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ABSTRACT

The process of producing fruits, vegetables, flowers, and other decorative plants in a controlled, high-tech
greenhouse environment that uses cutting-edge technologies to maximize growing conditions is known
as horticultural crop production under smart greenhouse systems. Smart greenhouses offer a controlled
environment where essential elements, such as temperature, humidity, light, and CO: levels are accurately
maintained, in contrast to traditional techniques of horticulture crop development where variables, such as
weather, soil conditions, and pests can be unpredictable. As a result, farmers may produce crops with greater
consistency in quality and quantity while using fewer resources and having a smaller negative impact on the
environment. The present manuscript will elaborate several vital features of horticultural crop cultivation
under smart greenhouses along with different benefits.
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INTRODUCTION protected cultivation must be increased fourfold, to
over two million hectares. In addition to offering
high water and nutrient use efficiency, protected
cultivation can readily boost output and productivity
by 3-5 times compared to open or outdoor field
cultivation (Patil et al., 2023). Hence, the manuscript
will detail horticultural crop production under a
smart greenhouse system.

The size of the global commercial greenhouse
market was estimated at USD 39.6 billion in 2023
and is projected to increase at a compound annual
growth rate of 11.6% from 2023 to 2028, reaching
USD 68.7 billion. Global demand for commercial
greenhouse services and solutions is increased by
a number of significant causes (Li ef al., 2012).
Commercial greenhouses offer the chance to extend
growing seasons, mitigate the impact of unfavorable  Vital Features
weather, and guarantee consistent agricultural yields
(Gruda et al., 2019). Furthermore, the transparency
and traceability offered by greenhouse-grown
products find a considerable market resonance as
consumers become more conscious of the quality
and provenance of their food (CGMR, 2023).

India currently only has about 50,000 hectares under
protected farming, compared to China’s 2 million
hectares. In the next 4-5 years, the area under

Smart irrigation system

Smart irrigation systems minimize water wastage
and guarantee that crops receive the right amount
of hydration for optimum growth by using sensors
to supply accurate amounts of water to plantsWang
et al. (2020). This is particularly important in areas
with limited water supplies where conserving
resources is a top concern (Koukounaras, 2020).
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control the temperature, humidity, and ventilation,
guaranteeing that the crops are grown in the best
possible conditions (Rayhana et al., 2020). This
is particularly helpful for crops, such as lettuce,
tomatoes, and cucumbers that need particular
environmental conditions (Wang ef al., 2020).

Artificial light

LED grow lights are used to give plants the
proper light spectrum required for photosynthesis,
extending growing seasons and supplementing
natural light (Chen et al., 2020). According to the
particular requirements of various crops, such as
flowers, tomatoes, or herbs, smart greenhouses may
modify the amount of light and how long it lasts
(Wang and Luo, 2024).

Common Crops

High-tech greenhouses can be beneficial for
different horticultural crops, such as herbs (mint,
basil, etc.), leafy vegetables (spinach, lettuce,
etc.), flowers (orchids, roses, etc.), tomatoes, and
cucumbers, different ornamental and potted plants
(Patil et al., 2023).

Improved yield and resource use efficiency

Smart greenhouses may greatly increase agricultural
productivity by  optimizing  environmental
conditions, enabling the production of premium
fruits, vegetables, and flowers all year round
(Maraveas et al., 2021). Compared to conventional
farming practices, smart greenhouses are made to
consume fewer resources. They are an eco-friendly
answer to today’s agricultural problems since
they require less energy, less water, and help save
nutrients (Gruda et al., 2019). To further improve
sustainability, they also use renewable energy
sources, such as solar panels.

Data collection and environment monitoring

Critical  parameters including temperature,
humidity, soil moisture, light intensity, and even
CO, levels are continuously monitored by sensors
positioned throughout the greenhouse (Kirci et al.,
2022). Artificial intelligence or machine learning
is used to gather and evaluate this data to provide
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recommendations and real-time adjustments for
enhancing crop growth (Chen et al., 2020).

Integrated disease and pest management system
Utilizing technology, smart greenhouses are able
to identify and control illnesses and pests before
they become serious issues (Patil er al., 2023).
By detecting early indicators of disease or insect
infestation, smart cameras, image recognition
software, and sensor networks enable focused
interventions without the need for excessive
pesticide use (Farooq et al., 2022).

CONCLUSION

A major advancement in contemporary agriculture
is the production of horticultural crops in smart
greenhouse systems. These systems produce the
perfect atmosphere for growing high-quality
crops all year round by combining -cutting-
edge technology, such as robotics, hydroponics,
automatic watering, climate management, and
artificial lighting. Smart greenhouses are a viable
way to satisfy the expanding need for food and
decorative plants worldwide while reducing their
negative effects on the environment because of its
capacity to maximize resource utilization, enhance
sustainability, and boost yields.
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