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I ndia is one of the major horticultural nations of the world, having diversified agro-climatic
regions which have made it possible to grow a vast array of tropical, sub-tropical and
temperate fruits. Crops like mangoes, bananas, citrus, guava, apples, grapes, papayas,
pineapples, pomegranates, litchis, and jackfruits play a vital role in food and nutritional
security, employment generation, farm incomes and livelihoods of rural people. Horticulture
has developed very much in recent times, and according to the latest available estimates, the
total area under horticulture in India stood at around 30.14 million hectares with production
being approximately 370.74 million tonnes in 2024-25. But increasing production is no
longer enough. Fruit production in India is increasingly facing challenges like variability in
weather patterns, shortage of water, deterioration of soil quality, increase in labour charges,
outbreak of pests and diseases, fragmented holdings, misuse of fertilizers and pesticides,
losses in post-harvest period and changing preferences of consumers for safe and good
quality fruits. There is a need to move from conventional and generic practices to intelligent
and efficient methods of growing fruits. In this scenario, precision horticulture becomes a key
route for the future of fruit production in India.

Key Technologies Powering Precision Horticulture

A combination of digital tools and advanced technologies forms the
backbone of precision horticulture in fruit crops.
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From Traditional Orchard Management to Precision Horticulture

Fruit production through conventional methods has always relied upon farmer’s intuition, set
calendars and uniform use of inputs. Such knowledge is of immense value, however, there
never exists uniformity in an orchard. Differences in soil depth, moisture content, nutrient
availability, vigor of the canopy, pest incidence, micro climate and productivity may exist in
any given orchard. The result of this situation will be a scenario whereby excess watering and
fertilization in one part of the orchard will translate into under watering and fertilizing in
other areas of the orchard. Precision horticulture shifts this practice by first identifying
variability, analyzing the data generated from the variability and then managing the orchard
according to the crop requirements. Essentially it involves a process that can be referred to as
“observe, analyze, decide and act.”

GIS and Remote Sensing: Seeing the Orchard from Above

Geographic Information Systems (GIS) and remote sensing technologies are integral
components of precision horticulture systems. Satellites can provide regular information
regarding vegetation status, land use/cover classification, topography, temperature, and
moisture index parameters, while GIS technology would enable integration of these datasets
with data on soils, precipitation, elevation, slope, drainage, and boundary of the farm.
Datasets such as these would assist in locating potential sites for various fruit cultivars,
mapping existing plantings, observing canopy growth, and locating spatial differences in crop
health. Multispectral imagery analysis to calculate vegetation indices would provide data
concerning areas undergoing stress before visual symptoms manifest. In addition, for
fragmented production zones, geospatial technology would aid in orchard design, irrigation
systems planning, precision nutrient applications, and crop diversity. Recent reviews confirm
that the usefulness of remote sensing is enhanced by its combination with GIS and predictive
analytics.

Sensors and the Internet of Things: Orchards That Can ‘Feel’

The loT makes real-time sensing possible in the orchard. Soil moisture sensors would detect
when irrigation is really needed instead of irrigating on a fixed schedule alone. Weather
stations can monitor temperature, humidity, rainfall, wind speed and other factors
continuously to make better decisions about irrigation, risks for diseases, and cropping
management. Soil electrical conductivity, canopy temperature, and other sensors can provide
data regarding the stress in the crops. If these sensors are connected to mobile apps and cloud
technology, then they would send notifications and suggestions. This is especially useful
when the sensors are combined with automated irrigation and fertigation systems. Growers
will not irrigate and fertilize their orchards uniformly but will take into account soil and
plant’s needs. These technologies are very useful in water-limited regions and valuable fruits.

Smart Irrigation and Fertigation: Producing More with Every Drop

Water is among the key resource used for fruits because perennial crops need a consistent
availability during the phases of crop establishment, blooming, fruiting and maturity.
Precision irrigation involves drip irrigation/micro-irrigation, along with soil moisture,
weather and crop water demand sensing. The goal of precision irrigation is not just to
increase the frequency of irrigation but to apply an adequate amount of water at the
appropriate time and in the right place (root zone). Fertigation may be similarly regulated
according to plant demand in order to optimize water use efficiency and to minimize deep
percolation, runoff and over-application of fertilizers. The method is beneficial for climate-
smart agriculture since irrigation may be easily adapted to heat waves, rainfall events and
changes in evaporation demand. A number of digital horticulture literature review studies
have concluded that precision irrigation is one of the most useful applications of intelligent
technologies in crops like grapes, banana and other valuable horticultural crops.
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Drones: New Eyes Above the Orchard

Unmanned aerial vehicles, more popularly referred to as drones, are opening up new
opportunities for orchard surveillance. Drones fitted with RGB, multispectral, thermal, and
other kinds of sensors are capable of taking high-quality pictures of orchard blocks at a level
that may be hard to attain through satellite imagery. Such pictures can be analyzed for canopy
vigor, gaps, signs of water stress, signs of nutrient deficiency, disease signs, flowering
density and potential yield. While drones can be used for targeted spraying and mapping of
problem areas, such use comes with certain restrictions. The main benefit, however, does not
come from drones, but the data they collect. Once imagery is transformed into actionable
maps, farmers will have an opportunity to check particular zones rather than using the same
amount of effort on the whole orchard. In India, review of research articles has revealed
application of drones in disease detection, pest monitoring, yield estimation, water stress
evaluation and canopy management.

Artificial Intelligence and Data Analytics: Turning Data into Decisions

Al in precision horticulture creates huge amounts of data, and artificial intelligence can be
used for turning these data into informed decisions. Machine learning models can analyze the
data on yield of previous years, weather parameters, soil parameters, canopy parameters,
remote sensing to make yield forecasts and determine parameters that influence the yield.
Computer vision can help with the detection of signs of diseases, counting number of flowers
or fruits and maturity assessment. Artificial intelligence advisory systems can integrate
information about the weather forecast and crop development to inform about irrigation
needs, disease risk and harvest planning. But one should remember that artificial intelligence
is a tool for making decisions and not the ultimate truth. The quality of the input data greatly
affects its output.

Precision Pest and Disease Management

Pest and disease control is yet another example where precision can minimize losses not just
economically, but environmentally too. The conventional blanket application of pesticides
could end up being an unnecessary use of pesticides when the infestation pressure or the risks
of diseases are non-uniform throughout a farm, and the risks vary based on micro-climate.
With the help of data regarding weather, field monitoring, images and maps, one can detect
areas that are prone to risks and plan for timely intervention. Drones and mobile imaging
equipment can be utilized for early detection, whereas decision support models can help in
determining the disease-risk window using temperature, humidity, and leaf wetness.
Precision does not imply avoidance of crop protection, but rather implies need-based
management of pests and diseases.

Improving Fruit Quality, Harvesting and Traceability

Future advances in precision horticulture will not be limited to the orchard floor. Quality of
fruits depends on irrigation, nutritional, microclimate conditions in the orchard canopy, and
crop load and harvesting maturity of fruits, which differ from point to point. Thus, sensors
and imaging equipment can play an important role in quality management and assessing
maturity. Digital documentation can help trace quality of production and use of inputs,
harvesting time and post-harvest processing at the level of individual orchards and lots. It is
especially useful for producing quality assurance for export-oriented fruit industry. Long-
term development will tend toward increasing importance of digital traceability.

Indian Opportunities: From Grapes and Mango to Pineapple and Citrus

Precision horticulture will be useful in all fruit growing areas of India. Precision viticulture
will be apt for grapes grown in Maharashtra due to the close relationship between canopy
management, irrigation, nutrition, and quality. Mango plantations can take advantage of
canopy monitoring, flowering, irrigation management, and disease monitoring. Similar
benefits can be obtained through digital technologies for banana, pomegranate, citrus fruits,
apple, guava, pineapple and even new fruit types like dragon fruit. Geospatial technologies
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hold special significance for the Northeastern region due to its complex geography, rainfall
pattern, fragmented holdings, and varying production environment. The use of GIS
technology in identifying suitable locations and matching the crop with soil, topography, and
climatic conditions will prove to be of special significance for the farmers.

Challenges to Adoption

Despite its promise, Precision horticulture should not be considered as a purely technological
tool. It is hindered by high cost, poor digital literacy, insufficient Internet access,
fragmentation of farms, the lack of personnel who would operate this equipment, data
management challenges and the lack of locally adapted advisory models. For smaller and
marginal farmers, buying their own drone, sensor or advanced software will not be
economically viable. Hence, there can be a lot of use for custom-hiring centers, farmer
producer groups, cooperatives, extension institutions and private-public partnerships in
making this equipment available. Training is equally critical. Farmers must know how to
operate this tool and how to interpret its output.

The Road Ahead: From Smart Tools to Smart Orchard Systems

The next phase of precision horticulture will entail combining several technologies in one
decision-making environment. Satellite images can detect stress in an orchard area; a drone
can examine it closely; soil and weather sensors can determine the reason; Al can prioritize
management choices; and an irrigation or fertigation system can execute the selected course
of action. These technologies will help make Indian horticulture transition from using
standalone technologies to orchard management systems. Low-cost sensors, geospatial data,
apps in the language of the farmers, training and interoperable digital technologies will be
crucial. The success of precision horticulture will not depend on the number of technologies
deployed but on the farmers' profitability while preserving nature’s resources.

India's Fruit Production, 2022-23 to 2024-25*
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Figure 1. India’s fruit production trend, 2022-23 to 2024-25 (million tonnes).
2024-25 value shown is the estimate reported in the IASRI Data Book 2025 compilation

Conclusion

The advent of Precision Horticulture provides a great opportunity for making fruit farming in
India more efficient and climate resilient. It does not supersede the age-old knowledge of
horticulture but rather supplements the existing horticulture practices with the use of
measurements, maps, sensors, and analytics for better decision-making. As the fruits industry
of India continues to grow, it is clear that the future of the orchard will see the use of every
drop of water, nutrients, and chemicals for protection more optimally and with each decision
being backed up with more accurate information. The change will be truly realized when
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technology becomes affordable and farmer-centered. Thus, Precision Horticulture will not
simply be a digital form of fruit farming; it will be a way towards smarter horticulture for
India. By providing a data-driven, effective and sustainable substitute for conventional
methods, precision farming brought about a significant change in the agricultural industry.
Through the integration of technology such as GPS, GIS, IoT and remote sensing. Farmers
are able to optimize inputs and reduce waste while managing field variability with extreme
precision (Meena et al., 2026).
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