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ttarakhand occupies an important position in India's 

horticultural economy because of its diverse topography, wide 

altitudinal range and varied climatic conditions. The state extends 

from the sub-tropical Terai region to the high Himalayan zones, 

creating opportunities for the cultivation of a wide range of fruit 

crops. Temperate fruits such as apple, pear, peach, plum, apricot, 

walnut and kiwi are particularly important for the livelihood and 

economic development of mountain communities. Among these 

crops, apple (Malus domestica Borkh.) is one of the most 

commercially important and widely cultivated fruits in 

Uttarakhand. Apple cultivation provides income and employment 

to thousands of hill households and supports associated activities 

such as nursery production, transportation, grading, packaging, storage and processing. 

Uttarakhand remains one of India's three principal apple-growing states alongside Jammu and 

Kashmir and Himachal Pradesh, though its area, production and productivity continue to trail 

those two states by a wide margin. Apple production can become substantially more 

profitable if farmers adopt climate-suitable varieties, certified planting material, high-density 

planting systems, efficient irrigation, scientific canopy management, integrated pest and 

disease management, post-harvest technologies and improved market linkages. 

Present Status in Uttarakhand 
Apple cultivation is concentrated mainly in the districts of Uttarkashi, Chamoli, Pithoragarh, 

Almora, Nainital, Tehri Garhwal, Rudraprayag, Pauri Garhwal and parts of Bageshwar and 

Dehradun. Uttarkashi and Nainital are among the largest apple-producing districts of the state 

(National Horticulture Board. 2025). State-level figures for area, production and productivity 

vary considerably by year, statistical source and estimation method, and different government 

or institutional documents are often not directly comparable.  

Indicator (state level) 2023–24* 2024–25* 

Area under apple 11.3 th ha 11.628 th ha 

Production 42,973 tonnes 43,752 tonnes 

Approx. productivity 3.8 t/ha 3.76 t/ha 

* Readers should always confirm the reference year and source before quoting a figure. 

(Ministry of Agriculture and Farmers' Welfare, Government of India (2025). 

Earlier observations attributed Uttarakhand's low productivity to senile orchards, inadequate 

orchard management, climate change, poor-quality planting material, pest and disease 

problems, lack of suitable pollinizers, uncertain weather and fragmented landholdings 

constraints that largely persist today and are compounded by the area decline noted above 

(Nautiyal et al., 2020). 
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Major Varieties and Site Selection 
The selection of an apple variety should be based on altitude, winter chilling, spring 

temperature, water availability, market preference, pollination requirements and the 

suitability of the rootstock. A variety suitable for a high-altitude cold region may not perform 

well in a lower-altitude or low-chilling area. The following classification may be used as a 

general guide. Final selection should be based on local trials and the recommendations of the 

Department of Horticulture, agricultural universities and recognised research institutions. 

Approximate altitude Suitable or promising varieties 

2,200–3,000 m 
Red Delicious, Royal Delicious, Rich-a-Red and Golden 

Delicious 

1,800–2,500 m Gala, Fuji, Jonagold and Granny Smith 

1,200–1,800 m 
Anna, Dorset Golden, HRMN-99 and other low-chilling 

cultivars 

The National Horticulture Board lists several important apple groups, including clonal 

rootstocks such as M.9, M.26, M.7 and MM. 111 and MM.106; low-chilling cultivars such as 

Anna and Tamma; scab-resistant cultivars; and pollinizing varieties such as Golden 

Delicious, Granny Smith, McIntosh, Tydeman's Early and Winter Banana. In Uttarakhand, 

However, variety performance should be assessed through replicated trials before large-scale 

recommendation. 

Major Challenges 
Climate Change 

Rising winter temperatures, inadequate chilling, irregular snowfall, premature spring 

warming, unseasonal rainfall, hailstorms and frost are increasingly affecting apple 

production. Insufficient chilling may result in delayed and uneven bud break, poor flowering, 

weak pollination and irregular fruit development. Early warming followed by frost can 

damage flowers and young fruits. Heavy rainfall during flowering can also interfere with 

pollinating insects and reduce fruit set. Climate-resilient cultivar selection, site-specific 

planning and weather-based advisory services are therefore becoming essential. 

Senile and Declining Orchards 

Many traditional orchards are 30–40 years old or more, and the sharp fall in the state's 

recorded apple area over the past decade reflects, in part, the abandonment or removal of 

such orchards. These orchards often contain seedling trees with large canopies, poor light 

penetration, low planting density and irregular fruiting. Their management requires 

considerable labour, while fruit quality and productivity remain low. Rejuvenation pruning, 

top-working, replacement of unproductive trees and systematic orchard replanting are 

necessary. However, rejuvenation should be carried out gradually and under expert technical 

guidance to avoid excessive stress or tree mortality. 

Pollination Problems 

Apple is generally dependent on cross-pollination for satisfactory fruit set. A shortage of 

compatible pollinizer varieties, poor weather during flowering and declining bee activity can 

reduce productivity. Commercial orchards should include compatible pollinizer cultivars in 

suitable proportions. Honeybee colonies may be placed in the orchard during flowering, 

provided that pesticide applications are avoided during bee activity. The timing of flowering 

among the main cultivar and pollinizer must also be considered (Nautiyal and Dimri, 2009). 

Lack of Quality Planting Material 

The availability of true-to-type, virus-free and disease-free planting material remains a major 

constraint. Poor nursery plants may show weak root systems, off-type characteristics, graft 

incompatibility or poor survival after planting. Planting material should be procured from 

registered and technically reliable nurseries. Each batch should be properly labelled with the 

cultivar, rootstock, nursery source and certification details. 
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Small and Fragmented Landholdings 

Most hill farmers operate small, irregular and fragmented holdings. Steep slopes and narrow 

terraces restrict mechanisation, irrigation layout, orchard fencing and transportation. Labour 

shortages caused by migration further increase production costs. Collective action through 

FPOs, cooperative societies and common facility centres can help farmers access inputs, 

machinery, packhouses, cold storage, technical services and markets. 

Water, Infrastructure and Marketing 

Insufficient irrigation, soil erosion, poor road connectivity, inadequate storage, limited 

packhouses, weak cold-chain facilities and dependence on intermediaries reduce farmers' 

returns. Without proper grading, packaging and market information, high-quality apples may 

be sold at the same price as inferior produce. 

Scientific Solutions 
High-Density Apple Planting 

High-density planting uses dwarfing or semi-dwarfing rootstocks, closely spaced trees, 

support systems and systematic canopy management. It increases the number of productive 

trees per unit area and can bring orchards into commercial production earlier than 

conventional seedling orchards.High-density orchards may accommodate more than 2,000 

plants per hectare, compared with approximately 250 plants per hectare in traditional 

orchards, with earlier commercial bearing and higher potential productivity under proper 

management. These figures should be treated as potential targets rather than guaranteed 

yields because actual performance depends on altitude, rootstock, cultivar, soil, irrigation, 

training, pruning and farmer skill. 

High-density planting should be adopted only after evaluating: 

● Land slope, soil depth and drainage 

● Availability of assured irrigation 

● Suitability of rootstock and scion combination 

● Requirement for trellis and support structures 

● Availability of skilled labour for pruning and training 

● Risks from hail, frost, wind and wildlife 

● Access to technical supervision and markets 

Rootstocks and Planting Material 

M.9 is suitable for high-density systems where irrigation, trellis support and good orchard 

management are available. MM.111 is more vigorous and may be useful under specific soil, 

climate and site conditions. M.26 and MM.106 may also be considered where locally 

recommended and technically suitable. The selection of a rootstock should not be based only 

on plant density. Rootstock choice must consider soil texture, soil depth, water availability, 

wind exposure, vigour control, anchorage and compatibility with the selected cultivar. 

Canopy Management 

Training and pruning are central to successful apple production. Traditional trees may be 

trained using a modified central-leader system, whereas high-density orchards may use 

spindle, tall spindle or other supported systems according to rootstock vigour. 

Important canopy-management practices include: 

● Establishing a strong central leader and balanced 

scaffold branches 

● Maintaining adequate light penetration within the 

canopy 

● Removing water shoots, diseased branches and 

crossing branches 

● Regulating crop load through appropriate thinning 

● Avoiding excessive pruning that stimulates unwanted 

vegetative growth 

● Protecting major pruning cuts with suitable 

recommended tree wound treatments 
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Integrated Nutrient Management 

Nutrient management should be based on soil and leaf analysis rather than routine application 

of fertilisers. Well-decomposed farmyard manure, compost, vermicompost, green manures, 

mulch and biofertilisers can be integrated with recommended mineral fertilisers. The main 

objectives should be to: 

● Maintain soil organic carbon and biological activity 

● Improve soil structure and water-holding capacity 

● Supply nitrogen, phosphorus and potassium according to crop demand 

● Correct deficiencies of calcium, boron, zinc, iron and other micronutrients 

● Reduce nutrient losses through split application and fertigation 

● Prevent excessive nitrogen application, which can increase vegetative growth and disease 

susceptibility 

Micro-Irrigation and Soil-Moisture Conservation 

Drip irrigation and micro-sprinklers can improve water-use efficiency and enable precise 

application of nutrients. Mulching with locally available organic material or suitable 

horticultural mulch can reduce evaporation, suppress weeds and moderate soil temperature 

(Nautiyal et al, 2017). Recommended water-management interventions include: 

● Drip or micro-sprinkler irrigation 

● Rainwater harvesting and farm ponds 

● Contour trenches and vegetative barriers 

● Mulching around the root zone 

● Regular monitoring of soil moisture 

● Protection of irrigation lines from rodents and frost damage 

Irrigation is particularly important during flowering, fruit set, fruit enlargement and periods 

of drought. At the same time, excessive irrigation and poor drainage should be avoided 

because they can promote root diseases. 

Integrated Pest and Disease Management: Integrated pest and disease management should 

be based on regular monitoring, orchard sanitation, forecasting and the need-based use of 

registered pesticides. The major problems reported in Uttarakhand include apple scab, 

powdery mildew, Alternaria leaf spot, Marssonina blotch, canker, root rot, woolly aphid, San 

José scale, mites, borers and other insect pests. 

An integrated programme should include: 

● Use of healthy and disease-free planting material 

● Removal and destruction of infected leaves, fruits and branches 

● Dormant-season sanitation and pruning 

● Monitoring with pheromone traps and sticky traps 

● Use of biological control agents wherever effective 

● Conservation of pollinators and natural enemies 

● Weather-based disease forecasting 

● Correct pesticide selection, dose and spray interval 

● Rotation of pesticides with different modes of action 

● Strict observance of pre-harvest intervals and label instructions 

Hail, Frost and Wind Protection: Hailstorms can cause severe damage to fruit, leaves and 

young shoots. Anti-hail nets, windbreaks, suitable orchard orientation and crop insurance can 

reduce production risk. Micro-sprinklers may provide limited frost protection when installed 

and operated according to technical recommendations. Weather stations, automated alerts and 

mobile-based advisories can help farmers make timely decisions regarding irrigation, frost 

protection, disease management and harvesting. 

Post-Harvest Management and Marketing: Profitability depends not only on production 

but also on the quality retained after harvest. Apples should be harvested at the appropriate 

maturity stage and handled carefully to minimise bruising and mechanical injury. 

The following post-harvest practices are important: 
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● Harvesting at the correct maturity stage 

● Avoiding fruit dropping and rough handling 

● Field-level sorting and removal of damaged fruits 

● Grading according to size, colour, firmness and quality 

● Use of suitable food-grade packaging 

● Pre-cooling and cold storage where available 

● Development of controlled-atmosphere storage facilities 

● Improved road and ropeway connectivity from orchards 

● Collective sale through FPOs and cooperatives 

Value-added products such as juice, jam, jelly, vinegar, dried apple and chips can be 

produced from lower-grade but sound fruits. Establishing small processing units near 

production clusters can reduce transportation costs and provide an alternative market during 

periods of glut. Digital marketing, traceability, direct sales, institutional buyers and 

geographical branding can improve price realisation. FPOs can also negotiate collectively 

with wholesalers, retailers and processors. 

Research, Extension and Government Support 

Sustainable development of apple production in Uttarakhand requires coordination among the 

Department of Horticulture, agricultural universities, ICAR institutes, Krishi Vigyan 

Kendras, nurseries, FPOs, financial institutions and farmers. 

Priority areas for research and extension include: 

● Identification of low-chilling and climate-resilient cultivars 

● Evaluation of rootstocks under different altitudes and soil conditions 

● Rejuvenation models for senile orchards 

● Pollinizer selection and bee-pollination management 

● Integrated management of pests, diseases and parasitic plants 

● Efficient irrigation and fertigation schedules 

● Soil-health management in hill orchards 

● Post-harvest handling and controlled-atmosphere storage 

● Development of locally suitable processing technologies 

● Use of drones, remote sensing, artificial intelligence and IoT-based weather monitoring 

Farmers should obtain the latest information from the District Horticulture Officer before 

investing, because subsidy rates, cost norms, eligible rootstocks, application dates and 

implementation procedures continue to be revised. 

Conclusion 
Apple production in Uttarakhand has substantial potential, but the sector faces serious 

constraints related to climate change, inadequate winter chilling, a declining and ageing 

orchard base, low-quality planting material, poor pollination, fragmented landholdings, water 

scarcity, pest and disease pressure and weak post-harvest infrastructure. Recorded apple area 

has fallen sharply over the past decade even as per-hectare productivity has stayed roughly 

flat, underlining the urgency of orchard rejuvenation alongside new high-density plantings. A 

coordinated strategy based on suitable cultivars, certified planting material, high-density 

orchards, appropriate rootstocks, scientific pruning, integrated nutrient management, micro-

irrigation, climate-risk protection, integrated pest and disease management, grading, storage, 

processing and collective marketing is essential. Apple cultivation can contribute 

significantly to rural employment, farm income and the reduction of distress migration from 

mountain villages. However, high-density planting should be promoted through site-specific 

planning, technical supervision and continuous farmer training rather than as a universal 

solution. With improved research–extension linkages and effective, timely implementation of 

government programmes such as Apple Mission 2030, Uttarakhand can develop a 

competitive, climate-resilient and value-oriented apple production system. 
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