratories.  Low frequency tapping systems have been studied and ad-hoc recommendations issued for on-farm evaluation.  Latex diagnosis parameters have been identified to assess the status of exploitation of rubber trees.  Experiments on cropping systems based on rubber have been laid out and based on the results obtained, ad-hoc recommendations have been issued.  Based on research findings, the outbreak of Corynespora leaf disease in the southern parts of Karnataka and northern part of Kerala has been controlled effectively.   Biogas generation using rubber latex serum has been perfected and the technique has been widely accepted.  A semi-automatic cleaning machine for upgradation of low quality sheet rubber has been developed.  Integrated drying systems incorporating solar, biogas and smoke drying have been developed.  Pilot plant-scale production of styrene grafted natural rubber (SGNR) using gamma radiation has been made and the material has been found acceptable by the footwear manufacturing industry as a substitute for the synthetic rubber.
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